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PREFACE
It is a great honor and pleasure for us to write a message for the "INTERNATIONAL CONFERENCES
ON ADVANCES IN MECHANICAL CIVIL ENGINEERING 2021 (IC-AMCE -2021)" scheduled during
Feb.26-27, 2021. International Conference aims to provide international forum and a vibrant
platform for academicians, researchers and industry practitioners from Mechanical and allied
Engineering to share their original research work, practical challenges, recent innovations, trends
and to explore methods of application of research to the technological development leading to
human welfare.
The conference program includes Design, Manufacturing, and Thermal Engineering. Our conference
sessions are designed to help & solve existing challenges, accelerate career, and get practical
insights on Innovations.
The papers contained in this volume are of Keynote speakers and authors of selected contributed
power point presentations were given the opportunity to submit a manuscript for publication.
These manuscripts were reviewed by the conference editors and members of the Editorial
Committee. Only those papers judged suitable for publication following the authors consideration of
reviewer suggestions appear in this volume. The IC-AMCE 2020 acknowledges and appreciates the
contribution of the editors and the reviewers. They have made a significant contribution to
improving the quality of this publication. I am sure, these contributions will enrich our knowledge
and motivate many of us to take up these challenging application areas and contribute effectively for
the Sustainable Global Development.
TCET has successfully held three international events in a row. IC-DMTE MULTICON- W 2015, 16,
17, 18, 19 And 20 in association with international journals of repute and multinationals in the
Mechanical Engineering industry with an objective to reach new horizons. We feel that the present
endeavour could not have been possible without the moral support, strong belief, and time to time
motivation from management of Thakur Educational Group. We are grateful to all the participants at
the meeting and for their contributions.
We thank to all the members of the organizing and editorial committee for supporting the event and
extending their cooperation to make it a grand successful event. My apologies to our readers and
contributors for that and request them to kindly send / e-mail their criticism and suggestions, which
will be vital for the improvement.
Convener (IC-AMCE 2021)
Dr. Siddesh Siddappa
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Abstract—The process industry is highly dependent on the
machinery to meet the production requirements. If any
machine has to be shut down due to malfunction or maybe
just regular maintenance work, the time lost in maintenance
affects the efficiency of the plant greatly. If a machine
develops internal part damage, the process of diagnosing the
damaged part and then repairing it takes up a lot of time.
Not to mention the extra time lost in waiting for the specific
maintainer as normal worker cannot do the repairing, and
the time wasted in waiting for the replacement part to arrive
after pinpointing which part is been damaged.
To reduce the loss of time, the team has decided to develop
an Augmented Reality app which will collect data from the
sensors placed in the machinery and display it on the screen
where a 3D model of the machine is visible, overlapped on
the real-life machine. If any failure or damage occurs in the
machine, the sensors will relay the information to the app
and the person will get to know the exact location of the
damage, thereby reducing the time lost in finding the
damaged part. Also, the app will suggest necessary steps to
be taken to solve the issue. Which implies that if the repair
work is easy, an inexperienced person can also execute the
repair work and this will save the time lost in waiting for the
maintainer.

Prathamesh Vichare
B.E Mechanical
Thakur College of Engineering &
Technology,
Mumbai, India
Email: vichareanu@gmail.com

Iqbal Mujawar
Asst. Prof. (Mechanical)
Thakur College of Engineering &
Technology,
Mumbai 400101
Email: iqbal.mujawar@thakureducation.org

forces produced by magnetic fields. Nearly all types of DC
motors have some internal mechanism, either
electromechanical or electronic, to periodically change the
direction of current in part of the motor.
[6]

The energy management of Electric motors is an
important part of industrial energy management, because
electric motors consume about 70% of industrial
electricity. Therefore knowing the cause of failures of a
motor and fixing it immediately increases the efficiency of
industrial processes and also reduces emissions coming
from the motor which pollutes the environment. For this
maintenance Augmented Reality can be used.

Keywords—Augmented Reality, Diagnostics, Maintenance

I. OVERVIEW
A. Introduction
[1]
Augmented reality is a technology that works on
computer vision-based recognition algorithm to augment
sound, video, graphic and other sensors-based input on real
world objects using the camera of our device. It is a good
way to render real world information and present it in an
interactive way so that virtual element become part of real
world.Augmented reality makes the real-life nature into a
digital world by simply putting virtual objects in real time.
It uses the existing world and adds new information. This
technology has been used in gaming, architecture, digital
advertising to create 3d renders of products, simulation,
translation, military, and various medical procedures.
[3]
A DC motor is any of a class of rotary electrical
motors that converts direct current electrical energy into
mechanical energy. The most common types rely on the

A DC MOTOR
B. Importance
[[ ]
3] AR describes a digital enhancement to the external
world. Some of the most beneficial areas of AR’s use is to
help solve problem related to maintenance. For example,
looking at a piece of equipment through an AR device
could show important data related to the machine, such as
its current performance, output and temperature.
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C. Motivation
[6]
Augmented reality in manufacturing has been
nothing more than a pipedream. It is already creating
waves of strides on the industrial manufacturing plant
floor. AR aims to produce efficient operation by cutting
down production downtime, quickly identifying the
problems and keeping all the services and processes going.
It helps the interns and new recruits to study the working
of machine faster.
[8]

Also in regard to electric motors approximately 68%
of the electricity consumed worldwide in the industrial
sector and 46% of global electricity consumption are used
by electric motors. Therefore, efficiency and reliability of
electric motor operation are important goals to improve the
industry energy efficiency and to reduce both the energy
consumption as well as production costs. Therefore, an
electric motor must be maintained with the utmost care and
has to be immediately repaired if any fault occurs.
Presently this is a time consuming process which involves
the disassembling and reassembling of a electric motor in
order to determine the fault. Augmented Reality(AR) can
help in this process as we can easily get the fault
parameters from the electric motor onto our AR
application which will save a lot of time and not increase
production cost and not loose the overall efficiency of a
production plant.
D. Scope of Project
[[ ]
4] AR is providing to be one of the most impactful
technologies influencing the manufacturing industries
helping many enterprises in the space overcome current
obstacles. Workers can now connect in real-time to get the
expert help they need, reducing errors and equipment

mass business adaptation phase, which will mean tangible
commercial benefits.
[[

2]]Nowadays, the processing industry is highly
dependent on the machinery used to meet the desired
production. It is well known that this equipment has an
effective lifetime depending on the treatment it receives.
For this reason, maintenance processes are very important,
because if not done effectively they may provoke great
losses to the company. Nevertheless, in some cases the
maintenance processes require to completely stop an entire
production line, so the time consumed becomes a critical
factor to minimize. Furthermore, it is common that very
few specialists are available in the company, so the
maintenance processes could result difficult to schedule
and also, the risk of having no expertise available to act in
case of an emergency is imminent.
[[

2]]Current state of AR technology can be best
described as so called ―
bridge product‖. As Ben Evans
from Andreessen Horowitz Fund explains — "A bridge
product says 'of course x is the right way to do this, but the
technology or market environment to deliver x is not
available yet, or is too expensive, and so here is something
that gives some of the same benefits but works now'."
B. Proposed Technology Solution
As mentioned in the above paragraphs Augmented
Reality is a proposed solution. [[1]]Augmented Reality
complements the real world by superposing virtual objects
in the user’s environment, allowing a complete interaction
with them in real time. Taking advantage of this
technology, AR applications may be created and used in
field to facilitate the maintaining processes, aiming to
reduce the operating time and the necessity of an expert
present during the operation. Simple and complex
simulations can be generated from 3D CAD models to be
displayed through an application run by a mobile device,
either a tablet PC or a smartphone. These simulations
contains the information required to complete the
maintaining process of an equipment, such as the steps to
follow, the right tool for each step and warning notes. Even
―
best practices‖ and advices can be shown to the user in
order to successfully perform the operation.
Furthermore, as a result new training area can also be
created where trainees are taught easily using the AR
Application. The developed application is intended to be
used in both a workshop and directly in field, expecting
that less time will be dedicated to train the new personnel
responsible for the maintaining process and that possible
mistakes or accidents during the process will be prevent.

downtime.

II. PROPOSED WORK
A. Current Scenario
[[ ]
2] Augmented Reality is, along with Artificial
Intelligence, a technology bound to influence business the
most in the coming years. Involvement of major
companies, including FAMGA (Facebook, Apple,
Microsoft, Google, Amazon), large number of
smartphones supporting AR and intensive work on new
Augmented Reality devices to come — all those
phenomena indicate that this technology is soon to reach

III. ANALYSIS, PLANNING AND REQUIREMENT
A. Software requirements
The following software’s are used in this project:
 Blender 2.83 version:- Used for creating 3-D
models of the desired machine and also adding
various textures and colour to it.
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o

Humidity Sensor

o

Current Sensor

o

RPM Sensor

o

Level Sensor

 Unity Software:-Used for creating the AR
Application and also for applying various
animations to the 3-D model of the machine.

B. Hardware requirements
The Following hardware components are used in this
project:
 The Actual Machine of which we are making the 3D model form the market.

 Sensors-Used to give back real time information
back to the AR Application. Some of the sensors
which will be used are:
o

Temperature Sensor

IV. DESIGN PHASE
A. Design of Block Diagram
 A 3D model of the machine will be created using
Blender software. The model will be extremely
detailed and will also contain all the internal parts
of the machine to be properly distinguishable from
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each other when displaying the sensor data in the
app screen.
 Various sensors will be placed at suitable locations
in the machine. They will transfer respective data to
the application and will notify if the process they
are monitoring is behaving abnormally.
 A mobile application will be developed using Unity
3D software. The previously created 3D model will
be added in the application. When a marker (egQR code) is scanned, the app will display the 3D
model over the real-life machine. Anchors will be
placed to keep the virtual model perfectly aligned
with the machine.

in education and other areas where knowledge transfer is
necessary to successfully complete critical tasks. AR can
bring great results when well applied, but there is still a lot
of work to make this technology a part of our everyday
living. Mobile devices may be the key to achieve this goal.
They have started to take big part of the hardware that
surround us and every year better, cheaper and light
devices are produces. The opportunity of using them to
improve manufacturing, education and other areas is latent
and it should be approached in all possible ways.

 The app will take data from sensors and display it
on the screen at the location of the respective parts.
For example, in case of RPM sensor, the rotor will
be highlighted and respective RPM will be
displayed on the screen.
 In case of fault or damage, the respective part will
again be highlighted, but in a way that will be
distinguishable from other data, and an error
symbol will be shown along with the current data
that is being read by the sensors.
 Upon clicking or tapping on the data, a window
will open which will describe the problem and give
necessary solution to solve it.
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B. Designing of Model
 The machine will be disassembled and studied for
all the internal parts.
 Using latest version of the 3D modelling software
Blender, the virtual models of all the required parts
will be developed.
 These modelled parts will then be placed one by
one to make up the whole machine virtually.
V. APPLICATIONS
[[

]
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potential capacity of this technology to serve as a key tool
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Abstract- In this paper we provide the reader
with a overview of what is motion capture, its
history and evolution so far and processes used
in acquiring the tri- dimensional data of the
recorded scene, take or animation. A brief look
at the “mocap” process’s (short for motion
capture) structure is given followed by an
extensive list of the technologies behind the most
popular systems used today. We dive into the
inner works of acoustical, mechanical, magnetic
and optical mocap systems, also discussing the
differences between active, passive and marker
less optical systems, since these are the most
popular of the above referred. Later on we also
provide some insight into facial motion capture,
right after we compare the data acquisition
systems and quickly overview the generic data
file structure. Finally we provide examples of
real-world applications and some possible
research fields in the area along with our
conclusions.
Keywordsmotion
capture,
movement
reconstruction, markerless capture.
I. INTRODUCTION
Motion Capture is the process of recording the
movement of objects or people. Some applications,
and for validation of computer vision and robotics.
In filmmaking and video game development , it
refers to recording actions of human actors , and
using that information to animate digital character
models in 2D or 3D computer animation. When it
includes face and fingers or captures subtle
expressions, it is often referred to as performance
capture. In many fields, motion capture is
sometimes called motion capture, but in
filmmaking and games, motion tracking usually
refers more to match moving. In motion capture
sessions, movements of one or more actors are
sampled many times per second. Whereas early
techniques used images from multiple cameras to
calculate 3D positions, often the purpose of motion
capture is to record only the movements of the
actor, not his or her visual appearance. This
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animation data is mapped to a 3D model so that the
model performs the same actions as the actor. There
are different techniques in motion capture
technology some of the frequently used techniques
are:-



Marked Based Motion
Capture
i)Acoustic
motion
capture
ii) Mechanical motion capture
iii) Magnetic motion capture
iv) Optical motion capture
v) Active motion capture
ii) Passive motion capture
 Markedless Based Motion Capture Using
the sensors(Arduino Uno Board, Arduino Pro
mini, IMU:MPU 6050, Kalman Filter) as per
the requirments.

II. LITERATURE SURVEY
While referring to different research papers we
came with 4 best papers (1) ―
Review on Motion
Capture Technology‖ author Rahul M mentioned-what is motion capture, the different motion capture
techniques which are used in several field for the
capture of motion and can be conclude that only the
basic knowledge of motion capture was given in the
paper. (2) ―
Development of Human Motion Capture
System Based on Inertial Sensors‖ author by
Guangtian Shi, Yongsheng Shuai Li which tell
about that the motion capture technology using
Raspberry Pi. (3) ―
Low Cost Inertial Measurement
Unit for Motion Capture in Biomedical
Applications.‖ author by Rui Almeida, Claudia
Quaresma, Pedro Vieira, Joao Lourenco, Leonardo
Martin which tells that a low-cost cost measurement
unit that been developed for accurate motion
capture. (4) “Real-time sensor-based motion
capture system for virtual reality’’ author by Vera
Christ which tells that motion capture technology
using Arduino, its code and other than Arduino all
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the possibilities of motion capture was explained.
III. METHODOLOGY
As per our research operation we have come out
with two effective methods
(1) Using sensors –(Raspberry Pie Kit &
Ardunio kit)
(2) Using software—(Blender & Radical)
Using the software only requires motion or the pre
recorded videos to analyze it. Using it each and
every moment of body is recorded and capture
efficiently for the work.
Using the sensors is a tricky part because of the
components of the kits and its coding part of any
language. The software is more effective than
sensors because it has a direct contact
with the motion and in sensors some data get
lagged by is cables and components.
IV. SCOPE
(1) Military:- To study the motion of
movements of tanks ,guns, soldier.
(2) Entertainment:-Used in movies for
animations.
(3) Sports:- It is use to study all the actions of
players. Physical limitations and movement
optimization are of great interest to athletes,
coaches, researchers and doctors. Motion capture
allows us to learn more about injury mechanisms
and prevention. It can also be used to improve a
player’s technique for better results in various
sports applications.
(4) Medical Applications:- for the study of the
structure and function of biological systems such as
humans, animals, plants, organs, and cells by means
of the methods of mechanics.
(5) Robotics:-To study movements of robot
using loops.
(6) Engineering:-The study of mechanical
designs and to observe the motion to improve the
productivity.

V.CONCLUSION

This paper explores the different motion
capture techniques which are used in several field
for the capture of motion. These techniques provide
invisible patterns which can be used for capturing
motions. We studied different paper and different
types of techniques for motion capture .
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Abstract—3D printing is an untapped domain of
designing which has a large scope of improvement. This
paper is written to showcase the addition of another
nozzle thereby increasing the production rate. This
paper also discusses the advantages of incorporating a
laser cuter in a 3D printer. Now, due to the addition of
an extra nozzle and a laser cutter, the main problem that
will be discussed in this paper will be deciding the
mounting points of these entities.
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stepper motors, FDM, ABS, PLA, Arduino, Frame, CAD,
AutoDesk
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Youimagine, digital remixing, consumers, low cost,
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I. INTRODUCTION
3D printing is an additive manufacturing technique in
which 3D objects are printed with the help of CAD software.
There are a lot of upcoming technologies in the field of 3D
printing. The process adopted in FDM technology, in which
different materials like PLA, ABS, HIPS, etc. The filament is
heated to a temperature i.e. its melting point and then the
product is formed layer by layer. In recent times, the FDM
method has become one of the most widely used methods of
paid prototyping for various applications. The FDM method
offers the opportunity to design and introduce new materials,
including composites.
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Material
Selection

Parameters

Material

Description

Printing
Temperature

Bed temp

PLA

It is useful in a broad range of
printing applications. It also
has the virtue of both odorless
and low warp and it will not
require a heated bed. It is
more eco-friendly.

180-220

20-55

ABS

It is the most preferred choice
to make products that can
`withstand high temperatures.
ABS plastic is less brittle.

220-235

80-110

Nylon

Nylon is an incredibly strong,
durable, and versatile material.
It has high interlayer adhesion.

235-270

60-80

PET

It is an industrial-strength
filament with several great
features. It is much stronger
than PLA. PET is FDA
approved for food containers
and tools used for food
consumption. It barely warps
and never produces odor when
it gets printed.

230-255

55-70

TPE

This 3D printing material is
flexible that feels and acts
much like flexible rubber.

210-225

20-55

TPU

TPU has a variety of
applications that are used
inside automotive instrument
panels, caster wheels, power
tools, sporting goods, medical
devices, drive belts, footwear,
inflatable rafts, and a variety
of extruded film, sheet, and
profile applications.

240-260

40-60

LAYBRICK

It is a special kind of 3D
printing material that gives
parts the look and feel of grey
stone. It also retains the
resiliency of plastic.

180-200

20-55

II. MATERIAL SELECTION
One of the most important factors to consider while using
any 3D printer is to choose the material it can process to
make any product. In recent times, due to the advancements
in material technology, many materials can be used in 3D
printers. Each material has its merits and demerits. The main
points to consider while selecting materials are cost,
availability, and ease of application. This is a list of a few
materials that are most used in 3D printers:
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Blue highlight shows material selected

From this table, it can be concluded that PLA is the best
materials that can be used in a 3D printer for manufacturing
products. Besides being eco-friendly, these materials are
cheap and are available in different colors.
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Figure 1: Roll of ABS polymer

Figure 2: Roll of PLA polymer

A. Abbreviations and Acronyms
TAALCM-Twin Action Additive & Laser CuttingMachine
FDM-Fused Deposited Modeling
SLA-Stereolithography Apparatus
SLS-Selective Laser Sintering
ABS-Acetonitrile Butadiene Styrene
PLA-Polylactic Acid
CAD-Computer Aided Designing
HIPS-High Impact Polystyrene
TPE-Thermoplastic elastomers
PET- Polyethylene Terephthalate
TPU- Thermoplastic Polyurethane

Figure 3: Schematic representation of the SLS method

B. Fused Deposited modeling:
The fused deposition modeling method was first developed
by S. Scott Crump in the late 1980s. Later in 1990, it was
redesigned by Stratasys. A large number of makers used this
method in their variants of 3D printers. As a result, the price
of FDM technology plummeted quite a bit since its creation.
In this method, the object is produced by extruding small
beads of material which harden on cooling to form layers. A
thermoplastic filament or wire is wound into a coil. The
unwinding of this thread results in a supply of material into
the extruder. The nozzle head heats the material to its
melting point and turns the flow on and off. Usually, the
stepper motors are used to enable motion of the extrusion
head along the z-direction and adjust the flow according to
the requirements. The head can also be moved in X and Y
directions, and control of the mechanism is done by
computer-aided manufacturing (CAM) software package
running on a microcontroller.

III. PROCESSES IN 3D PRINTING
3 main processes can be used in a 3Dprinter. These are SLS,
SLA, and FDM.
A. Selective Laser Sintering:
SLS, short for Selective laser sintering was developed and
patented in the mid-1980 by Dr. Carl Deckard and academic
adviser, Dr. Joe Beaman. It is a 3D-printing technique that
makes use of a laser as the power source to sinter powdered
material. The laser is aimed at points in space defined by a
3D model, thereby binding the material to create the desired
product. SLS is mainly used to make products of metals. It
is a new technology that has mainly been used for additive
manufacturing and low-volume production of parts. It is
slowly gaining importance in the manufacturing field. The
main reason for not using this method in domestic 3D
printers is its cost. The second reason is that it is difficult to
match with the temperature requirements.

Figure 4: Schematic Representation of the FDM method
C. Stereolithography:
SLA, short for Stereolithography is an upcoming 3D
printing technology. 3D printing was made to allow creators
to create prototypes of their designs in a more time-saving
and effective manner. This technology was first discovered
by Dr. Hideo Kodama, a Japanese researcher.
Stereolithography is a form of 3-D printing technology used
for creating objects, prototypes, patterns, and models in a
layer by layer fashion using photopolymerization. It is a
process by which light causes chains of molecules to be
linked together, thus forming polymers. These polymers,
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then make up the entire body of the desired threedimensional body. Research in this field had been conducted
during the 1970s but the term got coined in 1986 by Chuck.
W. Hall. This process is expensive as the materials used in
this process are expensive. The reason for the material to be
expensive is that these materials are not easily available in
the market.

V. FRAME SELECTION
The frame of a 3D printer is a very important part. It may
look simple, but the design can be quite complex. This is
due to the many different design possibilities. It supports all
the mechanical and electrical components that carry out the
actual printing work. The importance of 3D printer frame is
decided based on the following criterion:



Figure 5: Schematic representation of the SLA method

IV. SELECTION OF MOTORS ON X & Y-AXIS

It determines the build volume of the 3D printer.
It gives the printer its robust look, as well as its
aesthetic appearance.

When choosing a 3D printer frame, one has to consider the
cost, ease of assembly, strength and durability, as well as the
application in terms of desired build volume. Aesthetics
may be a great consideration to designers and businesses
who may want their printer to look good and presentable to
the public. However, it may not be an issue to printers solely
used for experimentation or basic prototyping. There are
many designs from which makers take an inspiration from,
to make their 3D printer frame. It should be able to provide
mechanical strength. It should also be able to carry the load
of the carriage without failure. Some frame designs that
have been considered for this project are:

One of the important factors while making a 3D printer is
the selection of stepper motors. This is because the motion
of the carriage which holds the extruder is controlled by the
stepper motor. This is a rough calculation by which the
selection of the stepper motor is possible.
Assumptions:
Constant speed of the motor = 400rpm=6.667rps
2×𝜋×𝑁

v = 𝑟 × 𝜔, ω =
= 41.908rad/s
60
Therefore; 400 = 𝑟 × 41.908
r = 9.547mm
Torque = 𝐹𝑜𝑟𝑐𝑒 × 𝑟𝑎𝑑𝑖𝑢𝑠
Force = 41.87N
(if NEMA 17 stepper motor has a torque = 0.4Nm)

Figure 7: Frame 1

Figure 6: Stepper motor
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the deposition of the polymer to fashion the second layer,
and this process is continued.
There are different materials that are used to make the build
plate. Some of the most used materials are:
1.
2.
3.
4.
5.

Glass
PEI Sheet
Buildtak
Kapton Tape
Blue Painter’s Tape

1.

Glass:

A 3D printer glass bed is said to be the best option
when aiming for a flawless print bottom. Not only that,
but it is also very easy to remove prints from glass. The
reason why glass is a good option is that it is a reliably
flat, stiff, dense, and cheap material. As a print bed, it,
therefore, has several characteristics and advantages
that one should keep in mind when in the market to
replace your print bed:
Figure 8: Frame 2





Flatness: Print beds must be flat throughout the
printing process so as to avoid running into errors.
When printed properly, glass is naturally stiff and
thermally stable. Thus, it remains flat and will
ensure your bed’s leveling remains consistent.

Smooth finish: Designers require the bottom of
their prints to be as smooth as possible, and
glass guarantees such a finish. It gives a mirror-like,
glossy base that cannot be achieved with most other
surfaces.

Figure 9: Frame 3
These are some of the frames that have been considered for
making the frame of the 3D printer. Out of these three
options, the first option is chosen. This is because it is
simple in design, can carry the load of the carriage without
failure, smooth motion of the carriage. As it satisfies all
these criteria, the first option has been chosen
VI. SELECTION OF BUILD PLATE
In fused-filament (or fused deposition modeling, FDM)
printing, a feedstock material, usually an extruded polymer
filament, is melted or softened in the printer and then
deposited on a build plate. The temperature of the build
plate is much cooler as compared to that of the printhead,
such that the polymer solidifies on contact with it. In this
way, the first layer of the desired object can be printed
before the build plate lowers and the process repeats with



Durability: Many surfaces cannot stand repeated
use because of repeated heating and contraction.
Plastic or acrylic bases will need to be replaced
because the surface will start to chip, scratch, warp,
or peel. Whereas glass rarely needs replacing
because it hardly wears.



Cost: As it is durable and does not need to be
changed regularly, using glass would mean saving a
lot of money.



Uniform heating: Even for materials that do not
require it, heating the print bed can greatly improve
the quality of the print. Glass beds lack thermal
conductivity and take longer to heat up. But they do
spread heat much better than other surfaces.
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Figure 10: Glass Plate
2.

PEI Sheet

Polyetherimide, more commonly known in its
abbreviated form PEI, is a ―
relatively maintenance free‖
build surface that can be used for all types of filament
on a heated or unheated print bed. It does not require
any additional adhesives such as glue or tape. In 3D
printing, PEI sheets are sometimes sold under another
name, ―
Ultem‖.
It requires ―
no-surface-prep‖ before use, which makes it
very convenient and easy to work with. PEI has
excellent mechanical properties, radiation resistance,
high and low-temperature resistance, hightemperaturestability, and high wear resistance as well as
good flame retardancy, chemical resistance, and
electrical insulation characteristics.
Pros of a PEI Sheet:
•
It is easily available, relatively cheap to purchase,
and application and removal is easy
•
It can provide excellent adhesion for a printed item
and can easily eliminate the use of tapes and glues.
•

It provides a smooth surface finish and is durable.

•
It is a good conductor of heat and thus increases the
efficiency of the heat bed.

Cons of a PEI Sheet:
•
It is soft and can be damaged easily by a poorly
adjusted print bed or by excessive scraping.
•
It can strongly stick to a printed item, thereby
increasing the risk of damaging both the bed and the
item as well as taking a lot of effort to remove the
printed item.

Figure 11: PEI sheet

3. Buildtak
Buildtak is a thin plastic material that sticks to the build
surface and, provides an optimal printing surface for 3D
objects to adhere to for the duration of a print while
allowing for clean, easy removal of completed build
parts.
Buildtak is manufactured and marketed by the Ideal
Jacobs Company who developed Buildtak after
purchasing an in-house 3d printer and finding that it
was difficult to get objects to adhere to the build
surface.
Buildtak comes in 13 different sizes, so finding a size
that fits your build surface should not be an issue. It
comes with a self-adhesive backing that can be easily
applied to the build surface. As always, it is important
to make sure that the build surface is leveled after
installation. Buildtak works well with both PLA and
ABS, as well as more high-end materials like HIPS and
PET and users report that one can expect to get about
50-100 hours of use out of one sheet of Buildtak.
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Blue painter’s tape is an easy way to give your
build plate surface more adhesion, especially if one
is using a material with a lower print temperature
like PLA. This is a commonly used bed, as it is not
messy, works alright, and is relatively easy to get
hold of.
Since it is easy to remove at the end of a job, most
people apply it directly to the surface of their print bed.
It is easy to apply, as it can be easily placed and
replaced repeatedly to ensure that it lies evenly with no
bubbles and with tight seams between rows.

Figure 12: Buildtak Plate
4.

Kapton Tape

Kapton tape is a great solution for bed adhesion if one
is working with a material that has a high printing
temperature, like ABS. It is a super-thin, film-like
material that is highly resistant to heat. Application and
removal of Kapton tapes are difficult. Thus, to solve
these problems, a small, 1.5mm piece of window glass
cut to the size of their printer bed. Then, they apply the
Kapton tape to the glass using the ―w
ater method‖.
After that, then attach the Kapton coated glass to the
print bed using clamps or adhesive. It is important to
make sure that your build surface is level after attaching
it to the bed. Like Blue Painter’s tape, Kapton comes in
a 6-inch wide roll that makes covering surface quicker
and easier.

Figure 14: Blue Painter's Tape Build Plate
Build plate material
Material

Properties

Glass

A 3D printer glass bed is the best option when
aiming for a flawless print bottom. Not only
that, but it is also remarkably easy to remove
prints from glass (provided your bed was clean
before printing). The reason why glass is a
good option is because it is cheap, flat, stiff,
and dense material.
PEI, that is, polyetherimide is a thermoplastic
that provides a good build plate surface
adhesion solution for a variety of printing
materials, including materials like PLA, ABS,
Nylon, and others. It is extremely resistant to
heat and performs well in temperatures up to
170C. It can be reused, relatively inexpensive,
and requires very little maintenance between
print jobs, other than a wipe down with
isopropyl alcohol and water solution.
Blue Painter’s, or blue masking tape is an easy
way to give your build plate surface more
adhesion, especially if you are using a material
with a lower print temperature like PLA. It is a
commonly used bed type, because it is not too
messy, works just fine, and is relatively easy to
get a hold of. One problem with the painter’s
tape is that no matter how careful you are, the
seams between the rows will still be slightly
raised. This will, of course, affect the look of
the bottom of your printed object

PEI Sheet

Blue Painter's
tape

Figure 13: Kapton Tape Build Plate

5.

Blue Painter’s Tape
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Kapton tape

Buildtak

Kapton tape is a great solution for bed
adhesion if you are working with a material
that has a high printing temperature, like ABS.
Kapton tape was developed by NASA for use
in space. It is a super-thin, film-like material
that is extremely heat resistant. Kapton can be
difficult to apply and remove.
Buildtak is a thin plastic material that sticks to
the build surface and provides an optimal
printing surface for 3D objects to adhere to for
the duration of a print while allowing cleaning,
easy removal of completed builds. It comes
with a self-adhesive backing that can be easily
applied to the build surface. It is important to
make sure that the build surface is leveled after
installation. Buildtak works with PLA, ABS,
and more exotic materials like HIPS and PET
and, users report that you can expect to get
about 50-100 hours of use out of one sheet of
Buildtak.

trying to achieve and what elements matter most in the
object.
Depending on the type of 3D printer being used, various
nozzles can be interchanged quite easily (most are screw fit)
and multipacks (with different sizes in) can be picked up
quite cheaply.
Nozzle diameter is of utmost importance. There is a wide
range of sizes of nozzle available in the market. Some
include:
1.
2.
3.
4.
5.
6.
7.

Blue highlight shows material selected

0.2mm diameter
0.25mm diameter
0.3mm diameter
0.35mm diameter
0.4mm diameter
0.6mm diameter
0.8mm diameter

VII. SELECTION OF NOZZLE
The nozzle is the part of a 3D printer setup, that deposits the
molten filament into the build area. There are many different
types of 3D printer nozzles available and each nozzle has its
own advantages. Brass nozzles are great for general-purpose
desktop 3D printing. But abrasive filament like Nylon X
requires a high-performance nozzle. Copper plated nozzles
are built to stay clean and not let filament stick to them even
after a lot of usages.

Nozzles

Diameter

Application

Min Feature
Size (2x
nozzle)

Max layer
Size

0.25mm

High Precision, slower
prints

0.5

0.2

0.3mm

Not as precise as 0.25mm
diameter nozzle

0.6

0.24

0.35mm

Prints faster as compared
to above nozzles

0.7

0.28

If one has a 3D print for business (or doing large quantities
of very similar prints) he would want to make sure that the
extruder is laying down the right amount.

0.4mm

Balanced nozzle

0.8

0.32

Not too much and not too little. This is the main criterion for
a nozzle.

0.6mm

Precision is lower but is
faster than 0.4mm
diameter nozzle

1.2

0.48

If one prints various models, some very detailed and
intricate, and some more practical prints (like a replacement
doorknob for example) that just needs to be printed quickly,
and should possess maximum strength.

0.8mm

Lower precision, high
speed

1.6

0.64

The nozzle diameter directly affects the 3D printer extrusion
width of each line in the print, wider the nozzle tip, the
wider will the width of the line of the print be. This will
affect various parts of the printed object.

Either way, one is going to need the right setup for that
person so that not time is not wasted, wasting filament, or
just coming out with undesirable print quality.
There's no simple answer to what's the best 3D printer
nozzle size, one needs to weigh up what the designer is

Blue highlight shows material selected
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Figure 15: 0.25mm nozzle

Figure 17: 0.35mm nozzle

Figure 16: 0.3mm nozzle

Figure 18: 0.4mm nozzle
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Nozzles

Figure 19: 0.6mm nozzle

Figure 20: 0.8mm nozzle

Material

Properties

Nozzle X

It has the combination of abrasion resistance
of the hardened steel nozzles, the heat
resistance of the plated copper nozzles, and
has a poly-phobic coating to prevent clogs on
the inside of the nozzle. It also prevents
filament from sticking to the outside of the
nozzle.

Plated
Copper

Plated copper provides increased thermal
conductivity. It is great for sticky materials
like TPU and PET-G as well as extreme
temperature polymers like Ultem.

Brass

General purpose, cheap, great for printing
materials that do not have anything abrasive
in them. It has a great balance of properties;
good conductor of heat, precise machining,
and very small nozzles does not corrode, or
pit so retains a smooth surface finish for
cleanly laying down extruded filament.

Hardened
steel

Hardened steel is not a good conductor of
heat as compared to brass. Hardened nozzles
are brittle. It is extremely hard to break one
but if one manages to, they tend to crack
rather than deform. Hardened steel nozzles
are very hard. They can scratch and damage
even glass print surfaces if it is dragged
across the surface with force.
Blue highlight shows material selected

VIII. NOZZLE TIP MATERIAL
A lot of factors need to be considered when selecting the
appropriate material of manufacture for 3D printer nozzles.
BETE produces nozzles of different materials in bulk.
Melting or softening of material shows maximum
temperature limits. However, these temperature limits need
to be reduced when corrosion, oxidation, or chemical attack
are also considered. The other factors that must be
considered while selecting the material for the nozzle are:
1. Corrosion
2. Chemical attack
3. Abrasion
4. Cost
Nozzles are made up of different materials. Some of the
common ones are:
1. Nozzle X
2. Plated Copper
3. Brass
4. Hardened steel

Figure 21: Nozzle X
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Figure 23: Brass Nozzle

Figure 24: Hardened Steel Nozzle

This paper shows that the material chosen for making the
products is PLA. The printer will be made based on Fused
Deposited Modelling technique. The stepper motor
calculations in this paper will be used to determine the
same. The design of the frame has also been decided. The
material that has been chosen for the build plate is glass.
The nozzle, which is one of the main components of the 3D
printer has also been decided. The diameter of the outlet of
the nozzle that will be used in this project is 0.4mm n it will
be made of brass. All this has been decided by comparing
the various choices and options available in the market.
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Abstract—Nowadays, pipe inspection robots are utilized in
various fields of industry for examining, cleaning, maintaining,
and inspection of pipelines in factories and in city pipelines.
Industrial pipelines require steady maintenance since
corrosion and abrasion are caused due to gases or steam within
the pipes. Manual inspection is very time consuming, therefore
to reduce the time of inspection and cost and to avoid direct
involvement of humans in inspection of pipeline leakages, there
is a need of automatic pipe climbing robot for pipe inspection.
Such a system is required to be compact and light weighted
and it should not be very expensive. This paper describes the
design and implementation of a pipe climbing robot which
detects the leakage of gas from pipelines.
Keywords— climbing robot, pipe inspection,gas leakage,gas
sensor

I. INTRODUCTION
Robots have become important over a wide range of
applications--from manufacturing, to surgery, to thehandling of
hazardous materials. Consequently, it's important to understand how
they work, and what problems exist in designing effective robots. A
robot is an automatically guided machine which is able to do tasks
on its own, almost always due to electronically-programmed
instructions. Mobile robots are used to maneuver around in their
environment accordingly as required. Similarly, a pipe inspection
robot is a robot used to take care of pipes for cleaning, maintaining
and monitoring leakages in a pipeline. Pipeline networks transport
fluids such as oil, gas, water, and sewage between key locations
through an estimated total of 2.5 million km (2.2 million miles) of
global infrastructure. Failure to adequately inspect and replace pipes
results in pipe failure and subsequent loss of fluid transport,
environmental damage, large excavations resulting in transport
delays and air pollution. In order to avoid such menace and maintain
safe and reliable pipeline infrastructure, substantial research efforts
have been devoted to implementing pipeline leak detection and
localization using differentapproaches.
Inspection and maintenance are essential in all industries.The
concept of pipe inspection robot is mainly focused on the
elimination of direct involvement of human from the work of
inspection and cleaning of pipes. Inability to conduct proper
maintenance could result in potential danger to laborers and
machines. Carrying out these inspections impose rigorous hurdles in
case of various industries where the conditions are hazardous for
human laborers.
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II. LITERATURE SURVEY
The challenges to produce and deliver oil and natural gas remain
daunting and their contribution to energy supply is vital to world
economies. Interruption of supply through the escape of process
gases, through detonations, together with the potential for severe
injury can have devastating economic and social consequences. In
this context, ultrasonic gas leak detection stands as a
complementary technology that helps secure the safe production,
storage, transport, and processing of many of the gases on which
society depends. UGLD has wide application to hydrocarbons,
hydrogen, as well as to inert gases. In addition, UGLD has proven
capable of detecting leaks from sub-millimetresized orifices, albeit
at very high pressures and within a small range. As complementary
systems, ultrasonic gas leak detectors are a first line of defense for
detecting leaks; other systems like infrared point and catalytic
sensors identify the gas cloud accumulation, allowing personnel to
respond in a more effective way to an alarm [12]
For corrosion detection, the images of the metal objects can be
taken in the real time by pi camera or it can be taken with any
camera compatible with raspberry pi as results in
therealtimearerequired.Raspberrypiisusedintheplaceof CPU to
minimize the hardware cost and size. The cameracan be easily
interfaced with the raspberry pi as it has a USB ports. Pi camera of
resolutions 5mp is used to capture the image[5].
There are different types of climbing robots based on different
locomotion and adhesion methods. We use different applications for
installation of climbing robots. There are numerous different types of
climbing robots, which have been presented based on different
requirements of the users and different applications. This paper
presents the current state-of-the-art in climbing robots which could be
applied for upkeep, assessmentor development assignments.
Applications andprerequisites are analyzed and different principles for
robot locomotion as well as for attraction to the vertical structures are
examined [13].

III. METHODOLOGY
A. Design & Modelling
The design consists of three similar frames made out of
acrylic. Each frame consists of a Gear DC motor enclosed
within and these frames are interconnected with steel rods.The
motor is further connected to a bevel gear which carries out the
function of connecting the two wheels on the same axis to the
motor. Each DC motor powers two rubber wheels connected to
each side of the rotating axis which help the robot navigate on
the pipe.Further, few multiple leak detection sensors are
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installed around the design model along with
microcontroller and camera for visual surveillance.

the

rotation using bevel gears. Torque produced by the motor
should be high enough for climbing of the robot vertically.



Wheels
A wheel is a circular element which rotates about an
axis to aid or simplify motion, movement, transportation or
performing labor in machines. It is used to give stability to
the robot. It used to aid the motion of the robot over the
surface of the pipe. The DC motor used in the robot
provides power to the wheels installed in the robot. Each
DC motor powers two rubber wheels connected to each side
of the rotating axis which help the robot navigate on the
pipe.

Fig. 1 CAD Model of the pipe climbing robot

B. Analysis
After building the CAD model, we will analysethe design
using Ansys software. Here, we will work on selecting the most
suitable material, by calculating the factor of safety (FOS),
deformation, and various stresses for different materials
respectively. Thereafter we will compare the results amongst all
the chosen materials and select the most suitable one and
proceed towards the manufacturingphase.

Fig. 5 Wheel



Bevel Gear
Bevel gears are used to transmit power at 90o angle. The
axes of the two bevel gear shafts intersect and the toothbearing faces of the gears themselves are conically shaped.
A straight bevel gear is being used for transmitting the
motion of the motor perpendicular to the wheel. Each motor
is connected to a bevel gear through which power is
transmitted to the axle.

Fig. 2 Modal Analysis of the model

Fig.6 Bevel Gear



Fig. 3 FOS of the model

C. Selection of components
This phase involves selection of the electronic components
for the leakage detection like motors, sensors, etc.



Motor selection

Fig. 4 Motor

Three DC motors, each placed within a frame are used
to transmit power to the wheels perpendicular to its axis of

Raspberry Pi-3 Model B
Raspberry pi is the credit size low cost as well as low
power computing device. The Raspberry Pi 3 Model B is
the third generation Raspberry Pi. The Raspberry Pi 3
Model B comes with a more powerful processor which is
10 times faster than the first generation Raspberry Pi.
Furthermore it includesWLAN & Bluetooth for wireless
connectivity.
We are using the Raspberry Pi over an Arduino
microcontroller because Raspberry Pi has on board
Bluetooth and Wi-Fi system, whereas, Arduino requires a
separate external hardware for connection making
Raspberry Pi the prime choice.
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Fig.9 Pi Camera Module
Fig. 7 Raspberry Pi-3 board configuration



MQ-2 Gas Sensor
This main function of this system is to detect the
leakage gas. The gas sensor is required. MQ-2 gas sensor
can be used in this system. The MQ-2 Gas sensor can be
used to detect or measure gases like LPG, Alcohol,
Propane, Hydrogen, CO, Methane, etc. It contains a sensing
element made up of Aluminum Oxide which is coated with
a layer or Tin Oxide. The resistance of the sensing element
changes when the gas comes in contact with the material.
This variation in the resistance is used for the detection of
gases. The concentration of the gas can be measure
according to the output voltage of the sensor as it is
proportional to the concentration of the gas and can be
shown on a display.

D. Manufacturing & Assembly
After analyzing the proposed model, we will proceed
towards the manufacturing phase. We have planned to
manufacture the robot as per the work plan. After completion
of this phase, we will assemble all the mechanical and
electronic components together as per the plan.

Fig. 10 Pipe Climbing Robot

E. Coding & Testing

Fig. 8 MQ-2 Gas Sensor

When the sensing element is heated, oxygen gets
adsorbed on the surface of the sensing element. The donor
electrons which are present in the Tin Oxide are attracted
towards the oxygen which is absorbed by the sensing
element which prevents the current flow. On introduction of
reducing gases, these adsorbed oxygen atoms react with the
reducing gases which decreases the surface density of the
adsorbed oxygen. Now the current can course through the
sensor freely which thereby produces output in voltage.


Pi camera
Raspberry Pi has official support for camera
implementation within the board. The Camera Module can
be used to take high-definition video, as well as stills
photographs. It's capable of high pixel static images
depending upon the version, and also supports 1080p30,
720p60 and 640x480p90video. It attaches to the Raspberry
Pi via one of the small sockets on the board's upper surface
anduses the dedicated CSi interface, designed especially for
interfacing to cameras. This camera will be used for
corrosion detection on surface of the pipe.

In this stage, we will automate the motor, sensors, and
camera with Raspberry Pi, by programming it using Python.
Then, we will debug the code and test the functioning of the
robot.

IV. CALCULATIONS
Selection of Motor
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑜𝑙𝑒 𝑏𝑜𝑑𝑦
= Massofframes + Massofwheels
+ MassofSteelRods + Massofmotors
+ Massofbevelgears
+ MassofFasteners
= 57 × 3 + 40 × 6 + 10 × 6 + 160 × 3
+ 50 × 3 + 70
= 1.170 kg
≈ 1.2 kg
Assuming mass of other components i.e. Raspberry Pi3, Wires,
Sensor, etc. ≈ 1 kg
∴ 𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑜𝑑𝑒𝑙 = 1.2 + 1
= 2.2 kg
Considering,𝐹𝑂𝑆 = 1.5
∴ 𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑜𝑑𝑒𝑙 = 2.2 ∗ 1.5
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= 3.3 kg
We have,
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑤𝑒𝑒𝑙 = 65 𝑚𝑚
∴𝑇𝑜𝑟𝑞𝑢𝑒𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑓𝑜𝑟 1 𝑚𝑜𝑡𝑜𝑟 𝑇 = 𝐹𝑜𝑟𝑐𝑒 ∗ 𝑅𝑎𝑑𝑖𝑢𝑠
3.3
65
=
× ( ) × 9.81
3
2
= 350.7075 N mm
= 0.350 N m
= 3.5 kg cm
∴𝑇𝑜𝑟𝑞𝑢𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 1 𝑚𝑜𝑡𝑜𝑟 = 3.5 𝑘𝑔 𝑐𝑚
𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑜𝑓 𝐷𝐶 𝑚𝑜𝑡𝑜𝑟 𝑃 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 × 𝐶𝑢𝑟𝑟𝑒𝑛𝑡
= 12 × 0.3
= 3.6 W
2πNT
P=
60
2π × N × 0.3432
3.6 =
60
N = 100.167 rpm ≈ 100 rpm
As we are using bevel gear,
z
∴ 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑖𝑜 (𝑖) = 2
z1
20
=
16
= 1.25
100
∴ 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑤𝑒𝑒𝑙 =
1.25
= 80 rpm
So we have to select such motor whose speed is less than 100
rpm.

V. RESULT

In the present concept of design the circular pipe is considered to
be even and has a constant coefficient of friction throughout.
Designing the robot requires a methodological approach to implement
a professional structured robot is done by generating a CAD model of
the robot. The components of the robot are selected with maximum
care with feasible materials, since theoretical tests and scenarios can
be modeled based on weight and dimension of the robot. After
selection of optimum materials for robot, the design process is
finished.

VI. CONCLUSIONS AND FUTURE WORK
The main objective of the project is to develop robot for early
detection of any gas leakage in the pipeline system to prevent severe
accidents resulting in material losses and human injuries. This
objective was tackled by researching about the various types of robot
used for inspection of pipelines.We have selected external pipe
climbing robot which allows the monitoring of pipeline cracks/leaks
remotely with the help of sensors. If any gas leakage is detected then
the system installed in the robot will alert the user to avoid any
accident.
The next objective is to integrate this design with a remote
surveillance system to prevent any threat to the workers while
physical inspection of pipeline.This is tackled by implementing a
camera within the design for inspection of non-accessible pipe
surfaces, making surveillance more accessible and remote inspection
of pipeline possible. Further, in order to increase the robustness of the
model, image processing based method can be employed for
automating the task of pipe corrosion detection to prevent manual
human inspection in future work
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Abstract - This paper present the predictive maintenance
techniques using IOT sensors which determine the condition
of equipment to evaluate that when maintenance is to be
given .these technique helps to reduce the unexpected failure
of device and helps in enhancing the performance of device
or machine and it also extend the life cycle of equipment.
In this the transmission of information that the sensors
having is done with Raspberry Pi (internet protocol /
transmission control protocol) . And the data is stored in
time sequence on cloud and it's further analysis is done with
the help of software and administrator can also predict the
condition of device before unexpected failure.
The predictive maintenance technique helpful in lower
the unexpected maintenance cost and unexpected failure of
device overall it is smart technique in these fast moving
world.
Keywords— Predictive maintenance, Raspberry
Sensors, Data analysis, Internet of Things (IoT ).
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INTRODUCTION

“Predictive maintenance is defined as: the process of
maintaining the state or condition of the machine or
component constant”. Maintenance is applied mostly to
everything, not only in manufacturing processes but also
to railways, bikes, cars, computers, etc. Its significance
has increased recently while enterprises have observed the
value and cost reduction it implies. In the industrial
sector, maintenance has the aim of maintaining a
process’s functions over time” [4].Today, when whole
world has become a competitive ground. How can
industrial world be left behind. Rather many revolutionary
have taken place in the industrialized world since 1760. In
today's time IOT is also a revolutionary idea that is used
in industrial sector or we can say in the manufacturing
world, where machines are used for production. Without
it, it is very difficult to top the competition in the world. It
should meet almost all the requirements like (increments
in production rate, operational efficiency, employee safety
etc.) of today's industrial world.

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

The first person who thought about the IOT was CH
Waddington. Who took care of the Royal air force coastal
command squadron. After many experiments he saw that
a cyclic observation is much better than repairing of
complete damage. Because if we are doing cyclic
observation in that case machine parts will not be
completely fail and repairing cost will be less and
production rate also will be good.
Predictive maintenance has great prominence because
of its value and cost saving feature. In the beginning of
20th century the workers were responsible for maintenance
of machinery. As the difficulty of machinery increased
there was a need for predictive maintenance. Since then
many technologies have evolved. ““Maintenance can be
classified mainly into three parts: corrective, preventive,
and predictive maintenance. The next paragraphs will
describe each of them briefly”[4].

1.1. Corrective Maintenance
"Corrective maintenance is applied only those
component or machine who has the fault and defects"[4].
that means it only apply when the process or machine has
a critical situation .Due to this this type of maintenance
the production of the Company stop .And involve in the
reduction in profit and increase of cost .The time required
to fix the machine or Component cannot be predicted
from this type of maintenance .that why this type of
maintenance is basically used in small industry where the
cost of component or machine is less.

1.2. Preventive Maintenance
“In Preventive maintenance we are Scheduling the
planning of maintenance of machine component and
according to the plan we are providing the maintenance to
the machine component .this the type of maintenance is
given to the machine and its component before actual
failure of machine component. It is based on principle of
periodic review of each machine component .and this type
of maintenance is applied after the production time . The
main aim of this type of maintenance is to reduce the
number of faults in machine .Due to periodic checking of
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individual component replacement of defective parts are
easy. This type of maintenance requires strict monitoring
system and a plan that must be carried out by Qualified
personnel. If this type of maintenance not applied
correctively then there are chance of breakdown of
machine component which results in increase in cost of
company and decrease in production rate.

1.3. Predictive Maintenance
Predictive maintenance is mainly applied in the
discrete manufacturing, Process manufacturing, Oil and
gas Industry, Electric power industry and railways etc. As
the name suggest predictive means to predict something
before actual thing happen .In predictive maintenance we
uses the various data from different type of sensors like
current sensor, vibration sensor, temperature sensor and
humidity sensor etc. and then apply the statical analysis
on those data .after analyzing the data we predict the
mode of failure in the component. this type of
maintenance is mainly applied in such kind of industry
where the production or services are continuous. with the
help of such maintenance we predict the failure before
actual happen hence the overall cost does not increases
and production does not stop. The necessary steps need to
be followed for predictive maintenance is
1) Data acquisition.
2) Data processing.
3) Machine decision making.

1) Data acquisition:
In the data acquisition process we collect the all the
information or data from different physical process like
different form of sensors i.e from current sensor, sound
sensor, vibration sensor and humidity sensor .which is
necessary to predict the failure of machine before actual
time. The event data and condition monitoring data are
the two types of data which are collected from different
sensors to execute the predictive maintenance program.
The event data mainly comprise of information about
what happened to machine component and which
maintenance is applied on it. Whereas conditional
monitoring deals with the measurement of the physical
health of the system.

2) Data Processing:

The collected data consists of some missing, unreliable
and noise value. In data mining technique data quality has
a great Impact on the result obtained. “It is one of the
most thoughtful steps, which deals with the provision and
alteration of the initial dataset. Data preprocessing
methods can be distributed into three main categories”[4].
1) Data cleaning
2) Data transformation
3) Data reduction

1. Data cleaning:

The data which is collected from various sensors are
usually inadequate, noisy and or unreliable, especially
event data which are manually entered. The data which
consist of error causes confusion and mainly error are
occur due human to sensor factor. Some methods are
based on human examination, which usually is helped by

some graphical tool. The missing value of data can be
found with the help of regression method .
“In data clearance improper data and noisy data are major
problem. The work presented by Libralonet proposed the
use of clustering methods for noise detection. Data
outliers can also be identified by clustering techniques,
where similar values are organized into groups. Values
that are set outside the clusters will be considered as
outlier [4]”.

2. Data Transformation:

The aim of data transformation is to obtaining more
appropriate data one step further in modeling.
“Calibration are included in data transformation in which
data are scaled from small range and make dissimilar
signals comparable .To separate the signal and the noise
from the data smoothing is applied. Forward and
backward looking are the two parts of smoothers for given
dataset .For data transmission purpose we are consider
backward looking smoother., which replace any given
observation by a combination of observations at and
before it “[4].

3. Data Reduction:

In data reduction process the unwanted data is removed
from the source data which is obtained from various
sensors .when the overall data increases rapidly the
computational time of machine increases hence the cost
increases. “some methology have been developed over the
years To maintain the optimal computational cost while
the amount of data is sufficient. component analysis is
one of the best principal. In this method we are
combining input features linearly to obtain new ones,
which are linearly independent of each other and maintain
as much of the original information as possible”[4].

4. Machine Decision Making:

Machine decision making is the last step predictive
maintenance which is classified in to two types
diagnostics and prognostics. In diagnostics process we
deals with finding, identification, and separation of faults
when they occur, while prognostics pretends to predict
failures before they happen and is related to predictive
maintenance.

 Objective :

Machinery used to perform operations on daily basis
require proper maintenance to avoid failure .Fault
diagnosis is usually done by physical human to
machine contact and takes a long time , if performed
on daily basis. So in this project predictive
maintenance using IOT is used to improve the
process through fault diagnosis, both on the literature
on optimization and the prevention of scheduled
maintenance by following step
1. capturing , digitalization and transmission of data
2. storage , analysis and evaluation of the data
collected,
and calculation of probabilities of
occurrence of certain events.
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 System Architecture:
For further analysis and monitoring of the system the
sensing module was mainly used .The sensing
module collect and upload the operational situations
to test platform . The analysis system was capable of
quickly and effectively analyzing the gathered data
and making model corrections for failure predictions.
On the basis of historical recorded data and real time
sensing data it provide future maintenance guidelines
to the platform.
Figure 1.Overview of the proposed framework.

Sensing Module:
“The two main component of sensing module are
raspberry pi and PIC18F4525 microcontroller . To get
good results, In the proposed system the control kernel
consist of
Wi-Fi connectivity, the capability of
integrating multiple sensors, online storage like cloud,
and, more significantly, for the preprocessing of collected
data a powerful central processing unit. As there are
different kinds of prototyping boards available on the
internet with different characteristics and usages .In order
to achieve these requirements, we thought the appropriate
components. Through the internet it is found that many
experts suggest, a Raspberry Pi and PIC microcontroller
act as ideal control kernels of systems and efficiently
provide the characteristic similar to the above discussed
requirements [27–30]. That’s why in this project the
Raspberry Pi and PIC18F4525 are chosen as the control
kernel of the system. and the Raspberry Pi consist of
fully functioned single-board computer, a system-on-chip
(SOC) device that runs on a window operating system and
which can easily be switched by just swapping the
memory card. Much like computer raspberry Pi can do
multiple tasks at the same time that means the processing
power of raspberry pi is high for particular work .The
applications of raspberry pi are Networking, data
transmission, databases, and webservers. Also, the
raspberry pi can also accessible through the remote via
secure shell. Raspberry Pi does not have on-board analogto-digital conversion (ADC) interface. To provide an
analog to digital conversion feature , the PIC18F4525 was
selected. since it is low cost, small-scale or micro-scale
industry can take advantage of the proposed Raspberry Pi
and PIC18F4525 combined control kernel for real-world
applications”[5].
Different kind of sensors are used in the experiment
according to the requirement like current sensor, humidity
sensor, temperature sensor and vibration sensor etc. The
overview of the setup is shown in the figure 1 and the
architecture of the setup is shown in figure 2.

Figure 2.Sensing module architecture
Various types of Sensors used in predictive maintenance are
given
below

1. CURRENT SENSOR:
The Current sensor (ACS712 module) is the device
which can measure both AC and DC Current ranges form
+5A to -5A to +20A to -20A and +30A to -30A.Hall
Effect is the principle behind the measurement of current
in ACS712 module ,The Output analog voltage depends
on the how much current is flowing through wire.

Figure3. Diagram of Current Sensor
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Figure 4.Pin Diagram of Current Sensor

Figure 6.Diagram of vibration sensor
SPECIFICATION

SPECIFICATION

1.

Operating Voltage: 3.3V to 5V DC

1.

Measures both AC and DC current

2.

Operating Current: 15mA

2.

Available as 5A, 20A and 30A module

3.

3.

Provides isolation from the load

Using SW-420 normally closed type vibration
sensor

4.

Easy to integrate with MCU, since it outputs
analog voltage

4.

LEDs indicating output and power

5.

LM393 based design

5.

Scale Factor

6.

6.

5A Module-185mV/Amp

Easy to use with Microcontrollers or even with
normal Digital/Analog IC

7.20A Module-100mV/Amp

7.

With bolt holes for easy installation

8.30A Module-66mV per Amp

8.

Small, cheap and easily available

2. VIBRATION SENSOR –

Vibration sensor (Switch SW-420 module) senses the
vibration from the machine Component .when there
are vibration of machine beyond its threshold .then the
vibration sensor give the high logic output.the
threshold limit of the sensor can be adjusted with the
help of potentiometer.

Figure5.Pinout Diagram of vibration sensor

3. TEMPERATURE SENSOR:

The LM35DZ is the type of temperature sensor which
calibrated in Celsius .The Output is directly
proportional to the temperature in degree Celsius.

Figure 5.Diagram of Temperature sensor
SPECIFICATION

1.

1.Programmable Digital Temperature Sensor

2.

Communicates using 1-Wire method

3.

Operating voltage: 3V to 5V

4.

Temperature Range: -55°C to +125°C

5.

Accuracy: ±0.5°C
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6.

Output
Resolution:
(programmable)

9-bit

to

7.

Unique 64-bit address enables multiplexing

8.

Conversion time: 750ms at 12-bit

9.

Programmable alarm options

12-bit

10. Available as To-92, SOP and even as a
waterproof sensor

4. SOUND SENSOR-

It is able to record noise levels, due to its integrated
microphone. It is capable
of
analyzing the
surrounding ambient sound in the audible frequency
spectrum for the human ear, showing collected data in
dBA . It detect various types of sounds like door
knocks or claps or loud voice or any other sounds
loud enough to picked up by the microphone.

Figure 6.Diagram of Sound sensor
SPECIFICATIONS
1.

1.Operating Voltage: 3.3V to 5V DC

2.

LM393 comparator with threshold preset

3.

PCB Size: 3.4cm * 1.6cm

4.

Induction distance: 0.5 Meter

5.

Operating current: 4~5 mA

6.

Microphone Sensitivity (1kHz): 52 to 48 dB

7.

Easy to use with Microcontrollers or even with
normal Digital/Analog IC

8.

Small, cheap and easily available

9.

Ease of Use

5. DHT22 SENSOR:
DHT22 is basically used for measurement of
temperature and humidity. The DHT22 consist of
dedicated NTC to measure temperature and an 8-bit
microcontroller to output the values of temperature and
humidity data. The sensor is well calibrated from
manufacturing industry. hence easy to interface with other
microcontrollers .The sensor can measure temperature

from -40°C to 80°C and humidity from 0% to 100% with
an accuracy of ±1°C and ±1%.
SPECIFICATION
1.

Operating Voltage: 3.5V to 5.5V

2.

Operating current: 0.3mA (measuring) 60uA
(standby)

3.

Output: Serial data

4.

Temperature Range: -40°C to 80°C

5.

Humidity Range: 0% to 100%

6.

Resolution: Temperature and Humidity both are
16-bit

7.

Accuracy: ±0.5°C and ±1%

Figure 7.Pin Diagram of DHT22 sensor

 Methodology:
The approach is spread across six phases. (1) In
the first phase, critical assets of the organization
are identified. These include assets that are
critical to the organization, have frequent failure
rates, and whose maintenance involves high
costs. (2) Data is collected from IoT sensors
installed on machine, is carried out in the second
phase. This data is stored in the form of database
in cloud. (3) In the third phase, the raw data is
pre-processed that is clean from noise and
various types of errors. Much of raw data in
databases may contain missing values,noise,
outliers, redundant data and inconsistent values.
The data need to be cleaned, so that clean data
generates higher reliability and accuracy of
prediction. (4) In the next phase, data were split
into training and test data .Supervised machine
learning algorithms were applied to create the
PdM model. The model is trained using training
data and model performance is checked on the
test data. (5) In the fifth phase, the output is
analyzed and is evaluated based on the accuracy
of prediction of the ML algorithms. This is done
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using Receiver Operating Curve metrics or Gains
charts, visualizations such as Key Performance
Indicator charts, dashboards, confusion matrix,
misclassification error rates, and there are several
other performance metrics, which can be used as
required. (6) In the final phase, the model is
deployed to the enterprise. Deployment of the
model is done in the production stage. Machine
learning tools like Microsoft Azure ML Studio
(Software), Tabaco Statistic (Software), SAS
Visual Data Mining and Machine learning
(Software), Google AI platform (Software) and
open-source software like R and Python can be
used to model the data and trigger alarms on a
prediction of failure.

Results and Discussion:
Once the whole setup is start the data is collected from
the various physical devise like sensors and the data
obtained from the sensor are passed through various
processes like Data acquisition, data reduction and
machine decision making .when some fault or error is
detected from machine .it is send to the person who is
monitoring the machine before it actual fails through
trigger alarm (email, SMS notification) on machine fault
prediction and monitor system status and production line
data using real time dashboards.

Conclusion:
In this modern technology, there is huge competition
between industries. So technology needs to change
continuously at the end to end of business. Only
considering preventive maintenance is not enough and
also we have to consider advantages of predictive
maintenance to reduce the unexpected failure of device,
to reduce downtime , to increase profit and also to
increase safety as well. In this data driven approach with
machine learning we have ability to process the large
number of sensors data which is faster than the other
methods. It is the combined study of Raspberry Pi and
Microcontroller which are core of the sensing module.
The I2C communication protocol is used as the
communication bridge between the two control cores and
sensing module are used to to measure device status. So
after sensing the the sensors data the co-relation among
the the different variable are obtained from this analysis.
The data that were more effective for the target is used for
predictive maintenance. From this constructed model the
current condition and future condition of device is
predicted with improved accuracy over time. Hence with
the help of predictive maintenance, it is possible to
observe the future changes in the device through the
experimental results.
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Abstract - A 4 in 1 Automatic Irrigation System was
developed in order to optimize the water used for
agriculture and also to minimize the time spent by the
farmers and to bring about automization in the field of
Agriculture at an affordable rate. This system contains an
additional sprinkler for pesticides along with the camera
and Android interface and a buzzer and a cutting and
storing unit. The cutting and storing unit can cut plants up
to 3 feet in height. Although the current prototype can cut
Plants up to 1 foot in height. The camera and Android
interface can be used in order to monitor the field from a
distance and the Buzzer can be used in order to dismay the
birds and animals and obstructions that come in way of the
robot.

Every year if you practice crop rotation. Drip irrigation is for
row crops, not for beds. Drip irrigation is expensive.

INTRODUCTION
The limitation of Water resources and global population
growth has led states and governments worldwide to
increase agricultural products per area unit and optimize soil
and water resources productivity with using new irrigation
methods. Developing irrigation methods and their
equipment manufacturing technologies, especially those of
pressure irrigation system resulted in inventing new
approaches to increase irrigation Efficiency.
Generally, current irrigations systems are classified into
pressure and gravitational systems; the pressure category
includes sprinkler and drip irrigation systems and
Gravitational system usually involves furrow irrigation.
Thus, choosing each system could maximize water
productivity and minimize costs of keeping farms.
Considering that most part of Iran lies in desert climate;
water is the most important factor in agriculture. Because of
the limitation in fresh water resources and fertile lands and
the costs of institutions (workforce, energy resources,
chemical fertilizers, etc.) which are going to be high, it
seems to be necessary employing appropriate methods.
Drip irrigation depends on extremely clean water. The tiniest
particle of mud sucked up by our creek pump quickly
clogged the holes in our irrigation system, which meant that
the soil around the clogged holes got no water. If you plan to
install drip irrigation with anything except city water, you
will need to install a serious filter and change it regularly.
Drip irrigation requires a lot of hoses and they have to be

Therefore, in order to improve utilization and productivity, it
would be possible to optimize economic efficiency through
resource management and utilization of water resources at
the minimum level. In comparison with traditional systems,
what is expected of automatic irrigation system is decreasing
water utilization without diminishing production rate.
Although an automatic system could meet the needs without
permanent human presence and monitoring during the
growing season, continual presence of the worker to control
irrigation automatic instruments is not economic. Through
advancements in technology and advent of processors and
controllers, it will be more serious improving the role of
farmer as an observer off field particularly in the light of new
irrigation systems. Human errors resulted by operators'
mistakes or delays in taking required steps, which leads to
reduce productivity. Thus, with waterworks development and
various instruments, the under- pressure units would be
contortion, which are allocated the most bulk of sources.
Monitoring and observing meteorological parameters, water
hydraulic, quality features along with central and local
precise controlling irrigation instruments, have provided an
opportunity to predict and control unusual reaction of
installation sandal so preventing accidents which lead to
increasing productivity of per area unit.
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Working: Components:
Parts Name

Specification

Quantity

Motor

12v DC motor

4

Cuttermotor

12 v dc High speed 1

Cutter blade

ss material

1

Chassis

MS material (HR)

1

water pump

12 v Dc, 9 w,
Height 1 m (can
transfer water)

2

lawnsprinkle
r

3

sprinkler

Camera

Realtek
company

1

buzzer

standard

1

water tank

MS coated

1

The working of the project is classified in mainly two parts,
Mechanical and electrical. total automated control is
obtained through Rf remote
Rf remote consist number of button stopper form the
specific operation
working of project is mainly bifurcated in following stages
1)
2)
3)
4)
5)
6)
7)

Forward and Backward motion
Left and Right motion
Cutter wheel operation
Sprinkler operation
Web Cam
Buzzer
Waste collect operation

Forward and Backward motion
TheRFremotehasbuttonsnamedas“F”and“B,As
thenamesuggests,oncewepressthe“F”button, the RF remote
will
give
a
signal
to
the
microcontroller.Amicrocontrollerdirectsthemotor
inforwardmotion.whichwillresultinthemovingof the robot in
forward direction. Vice-versa for the backwardmotion.

Left and Right motion
The RF remote has buttons named as “L” and “R”,As the name
suggests, once we press the “L” button, the RF remote will give
a signal to the micro- controller. Ami crocontroller directs the
motor in left hand motion. which will result in the moving of the
robot in left hand direction. vice versa for the Right- hand
motion.
Cutter wheel operation
As we saw there is unnecessary growth of harmful plants, which
can cause damage to seed. We need to chop it down and this is
another designated key for Cutting operation. once the button is
presseddc motor will start functioning which will result in
chopping of seeds
Sprinkler operation
This is one of the most precious operations required in the
project. to perform this operation there is a designated key
to perform such operation.

29
Once the button is pressed, the DC motor pump starts pumping
the water from tank to sprinkler which will give the motion to the
sprinkler. a motioned sprinkler will spray away the water and
pesticide in the desired manner.
note - there are two pumps and as many sprinklers are used for
water and pesticide. both operations can be work
simultaneously as well alternatively
Web Cam
To monitor the live footage a Web Cam has been installed on
the project which will give live footage of the field. to operate
the camera there is WIFI which will connect the Web Cam the
mobile based App. a code scanner is given. We just need to
scan it through our smart phone, give away id passwords and
live footage will be accessed.
to monitor it from a long range we need to register it through a
web portal, but as per our project objective that is not required.

CONCLUSION: -

[1] The proposed systems have remotely controlled which
reduces the man efforts, wastage of water as well as power
consumption.

[2] Use of technology in the field of agriculture plays
important role in increasing the production.

[3] This system is also used cutting and storing of
vegetable plants.

[4] The system had been successfully designed for

monitoring the condition of the crop regularly by using robot
as it continuously moves with in the field and we can see the
condition of the crop in our Android devices
Future Scope: -

[1] No protection provided to robot in raining

Buzzer
To obtain this operation we need to just press a button
designated for this operation.
Waste collect operation
A special designed collector has been made for this project,
which will collect the chopped seeds. To obtain this operation
we just need to use the“F” and“B”keyfromRFRemote
oncetheseedsarechopped,wecancomebackwith our robot in
specific
direction
to
collect
the
waste

Advantages :-



High quality of irrigation is achieved as there is no
tradeoff between the time andquality.






It has also low maintenancecost
Reduces the amount of water wasted from watering
Can be easily moved and set up at a new location
Does not require
(automaticsystem)

user

command

to

water
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Abstract—this paper describes the design used in a hexapod
which is under construction for a project for hexapod house
surveillance system. Hexapod geometry has one of the stable
configurations when tested out under variable conditions like
un-even terrain and environmental adaptability. This paper
contains design method that can be used to optimize the
hexapod system by using various principals of robotics

Prajakta Surlekar
Department of Mechanical Engineering,
University of Mumbai
Mumbai, India

Mr. Sachin Oak
Department of Mechanical Engineering,
University of Mumbai
Mumbai, India

gravity of the spider. All the three joints function in
coordination and perfect synchronization in order to spider
to move or displace itself in a particular direction. The
control of these joints for motion of the body is called as
gait control.

Keywords—hexapod, design, robotics, bionics

I. INTRODUCTION
Hexapod is a six arms bionic robot. It is based on the
principle of bionics. The hexapod robot can be imitated to
insects like either cockroach or as considered here a spider.
Hexapods are widely adaptable to surroundings because of
six appendages that provide stability at all terrains. Bionics
being a growing field due to innovation and research,
hexapod is one of the most researched topics due to its
complexities and various possibilities to adaptations
providing multiple degrees of freedom. The motion of coax,
femur and tibia of a spider are imitated in a hexapod. This
forms the design of the system whereas the motion or
movements of these parts could be understood using gaits. It
thus becomes important to first analyze the design as the core
foundation of building any hexapod robotic system.
II. DESIGN CONSIDERATION
A.Bionics of a spider
Bionics can be defined as imitation of nature as close as
possible. The hexapod system is a resemblance of a spider.
The six arms give it the name as hexapod. Hence there is a
basic need of understanding the autonomy of the spider.
Spider has 8 legs with more 34 degrees f freedom. To
simplify this autonomy of the spider, the consideration of 6legged spider is taken into consideration. Thus, each leg of
the spider has 18 degrees of freedom. This gives the
hexapod the ability of be adaptive and flexible under various
circumstances or uneven terrains. On close inspection, the
arm of the spider can be classified on basis on locomotion
and movement. There are 3 joints in the leg of the spider
that gives it ability of motion. These joints are the femur
joint, coax joint and the tibia joint. The femur joint is the
joint that connects the body of the spider to its leg. It has the
responsibility to provide a swing motion to the leg to move
in a specific direction. The coax joint is an intermediate
joint. It has a motion of plane perpendicular to that of the
femur joint. The last joint is the tibia joint. It has the
responsibility of stability and maintaining the center of

Figure 1. Joints of insect [4]

B. Design of bionic systems
Bionics is an ever-growing field in robotics. Bionics is new
and relatively complex field in scientific technology and
research [1]. Bionics thus serves as a synergy between real
life and use of natural mechanism and imitate into electromechanical system [2]. This makes the design and control of
bionic systems more complicated and difficult. The bionic
systems illustrate a perfect synchronization between the
various sectors of engineering and real-life experience
exchange systems. The factors to be considered during the
analysis of a bionics system are shape and structure,
durability and toughness, manufacturing of components,
synchronization between these components, carrying out
multiple tasks. These factors greatly affect the formulation,
mathematical modeling, analysis and design and
development of the bionic system [3]. The application of
such systems is visible in mobile robots. One such robot is
hexapods that show great stability and agility in comparison
with other bionic robots. This is done by interpreting the
data received from various sensors and the sending a
command to actuators to produce the required action [4]

Figure 2. Hexapod with 18 servos
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C. Architecture of hexapod
There are two types of broadly classified architectures or
structural bodies of hexapod robots: rectangular and
hexagonal. Rectangular is one where the legs are distributed
on both sides of the body evenly, three legs on each side.
Hexagonal, on the other hand, is where the legs are
distributed in a circular manner [5].
As far as the simplicity and authenticity is concerned,
rectangular bodies are more common, due to its longitudinal
stability [6], simple structure which can accommodate and
has enough space for the Arduino board, battery and
sensors; and other additional components [7]. A rectangular
body has bilateral symmetry and thus more suited for linear
locomotion, but a hexagonal body has a knack for better and
easier turning action. Also, hexagonal body can easily
change direction, a major advantage being it has no
particular rear or front, and itis symmetrical from all sides
[5]. Thus, a hexagonal body gives better performance with
longer stability margin; easy steering in all directions [8]
and superior stride [9].
Another advantage of hexagonal body is that we can
manage with loss of one or even two legs (opposite,
adjacent or separated by one) more efficiently than a
rectangular body, in case in fault of working of the robot or
it busy with some other function. Even in such a case, the
robot body maintains its stability and balance [5].

into two section that include 1)bio inspired legs and 2) non
zoomorphic legs[14]. The bio inspired legs are derived
from a branch of robotics called bio-mimicry. It involves
imitating the joints and ligaments by mechanical joints and
linkage mechanisms. These types of appendages provide
more number of degree of freedom and higher stability [13].
The non- zoomorphic legs refer to electro – mechanical
movements of the system according to the need of the
system.The bio-inspired legs are further classified by leg
configuration. These include reptiles, mammals and
arachnid configuration. Reptile hexapod configuration show
high agility. They also have high capability for obstacle
avoidance without being detrimental to speed [10].In
mammal hexapod configuration, the center of gravity is a
level above from the ground. This makes the hexapod
unstable and not suitable for rough terrain [15]. In the
arachnid hexapod configuration, the femur joint is elevated
in comparison with the coax joint. This is also called as the
spider leg-like configuration.

Figure 5. Classification of legs of hexapod [3]
Figure 3. Rectangular base plate

This helps in weight distribution and eventually has a
positive effect on the torque. However, this configuration
lacks stability and hence is not suitable for uneven terrain
[11]. Another classification is on bases of the leg
orientation. This highly depends upon the type of base used
for the hexapod system. For rectangular hexapod system,
frontal or sagittal orientation is used. However, for the
hexagonal hexapod system, circular leg orientation is used
[12]
E. Comparison between 12 and 18 servo motors
1) hexapod with 18 actuators:The claws of these hexapods have 3 actuators, and their
degree of freedom is 3.
This allows it to climb stairs or obstacles easily.
Hence, we can conclude that it is performance efficient.

Figure 4. Hexagonal Base Plate

D. Leg classification, configuration and orientation
The design of legs /appendages is one of the important
components of the hexapod. The appendages are responsible
for factors like agility, stability on uneven terrain, energy,
torque required etc. the design appendages can be classified
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linkage therefore is compatible for bionic robots due to its
lesser number of linkages for movement purposes [21].
Though the mechanisms help in reduction of cost and
provide stability, the gait control of such systems in a bionic
robot is difficult.
III. RESULT
Taking in consideration all the observation, the below table
shows a comparison between all parameter along with
design consideration for the hexapod system
TABLE NO. 1 Result table

Figure 6. Claw with 3 servos

2) hexapod with 12 actuators:Hexapods are generally expensive machines as they consist
of many transmissions, actuators, sensors and even
hardware. Hence, to reduce the cost of the hexapods, they
are developed into hexapods using lesser number of
actuators. [17]
These Hexapods have claws with 2 actuators each and the
degree of freedom is 2.
Apart from cost efficiency, other advantages of these
hexapods are:
(1) Weight reduction in hexapod. [16]
(2) Lesser the actuators, lower is the probability of
malfunction. This improves the reliability of the robot. [16]
(3) As there is less actuator, less power is needed to run the
servos [18]. This improves battery life. [16]
(4) These Hexapods have a simpler control framework and
the processing time to drive them is also less. [18]

IV. CONCLUSION
From the results obtained from above, the following model
of hexapod is considered for the design. The leg
configuration is reptilian. The ball and stick model shows a
hexagonal base plate along with circular leg orientation with
18 servo motors.

Figure 7. Claw with 2 servos

3) Mechanisms for 12 servo arrangement
Theo Jansen mechanism, named after its designer, uses
rotary input for simulation of walking motion [19]. It works
well on artistic models and has been used for sculptures
called Strand Beest, yet it fails to move smoothly on rough
terrain. Klann linkage, when compared to Theo Jansen
linkage, is effective on uneven terrain and can be used to
move on stairs or rocks as well. It also uses a lesser number
of actuators as well as microprocessor compared to a normal
wheeled device [21]. The linkage is made of a crank, two
rockers and frame joined by pivot joints [20]. The Klann

Figure 8. Ball and stick model of hexapod
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Abstract— In our day to day lives generally the plates
are made of plastics which are harmful and cause
severe damage to our health and livelihood. India being
a rapidly growing economic country the pollution is also
on the rise. The plastic is one of the main facilitators
and contributor to this problem. Thus, this paper is
aimed at manufacturing and assembly of a pneumatic
paper plate making machine for a developing economy
which can be locally manufactured within an income
and expenditure that suits most small to medium
businesses.
Keywords— Ramming., Punching Force, Punch, Shear,
Percentage Penetration & Pneumatic cylinder.
Introduction:
Pneumatics is an engineering branch that deals with gas or
pressurized air. For applications program that falls under
the category where it needs smaller force than hydraulic
applications, and lesser money than that of electric
applications we can use the pneumatic system. Nowadays,
use of clean air is an energy source for most pneumatic
tools.
The compressed gas is then converted into mechanical
motion by the help of the actuator. The type of motion
produced depends on the actuator. In today’s fast world,
using of metallic plates and washing them sources time
waste, so to prevent this loss of time paper plate can be
used. In the rising economy, the requirement for
ecofriendly plates is in high demand. So, we need to
fabricate enough plates without losing money and time.
Hence, this project will help in saving time, money and
efforts. As we know India being with larger population
having not much individual investment capital for setting
hydraulic or electrical system, we can manufacture and
assemble a pneumatic paper plate making machine which
will most small to medium businesses. Normally we have
PC controlled paper cup making machines which are very
expensive and it’s not moderate for an emerging economy.
No matter how small a drop and how less a minute be, it
contributes to the ocean formation. Similarly, this paper
plate fabrication unit will subsidize efficiently in the most
environment friendly aspect. As we know with the rising
fuel costs, using hydraulic can be expensive thus pneumatic
will prevent deep hole in our wallets and therefore further
making our setup more economical. Also, to curb the use of
plastic and to successfully form a recycled and nature
friendly product we have a perfect system. Also due to the
current circumstances of the COVID-19 pandemic
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theunemployment rates are on an all-time high, so this can
also serve to provide employment as a semi-skilled labor
can also efficiently handle the apparatus.
Literature Review:
a. P. Goyal, 2015 - This paper states the plan of complete
piercing procedure through sheets of fabric or metal using
pneumatically controlled punching machine. Decrease in
punching power necessity being the fundamental point of
this venture work is acquired by alteration in punch
machine plan for example punch face’s arrangement of
shear. Therefore, it decreases the necessity of the punching
power. Furthermore, a model of the machine is created
based on estimations regarding punching power necessity.
In this machine, to move the punch device for doing
punching activity the packed air is used. And the air moves
out through the outlet of solenoid valve after the cycle’s
conclusion and that air goes to the environment. In future,
we can attach a component which can store this air and use
it again for the working of cylinder.
b. Chetan P. Sable, 2014 – This paper incorporated the
improvements of the paper plates. An economic paper plate
is a substance made out of paper and regularly fixed with
plastic to keep fluid from spilling out or drenching through
the paper. The base paper for paper plates is named Kraft.
This Kraft is covered with the merger layer of silver film.
This paper is then pass- through progressive phases of
rolling, and afterward gets injured on a roller. At that point
it is cut for required measurements (here 14x28 in). After
then this paper of required measurements is pass to the
press machine for giving required state of plate. The tasks
from taking out the roller of covered paper, cutting it for
required measurements and afterward moving it to the
press machine are done physically.
c. Girish Gharat, 2015 – This paper tells us the
application of the pneumatic system, there has been
increasing significance of the pneumatic system in most
recent couple of years. This significance can be reasoned
due to this system’s precision and lesser price. This deal in
working the pneumatic framework is the reason that we can
plan and manufacture this unit as our venture. This unit,
can be trusted that it will very well may work with good
efficiency with semi-gifted overseers. The working in low
pressure is an upper hand of the pneumatic press apparatus,
for example even 6 bar of pressure is sufficient for
working. And further as per our requirement the pressure
can be differed.

d. Girish Gharat, 2015 – This paper tells us the
application of the pneumatic system, there has been
increasing significance of the pneumatic system in most
recent couple of years. This significance can be reasoned
due to this system’s precision and lesser price. This deal in
working the pneumatic framework is the reason that we can
plan and manufacture this unit as our venture. This unit,
can be trusted that it will very well may work with good
efficiency with semi-gifted overseers. The working in low
pressure is an upper hand of the pneumatic press apparatus,
for example even 6 bar of pressure is sufficient for
working. And further as per our requirement the pressure
can be differed.
e. Anand Kumar Singh, 2017- As indicated in this paper
pneumatic utilization in designing machines either in
environmental or above atmospheric pressure. The
hydraulic system rule of activity is similar to pneumatic.
The mechanical energy is drawn from air compressor
mostly, pressure energy of the compressed air. The
stockpiling, transmission and control of energy is
encouraged. After compression, the compacted air is ready
for our desired work.
f. Karan Dutta, 2013- Various kinds of pneumatic
machines and components alongside their advantages and
drawbacks are studied from this paper. At some factors
such as monetary, safety and reliability the pneumatic
machines can provide power comparing that of electric
motors and actuators.
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connectors and hoses. As mentioned earlier the high
working pressure is provided by the compressor while its
flow suppressed or reserved by the flow control valve. The
highly compressed air then passes through the direction
control valve. The objective of the working of the
apparatus thus far is to drive the cylinder and regulate its
sense of direction of movement.

Hardware:
a. Compressor -

g. T. Jon Babu, 2016 – He found out that a higher range
of sheet thickness can be cut by varying the cutting forces
which can be obtained by changing the pressure of
compressed air and by adding more accessories this
equipment.
Methodology:
regulated by the punch guide who makes sure the punch
reaches the die where it is supposed to. The punch guide is
also a fixed component of the apparatus. The constituents
which are to be punched (in this case paper) is placed the
middle of the punch and die. The downward motion of the
piston shears the material into the desired contour. The
stream of air through the given input comes out of the two
outputs. There is a high atmospheric pressure at the bottom
dead center and thus when the hand lever is pressed
accordingly the blank passes on through the die clearance.
When the piston is extended up to its extreme limit of
stroke length the air exits through the exhaust valve. Such
continuous passage of compressed air and the to and fro
motion of the piston using hand lever regulates the intricate
working of the given apparatus in order to give the desired
final product. The cycle is repeated till the requirement of
the user is met.
The pneumatic system uses energy which is usually stored
in the form of compressed air. The allowance for the
passage of compressed air and for it to extend originates
the working energy for the existing pneumatic system. To
generate this working energy which is essential to get the
required work done, there is a requirement for an apt device
which provides an air tank with ample amount of air at a
working pressure. The device used by us which fulfills the
mentioned requirement is a positive displacement
compressor [A brief description is provided about the same
in the hardware section.]. The apparatus for the formation
of paper plate/cup making machine comprises of the
pneumatic punching machine, die cup, screw rod, top plate,
base plate, direction control valve, flow control valve,

Fig No. 2

In this working model the piston and the punch are the
moving components. The die is the immovable part as it is
screwed up at the base of the setup by screw bars. The
variation in the height of the base can be achieved as per
convenience of the user by turning the screw rod. A
punching action is performed where the punch punches the
paper over the die. The plate can be taken out and the
following paper can be put over the bite the dust for the
following cycle. A cyclic progression can be followed as
the plate is removable and where another paper is replaced
to be punched thus the same action being implemented on
it. The desired working pressure is found to be in the
vicinity of 8 to 10 bar for the passage of the compressed air
through the hand lever worked valve with one input. The
mentioned hand lever valve has two output pressures.
These pressures are responsible for the movement of the
piston from the Bottom dead center (BDC) to Top dead
center (TDC). This force acting is given to punch which
likewise moves downwards. Due to this movement of the
piston, a force is imparted into it which in turn transfers it
on to the punch during its motion. The movement of the
punch is wisely
To get a better desired pressure a machine is used which
compresses air or another sort of gas from an inlet pressure
(usually atmospheric) This desired pressure is
accomplished by reducing the volume of the gas. Air
compressors are generally positive displacement units.
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b. Pneumatic Cylinder These are the mechanical devices that produce a force in a
reciprocating linear motion by using the influence of
compressed gas. Fig.No.3 shows a pneumatic cylinder.

Fig. No. 3

Selected pneumatic cylinder is listed: Cylinder
Diameter
Stroke
Used
of bore
Length (L)
Double Acting
50 mm
100 mm
Cylinder
c. Direction Control Valve The proper direction to the working fluid for extension and
retraction of the piston in cylinder is obtained with the
device called direction control valve.
Fig.No.4 shows direction control valve selected and shows
mechanism of operation.

c. For Return Stroke
Force = [Area of piston – Area of piston rod]
= 40000 × [1963.5 - (

= 40000 × [1963.5 – 314.15]
= 40000 × [1649.35]
= 65.79 N
d. For Working Pressure
Extending Force = 78.54
Retracting Force = 65.79 N

For designing purpose, we use SolidWorks software and once
we are done with the design part for material of die and punch,
we needto analyze the strength, toughness, etc. using ANSYS.

I.

Tentative Design of Die & Punch
a. Die

d. Polyurethane tubes For pneumatic fluid i.e., compressed air transmission the
polyurethane tubes are used. Combination of the simplest
properties of both plastic and rubber are found in the
Polyurethane. Abrasion and tear resistance, high tensile and
elongation values, and low compression set is offered by
this.

Fig No. 5

b. Punch

Frame is that a rigid structure to support the pneumatic
cylinder &;
Bed is a flat base or foundation on which handling the
fabric to be punched.
Calculations:
a. For Forward StrokeFor 50 mm bore diameter
Corresponding Piston rod diameter = 20mm
Area of Piston =
=
=1963.5 mm2
b. Using 4bar
Force to be exerted = Pressure × Area
= 40000 × 1963.5
= 78.54 N

N

Design:

Fig No. 4

e. Bed and Frame-

)]
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project is economically possible in all aspect, and paper
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Abstract—Jellyfish are energy-efficient swimmers due to the
muscle-powered flapping of their soft bell-shaped body that
facilitates a unique energy recapture mechanism by the help of
vortex creation. This project aims to develop a mechanical
jellyfish that depicts the same movement of that of a real jellyfish
with a high propulsive efficiency. We achieved this task by
designing a very unique form of mechanical propulsive system
with the help of a deployable mechanism. This deployable
mechanism will help the jellyfish contract and expand the body
of the jellyfish by creating a momentum which will help the
jellyfish propel through the water in an efficient manner.
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stroke, a low pressure vortex is created near its cavity which
pushes water molecules inside the jellyfish providing an
extra bit of momentum. This supplemental thrust along with
the power generated during the contraction of the bell-shaped
structure enables the organism to travel with much higher
efficiency as compared to other marine animals.

Keywords—unique propulsion, deployable mechanism, vortex
creation, mechanical jellyfish

I. INTRODUCTION
There has been a significant interest in development and
study of underwater vehicles over the past few years.
However, the designs of such underwater vehicles have been
limited to only a certain number of functions because current
technologies suffer from significant limitations, such as
maintenance requirements, propulsive efficiency being low,
high cost, and insufficient lifetime and range etc. Therefore,
the aim of our project is to build such a design which is
simple, cost friendly and small in size so it can easily be
transported which in turn will provide us with such a design
which will have a high propulsion rate and will also be
environmentally friendly.
A. Background
An autonomous mechanical jellyfish is an unmanned
submerged vehicle having propulsion technique similar to
that of a real jellyfish. The main structure of the jellyfish is
an external bell shape that is flexible and able contract and
expand its body in order to propel forward. The key to
jellyfish pushing are bell contractions and vortex ring
formations. Bell contractions reduce the size of the bell
cavity causing excess water to be pushed out in a manner
similar to a jet propulsion.
B. Exact mechanism of a jellyfish motion
CFD analysis of the wake produced by expansion and
contraction of jellyfish has shown that during the expansion

Figure 1: Vortex Creation in Jellyfish taken from J. Gemmell, “Passive
energy recapture in jellyfish contributes to propulsive advantage over other
metazoans” [1]

As seen in Figure 1, the red and blue spots depict the
production of vortices in clockwise and counter clockwise
directions. If one was to focus on the curl present on the edge
of the jellyfish‟s bell, it can be understood intuitively as to
how these vortices are being produced in water.
II. NEED
A. Importance of project
The demand for underwater autonomous vehicles has
only increased over time. With the development of new
technologies underwater vehicles are being used for
achieving more and more number of tasks ranging from its
use in military, civil as well as commercial applications.
Military use these underwater autonomous fishes and even
alligators for surveillance and to achieve numerous other
tasks. Commercially it is used in gas and oil industries for
sea floor mapping, detecting leakages etc. It is also widely
used for various military missions such as detecting
submarines, discovering underwater mines and bombs, and
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monitoring protected areas for unidentified objects and
enemies. Other uses include studying the ocean floor and
animal habitat, discovering chemical agents, and conserving
microscopic life.
Over the past few years there have been a lot of
underwater pipeline leakages/failure that has caused serious
irreversible damages, deaths, ecological disasters and
immense financial loss. On August 12 2015 an oil pipeline
exploded underwater in moskva river in south of Mexico
which caused a fire that rode 200 meters into the air which
caused immense ecological damage estimated at around
$464,000. Military has relied on remote controlled vehicles
(ROV‟s) for more than a decade. Theses vehicles are sent in
dangerous zones or contaminated zones for inspection where
if a man enters can lead to death. These are a few examples
of incidents that have caused a lot of damage. Due to this we
need such a vehicle that is cheap and involves minimal
supervision and environmental friendly cause most of these
vehicles cause pollution in the sea.
The motivation of this project was found while finding a
solution to the problems faced above that requires a very
good technological innovation. Most ROV‟s have a very
slow propulsion mechanism and our main aim is to provide a
most efficient propulsion system.
B. Scope of project
People think jellyfish are described as incompetent
swimmers. In fact, jellyfish have been shown to be one of the
most energy efficient swimmers with an efficiency of up to
90%. This indicates that the jellyfish-like swimming will
have a noticeable propulsion advantage. Therefore, the
movements of jellyfish have attracted great interest over the
past few decades in the context of an underwater craft
inspired by the living.

7) Discover more and more about the earth underwater.
C. Summary
Not only having a wide range of applications this project
will give a unique solution for the propulsion mechanism.
With the help of biomechanics and servo motors we will
make an artificial jellyfish with resembles a real one. After a
deep group discussion we have considered using or depicting
a motion of a jellyfish because it not only is very efficient
but it also consumes a very small amount of energy to move
forward. By mimicking a jellyfish we can use its body as
payload carrying zone for number of sensors. The major
advantage of creating an artificial jellyfish is to keep the
weight low so that the structure itself is neutrally buoyant.
III. LITERATURE REVIEW
A. Findings
We studied the applications of autonomous and robotic
controlled underwater vehicle technology in various different
fields. Referring to various papers we learnt about the current
technologies and innovations that have taken place in the
past few years. Initially research was conducted on how a
jellyfish moves, feasible materials and methods to recreate
jellyfish movement, materials to use for building a neutrally
buoyant vehicle, ways to change the depth of a UUV,
navigation systems for UUV‟s, and power requirements
necessary for the vehicle to operate[2].
We learnt how unique propulsion can affect the output of
the vehicle. Studying the exact biological structure of the
jellyfish and how it propels by creating vortices helped us
enhance our design to achieve the same exact motion.

This project will provide a great, cost friendly solution to
many different fields military or non- military. Locations
could vary depending upon application. From monitoring the
under-sea environment, sensitive areas such as oil- gas
production, nuclear power plants. As most of the underwater
vehicles small or big like submarines cause turbidity,
pollution,
noise,
entanglement
risk;
producing
electromagnetic fields causing reserve effects. Therefore
having such a pollution, environmental friendly solution is
important. Based on our research the following impacts of
our problem have been identified.
There are number of benefits of this remote controlled
device1) it can be used in aquaculture which can help us take
full control over the fish farms by monitoring and ensuring
a healthy fish stock.
2) Dam inspection or pipeline inspection so divers are
not at risk.
3) Widely used by military and the navy for a wider view
of danger hidden in the sea, especially during high tides.
4) Research by scientists under the ocean for detction
and search.
5) Routine inspections of oil, wind, gas infrastructure
under water or emergency tasks needed to be performed for
long hours.
6) Inspection of boat vessels.

Figure 2: Stages of a jellyfish‟s propulsion and resulting vortices taken from
[2] Professor Michael A. Demetriou, Professor David J. Olinger (march 7
2009) “Design of a Mechanical Autonomous Jellyfish”.

The main advantages of this project are its simple design,
low cost, wireless system and easy controlling. Applications
of this robot are underwater environmental monitoring,
oceanography
survey,
telecommunication
support,
underwater life inspection, pipeline and subsea structure
inspection, debris inspection [3]. However the uses of
underwater vehicles are wide the task performed with it are
limited because of major limitations such as range , cost and
not having an efficient propulsion .We also learnt about
different kinds of navigation systems and how we can use
actuators for propulsion. The major goal of our research was
to design such an efficient mechanical jellyfish that has never
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been done before. Previous work shows Initial attempts to
build robotic jellyfish have used either shape memory alloys
(SMAs) [5] [6]. In 2009, Yeom et al [7] developed a
biomimetic jellyfish robot based on IPMC actuators. The
robot did not swim freely; however a floating controller was
used to maintain neutral buoyancy [5].
The most commonly used underwater equipments cost
70,000 dollars. The authors of these papers were able to
identify all the limitations regarding the system. This led us
to a conclusion of how propulsion is one area where work
needs to be done. The common designs of autonomous
jellyfish were explained and we were able to come up with
our own design approach concluding that the design should
be simple, easily manufacturable. It was further noted that
cost planning is an important issue to be solved.
These designs can perform a number of tasks with the
help of sensors. We learnt how arduino is used to control the
underwater jellyfish. A six bar linkage mechanism is used to
control the propulsion of the jellyfish with the help of
contractions and expansions. The motion of each linkage
where calculated mathematically. Coordinate system was
used to perform dynamic analysis on the six bas mechanism.
Using an arduino and connecting it to an android phone via
Bluetooth was a good way to communicate with the vehicle.
Many experiments and tests were done to analyze which
motion was the best for the jellyfish structure. Different
motions like rotation, maneuvering, turning, horizontal and
vertical were studied and calculated with the speed.
Even a robust algorithm related to an autonomous
underwater vehicle (AUV) was proposed to improve the
supervised missions [9]. Studying the different block
diagrams we got to know how the different navigation
system works and their components. With the help of
literature review and by reviewing couple of papers we
focused on the conceptual design of our jellyfish. Studying
about what the industries need right now and what will help.
IV. DESIGN AND METHODOLOGY

Figure 3: Preliminary Mechanism of jellyfish propulsion

The mechanism houses 6 kinematic links with revolute
joints. A diaphragm is attached to the cavity formed in the
mechanism which will expand and contract simultaneously
with the mechanism and will direct the incoming and
outgoing flow of water. The two end effectors rotate inwards
when the mechanism expands and alternatively rotate
outwards when the mechanism contracts, facilitating the
formation of vortices. This aspect of the design is crucial as
it separates it from conventional design and renders it more
efficient.
B. Degrees of freedom
Applying Kutzbach criterion of Plane Mechanism, we
have:
Number of Links (l) = 6
Number of joints (j) = 7
Number of Higher Pairs (h) = 0
n = degree of freedom
Where, 𝑛 = 3(𝑙 − 1) − 2𝑗 − ℎ
Therefore, 𝑛 = 3(6 − 1) − 2 × 7 – 0 =1

A. Design of mechanism
Keeping the above motion in mind, a particular class
of mechanism had to be chosen that could elongate and
shrink alternatively, like the outer body of a jellyfish.
Deployable Mechanisms are essentially rhombuses that are
capable of producing the aforementioned motion. The task
remains to modify it in order to suit the need of vortex
production.
The addition of end effectors in the deployable
mechanism could accomplish the task of vortex production,
provided that they are constrained and in synchronization
with the harmonic motion of the deployable mechanism. We
proved the efficiency of this mechanism with the help of
CAD modeling done in fusion 360.

Figure 4: Movement of Mechanism occurring in propulsion

C. Working model
The above presented mechanism operates in 2D and is
actuated by either linearly oscillating the joint formed by
intersection of links in the centre or by rotating the left or
right link as shown by the arrows in figure 3. Being a planar
mechanism, it won‟t be suitable for practical application. To
solve the problem, we can extrude the mechanism or simply
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add a parallel arrangement to produce motion in three
dimensions.

Figure 4:Assembly of Mechanism

Figure 8: Orientation after rotating the right link and keeping the bottom left
end effectors fixed.

D. Cad modelling
The cad modeling was done on fusion 360. We created
different parts such as the linkages, the rods etc. Using the
mating tool the assembly was achieved. The cad modeling
made our idea to life. Rendering and stress strain analysis
was done and this proved that our mechanism was correct
and it will work efficiently. Below the images of our cad
model have been shown.

Figure 5: Expansion Stroke
Note: Notice the 4 end effectors in the mechanism and their orientation.

Figure 6: Contraction stroke

Figure 9: Assembly of the mechanism is shown, the different colors depict
the different links attached as mentioned before the end effectors turn
outside while expansion

Note: The end effectors turn outside as the mechanism contracts

Figure 7: Turning method-Initial Orientation

Figure 10: This shows the expansion of the mechanism all the rods
connected can rotate to allow smooth movement of the mechanism
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Figure 11: This shows the contraction of the mechanism

The other components such as servo motors, sensors can
be attached and enclosed within the cavity. The cad
modeling helped us effectively design our mechanism and
showed us how to modify it more. Using fusion 360 helped
us save all our steps and our improvements respectively.

Here, V=rω

V. MATHEMATICAL MODELLING OF SYSTEM

At any point on „r‟

A. Let the link ‘L’ be rotated by an angular speed of ω
then link x is rotated by the same angular speed in
opposite direction.
dθ
dϕ
=………. (1)
dt
dt
Where,

ϕ = α - ωt
θ = θ0 + ωt

At time t=0 and θ = θ0

π
2ω
π
θ = 0 to
2
t = 0 to

The components in „y‟ direction cancel out and we get,
Vx = 2v(r) cosθ
V(r,t) = 2ωrcos(θ0 + ωt)
Increase in velocity due to link „x‟
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At t=tf

1) Volume of water enclosed at t=0 is
V1 = A1w + A2w
V1 = w[L2sinθ0cosθ0 + 2Lxcosαcosθ0 – x2sinαcosα]
At any time instant„t‟
V1= 2ωL (cosθ)…….. (2)

2) Volume of water enclosed at the end of the cycle
where t=tf

From continuity equation
A1V1=A2V2
From figure above, A1 and A2 have equal width „w‟
therefore after cancelling the width from both sides and
substituting we getV2 = V1

Lcosθ
Lcosθ-xsinϕ

…….. (3)

Therefore, exit velocity of the jellyfish is:-

V2 = w[ L2 sin[θ0 + ωtf] cos[θ0 + ωtf] + 2Lxcos[α-ωtf]
[cos (θ0 + ωtf)] – x2 sin(α-ωtf) cos(α-ωt)]
3) Mass of water expelled out during one cycle
Δm = δ * [V1 – V2]
Δm = δ * [ L2 { sinθ0 cosθ0 – sin (θ0 + ωtf)cos(θ0 + ωtf)}
+ 2Lx {cosα cosθ0 – cos (α-ωtf) cos (θ0 + ωtf)}x2{sinαcosα + sin (α-ωtf) cos(α-ωtf)}]

Vex =

2ωL2cos2θ
(Lcosθ-xsinϕ)

:-

Vex =

2ωL2cos2(θ0 + ωt)
……… (4)
[Lcos(θ0 + ωt) - xsin(α - ωt)]

dm
dv
=δ
dt
dt

B. Mass or volume of water acted upon by the system in
one cycle
At t=0

4) At any time instant rate of water being expelled out

dθ
dϕ
+ 2Lx (-sinϕ)cosθ
+ 2Lcosϕ
dt
dt
dθ
dϕ
(-sinθ)
- x2 (cos2ϕ)
]
dt
dt

= δ w[L2cos2θ

Now,
dθ
=ω
dt

Therefore,

dϕ
= -ω
dt
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dm
= δ w[ωL2cos2θ + 2Lx sinϕcosθ(ω) + 2Lxcosϕ
dt
(Sinθ) ω - x2 (cos2ϕ) ω]
At any time Vex =

2ωL2cos2θ
from (4)
(Lcosθ-xsinϕ)

Where θ= f(t) and ϕ= g(t)
5) Force is calculated by -:
F(t) = m(t) * at = ṁ(t) * v
dm
F(t) = (
) * V(t)
dt t
VI. OBJECTIVES
a)

The main objective of this project is to
efficaciously design this mechanical jellyfish in
such a way that it has greater propulsion efficiency.
b) To design this mechanical jellyfish in such a way
that it bear a resemblance to the actual real jellyfish
in the sea.
c) As there are lots of underwater vehicles made in
the past few years but none of them are ecofriendly and most of them damage the environment
and can also cause harm to sea-animals. Therefore
to establish such a mechanism that causes least to
no harm to the environment is our next goal.
d) As the area of applications is so wide we try to
focus on the propulsion mechanism so that this can
be used to operate in other underwater vehicles as
well.
e) Lastly to ensure that it is cost efficient as these
vehicles can cost one millions of dollars.
VII. RESULTS AND DISCUSSION
The design proposed by us proves to overcome a few
challenges faced by the underwater vehicles and proposes a
good solution to the current technological drawbacks. This
design will give us a unique propulsion system that has never
been used before and works efficiently giving us a high
propulsion rate. The developments made are under the
domains of manufacturability, cost reduction, design
simplicity and environment friendly causing no harm to seaanimals. In terms of design the earlier designs used complex
structures and heavy machinery which caused the cost to rise
up. The propulsion of the earlier structures was very low and
huge which makes navigation difficult in small areas. There
has been a significant reduction in cost as well, these remote
controlled vehicles made before cost a million of dollars.
Therefore the design proposed by us is efficient and
overcomes most of the drawbacks.
The CAD modeling provided us with a perfect design
that resulted in manufacturing of our system. After
manufacturing we could finally conclude that this design can
be used to increase the propulsion rate. The different kind of
sensors used can help perform different type of tasks. As
earlier mentioned the tasks performed are numerous and
there are lot of different fields where this artificial jellyfish
can be used.

This design creates the same motion as a real jellyfish
creating vortices and pushing the water behind to propel
forward.
VIII. CONCLUSION
The design that has been proposed proves to be efficient
and overcome the drawbacks faced by the current
technologies. The design complexity of the earlier
underwater technologies has been a major drawback and that
is overcome by our simple but very efficient design.
Underwater vehicles have an efficiency which is very less
but our design has great propulsion efficiency. So by this we
can conclude that our design is not only cost efficient but it is
also able to replicate the same motion of that of a jellyfish.
The propulsion is achieved by using a deployable
mechanism. The outer body of our jellyfish is made up of
this silicon material that depicts the outer body of a jellyfish.
The links of the mechanism create the same motion and are
able to create vortices which help the jellyfish propel further.
All the motors, sensors and wires connected will be enclosed
within the body in such a way that it is not exposed to water.
The jellyfish will be controlled via a Bluetooth remote
controlled device. We will achieve this by making the
communication wireless. Arduino will be used for
communication. The analysis can be done with the help of
sensors and actuators. All the necessary factors are achieved
by our design which makes it even more unique. It also has a
wide range of applications mentioned in the paper earlier.
IX. FURTHUR DISCUSSION
We can further develop this project in terms of number of
tasks performed. One of the ways is making the jellyfish
autonomous by using raspberry pi. Enhancing this project for
different fields and specific tasks can be achieved. For future
study we can focus on the navigation system which is one of
the drawbacks in the current technologies. By making sure
that the communication can take place easily underwater
trough great lengths. By attaching expensive cameras and
sensing devices to widen the applications of this device.
As mentioned earlier the number of applications is very
wide. From military to commercial use. Our project will
work great for military applications as it is compact and
having a better propulsion efficiency compared to other
devices, navigation in dangerous areas such as mines etc or
for surveillance it is of great use. Being compact and reallike this can blend in the ecosystem underwater not causing
any harm to the fishes and sea-animals. Majorly it cause no
pollution. Because of its size it can travel through small
places where people cannot enter.
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Abstract—In manufacturing of heavy metal bodies especially
bulky dies it is required to lift the entire object from the floor
level before it is placed on machining table. Manual lifting of
heavy objects causes several backpain problems. The
conventional tools being used in industries lack flexibility of
usage. The industrial mate is semi-automatic device that
utilizes basic robotic and mechanical principles to easily
elevate the bulky objects off the ground without any external
support required. It is mounted on a wheel carrier and
completely powered by battery source. Hence it is portable
and can be handled easily
Keywords—Scissor lift, backpain, vacuum, gripping,robotics,
heavy load, portable, compactness, flexible, power screw,
efficiency, design, system.

I. INTRODUCTION
In recent years in the world of industrialization
there has been a lot of research in the field of manufacturing
and robotics. Emphasis has been put up on the robotics &
automation world to ensure a quick, safe and easy working
in the shop floor of the commercial industries of
manufacturing. Now as the world is moving towards
automation, industries are getting equipped with more
advanced systems in order to reduce human efforts and time
utilization and to increase productivity and safety of
workers. The main focus of the project is to provide
assistance to the workers working on the shop floor such
that they get a better working experience with reduced risk
of injuries.
II. PROBLEM DEFINITION
In this era of innovations, world is looking forward to
industry 4.0 and robotics is an important factor
responsible. We often tend to forget that manufacturing
can be a dangerous industry, there are always chances of
health hazards and injuries to the workers working on the
shop floor. Most of the non-fatal injuries happens due to
the lifting and mishandling issues. According to the Bureau
Labor of Statistics, in the last recorded year, there were
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approximately 2.9 million non-fatal workplace injuries and
illnesses reported by private industry employers. In order
to ensure safety and wellbeing of workers by providing
help to lift up the load from the shop floor and to elevate it
to a specific height, we need to develop a solution that can
do the needful.
III. RESEARCH OBJECTIVES
The main focus of the project is designing of a basic
solution for the lifting of heavy objects and hence the
proposed device has to be manually controlled by a human
operator. However, in the future the device has the ability to
be made completely autonomous by using microcontrollers
and program logics to control the movements and functions
of the system. Such that it can locate the object that is to be
lifted, carry it to the machine table, lift it up and place it on
the machine table according to the inputs given to it. The
complete automation of the product will lead to better
compatibility with workers and improved work efficiency.
IV. REVIEW OF LITERATURE
Rajat. R. Wade ref [1] "Battery Operated 3 Wheel Drive
Forklift for Industrial Warehouse" To enhances the
technology, this forklift is made with remote technology,
there by the operator will walk at the side of the selfpropelled vehicle. This will increase the protection of the
operator. The new design offer two feature: one is that in the
forklift the lifting operation is done by hydraulic bottle jack,
and another feature is that the new forklift is more
compact.The main advantages of using this is to easily
handle heavy load by only pressing the jack. It increases the
productivity because no external source like battery or wire
is attached. We came to conclusion that manual hydraulic
lift is the only way to stop such industrial issue like skill
operator are not required, heavy load handling and also
advantage of this forklift is most efficient, cheap for cost
&increase productivity.
Lobo Allwyn ref [2]" Design and Development Of
Mechanical Forklift"Designing and manufacturing forklift
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equipment for small scale industries which is less costly and
small in size and which can be used for lifting and
transporting huge boxes, raw materials, cylindrical sections,
etc. The development of this forklift assures the ergonomic
comfort to the operator or worker and reduces time required
for manual lifting and handling. It lifts the maximum load of
200 Kg at maximum height 1250mm.
A. K. Jaiswal [4] " Vacuum Gripper: An important material
handling tool "Varieties of robotic grippers are developed
with high flexibility and multi-functional approaches. In this
paper, the study is an innovative approach of a gripper for
handling variable size, shape and weight of unpacked food
products i.e. ‘Vacuum Gripper of Robots’ which is working
on Bernoulli Principle for generating a high-speed flow
between the gripper plate and product surface thereby
creating vacuum. The main objective of this report is to
highlight the importance of vacuum gripper in industrial
applications. In this paper, by comparison to the human
hand, a robot's vacuum gripper is very limited in terms of its
mechanical complexity, practical utility and general
applications. Vacuum gripper is fruitful for the, objects of
very different shape, weight, and fragility can be gripped,
and multiple objects can be gripped at once while
maintaining their relative distance and orientation. The
prime interest of this paper is to explore the utilities and
advantages of vacuum gripper with its applications for
different product type manufacturing robot application’s
industries. So, the industry performance can be increased
and which would decrease the cost of the product effectively
Timothy Bernard [5] "Design and Performance of a MultiPort Robotic Suction Gripper"This paper presents the m
gripping performance characteristics of a vacuum-based
robotic gripper. The gripper uses multiple ports with
attached commercial suction cups to grasp objects from a
variety of directions using suction power. The valves remain
closed until opened by a hinge-based mechanism, in order to
eliminate vacuum leakage. Instead of molding cups around
the selected object, our gripper prototype projects suction
force in four directions using suction cups connected to
gripping modules. Future research may be done on what and
how different types of passive valve mechanisms perform in
terms of blocking leakage and simplicity of activation.
Finally, while the valve mechanism was implemented for
this specific gripper design presented in this paper, we
believe that it can successfully be used on other gripping
designs as well.

A. Suction Gripper Module:
It is an assembly of multiple plates on which suction cups
are mounted which is directly connected to the pump or a
compressor generating the necessary amount of vacuum
pressure, using which workpiece can be gripped properly.
The plates are held up by round pins in straight slot over
the push arm plate so as to allow turning and linear motion
to a particular limit. Such arrangement is done deliberately
for plates to be self-adjusted according to the curvature of
the workpiece so that it can be held firmly. Guiding pins
supported by springs are used to restore the position of
plates after removal of workpiece.

Figure1: Overview of model

B. Extender Arm Module:
Basically, this mechanism is incorporated in order to push
or pull the workpiece over the carrier. It has a push arm
which is connected to the square threaded nut which is
been properly guided through the uplift table and can move
over the square thread shaft powered by DC motor. On the
other end of the arm pushing plate is attached on which
gripper plates are supposed to be mounted. When the
gripper plates get attached to the workpiece with means of
suction cups the push arm is led backwards placing the
workpiece on the carrier and after the carrier is elevated to
the required height the push arm extends forward
transferring the workpiece on the work surface.

V. METHODOLOGY
Our solution for the problem is robotic device
made-up of various subsystems which would work
synchronously in order to achieve the required objectives.
This machine would consist of various elements and
mechanisms each of which is explained in detail:
Figure 2: Cam Mechanism

C. Uplift Table Module:
This assembly consists of a lift table on which the
complete extender arm module is placed and there are
guides created for extender arm to freely move over it. The
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table is placed right above the scissor lift assembly
supported by 4 guide posts. Roller followers mounted on
the extender arm moves over the linear cam that is attached
on the scissor lift table since the extender arm is
constrained within the uplift table as the roller ascends the
cam the entire uplift table with the extender arm rises in
upward direction to a certain height. This serves purpose of
providing small initial lift while placing the work material
over the carrier so that it gets over the carrier properly.

are mounted for smooth movement of workpiece and due
to the slope, the effort on the system will also get reduced.
Forward slope is provided so that workpiece can be
ramped up on the rollers easily. The L shaped arm is firmly
attached to the main body (scissor lift table) by means of
welding or bolting.

Figure 5: Carrier armmodule

VI. CALCULATIONS

1) Design of scissor lift
Figure 3: Uplift Table module

D. Scissor Lift Mechanism:
It consist of assembly of table platform connected to stack
of crisscross metal supports that work in a scissor like
fashion when allowed to move in a vertical direction due to
such a structure as it expands it tends to lift up the entire
table above it and when contracts it lowers down the table.
This particular motion is controlled and executed by using
another power screw shaft coupled with DC motor. The
main objective of this mechanism is to elevate the entire
machine from base level to a particular elevation from
where the workpiece can be easily pushed on the worktable.
This mechanism is the most important and critical one with
design perspective since it has to carry maximum load and
will be acted upon by moments so balancing is going to be a
major concern here.

Figure 4: Scissor Lift Mechanism

E. Carrier arm:
It is Basically a L shaped arm attached to the main body.
The base of the L plays the role and the design has its own
significance. The base of the L has a slightly backward
slope towards the rear (Bend)and a slightly forward slope
towards the front end on the backward slope side rollers

Scissor lift is the most crucial part for designing as per our
consideration it has to bear with various dynamic moments
and forces and has to balance them in order to keep the
system stable even while in operation. Talking of which its
design consists of
Determining overall range elevation
Static and Dynamic force analysis.
Designing Rectangular cross links.
Designing C Channel
Designing of Roller and its pin

With a cross link element of length 550mm it can elevate up
to 330mm
Initial consideration:
Minimum compact height: 200mm
Maximum expand height: 530mm
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200

30

0.6283

520.406

300

30

0.9425

557.791

400

30

1.2566

610.1242

500

30

1.5707

677.3787

Data from static analysis: -

Static analysis
Static analysis of scissor lift locked at an angle 45°
Model has symmetricity about X-X axis, therefore
RC=RD, HA=HB and VB=VA
Considering that a Max load of 500N acts on the system in
Y direction
We can apply equilibrium conditions
∑ Fy= RD + FA= 500N
∑ Fx=0; ∴F = HA where F is locking force exerted by lead
screw.
∑ Ma =0;
RD*550*cosθ
=
[250*(550/2)
*cosθ]
+
[250*(550*cosθ+160)]
Considering, θ= 45°
∴RD= 477.83N & VA= 22.17N
Since similar adjustment is done on the adjacent side so the
reactions get distributed
RD=RC= 238.915 N
VA=VB= 11.085 N
now let us apply Equilibrium condition at node D,
FC*sinθ= RD
Considering, θ= 45°
FC = 337.8768 N
FC*cos (45) = F = 238.915 N
Total force = 477.83 N
Dynamic Analysis
It can be done using Work-Energy Principle,
Force to be lifted = 500 N (50kgf)
Speed of motor(N) = 150 rpm (assumed)
Radius of lead screw shaft = 30 mm (assumed)
V = r*ω = 0.03 m * [(150*2π/60) r/s]
V = 0.471238 m/s
∴ΔKE= KE2 – KE1= [0.5*50*(0.471238)2] - 0
ΔKE= 5.5516 J
Work done externally = F*s = F * 0.33
Work done against gravity = m*g*h = 50*9.81*0.33
Total work done = Change in Kinetic energy
F (0.33) -(50×9.81×0.33) = 5.5516
Total force FT= 507.32 N
∴each side F= 253.66 N
Data from Dynamic analysis: N(rpm)

r(mm)

V(m/s)

F(motor) (N)

75

30

0.2317

494.705

150

30

0.4712

507.352

θ

RD

RD/2

VA

FC

F

20°

452.39

226.2

47.61

661.35

621.46

30°

458.98

229.49

41.02

458.98

397.49

45°

477.85

238.92

22.15

337.89

238.92

60°

520.45

260.25

-20.45

300.48

150.24

70°

587.64

293.82

-87.64

312.67

106.93

75°

655.99

327.99

-156

333.05

86.19

Conclusions drawn from Static and Dynamic Analysis: 1. As θ increases, load on the rollers on front end increases
and that on the fixed support decreases. After θ crosses 60°,
the direction of VA reverses and starts increasing.
2. The compressive forces on scissor links are initially very
high but it starts decreasing with increase in θ, after 60° it
again starts increasing under the action of vertical load.
3. F (motor force) is also initially very high, but it decreases
as θ increases.
4. From dynamic analysis we come to know that initially
motor has to rotate with higher velocity in order to generate
high forward thrust but as the angle increases velocity of
motor can be decreased.
5. In other words power consumption of motor is initially
high and it decreases as the angle increases.
6. Maximum thrust force required from the power screw is
approx. >630N at a speed > 400rpm

2) Selection of Motor

Type = DC motors
Torque required = 1774.9 N-mm ≈ 2 k.N-mm, (Reference to
Power screw design)
Speed requirement calculation: Lead = 6 mm in one revolution
∴For covering 400 mm → approx. 67 revolutions
Considering we need to cover this within 1/4 of a minute
∴ In one minute= 67 * 4 = 268 ≈ 300 rpm
Power = T * N = 2 (N-m) * 300/60 (1/s)
Power = 10 W
Hence motor required for specification of 10-Watt (rated
power)
speed: 300 rpm
Torque: 2 Nm
Model available: RS-775
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3) Calculations and Design of Vacuum Cups
Vacuum cup design is based on the following parameters
such as load, vacuum pressure and cup area.
For our application we want to move the load horizontally in
axial direction,
Total maximum load = 25kg
Theoretical holding force is given by,
FH = m*[g+(a/μ)]*s
Where,
m= 25 kg
g= 9.8 m/s.
a= acceleration of required motion
As we have already calculated lead velocity of screw
V= 30 mm/s
assuming it takes 3 sec to reach this velocity after load is
attached.
a= (v-u)/t = 0.01 m/s2
And μ is coefficient of friction between suction cup and
drag surface, now since we are moving the work over a
roller platform,
assuming μ= 0.2
s = 1.5 (Factor of safety is considered this for moving load
application)
FH= 25*[9.8+(0.01/0.2)]*1.5
FH= 369.75 N, Holding force required.
Now recommended vacuum levels for metal surface
gripping is around 0.6 to 0.8 bar.
Hence selecting 70% vacuum,
P2= 0.7 bar = 10.29 psi = 538.46 mmHg
∴Pressure drop = ΔP= 101.325 kPa -70 kPa
ΔP= 31.325 kPa
Now,
FH= ΔP × A
Where A = effective area of suction (in m2)
A = FH/ΔP = 0.0118 m2.
Now, initially assuming we need 4 vacuum cups so
∴Breakaway force FA= FH/n
Where n = no. of suction cups
FA= 92.4375 N (for n=4)
Now according to FESTO manual
Suction cup Φ
FA at 0.7 bar (N)
30 mm
40.8 N
40 mm
69.6 N
50 mm
105.8 N
60 mm
106.1 N
From above table, we can choose diameter = 50 mm
50 mm cup is selected.
Effective area (A) = 0.0118 m2

Area of each cup (A1) = (π/4)×(D12)
A1= 0.00196 m2.
So, no. of cups required for max 25 kg load is
N = A/A1 = 6.02 ≈ 6
Therefore minimum 6 suction cups of diameter 50 mm are
required for moving a max load of 25 kg.
With reference to VMECA (Germany) manual according to
our required specification (deep vacuum suction cup)
VD50 series vacuum cup can be selected.
Horizontal force = 4.84 kgf (at 70 kPa)
Vertical force = 8.09 kgf (at 70 kPa)
Volume = 13.5 cm3
Diameter = 50 mm
Application: On metal, plywood, carton boxes with regular
or irregular shapes
Dimensions of cup:

Material selection of Vacuum cup: Since our application is light duty movement with moderate
ambient temperature.
Hence, we could prefer Silicone rubber as material for
suction cups.

4) Selection of Pump:Power gained by fluid,
Drop in pressure head (Water column)
h= ΔP/ (ρ*g) = [31.325 × (103)]/ [1000×9.81]
h = 3.193 m
Specific work= Cp(T1-T2)= 1*(296-273.132)
Specific work = 16.68 kJ/kg
Ws≈ 17 kJ/kg
Power = mass flow rate × Ws
= 6.736 × (10-4) × 17 × (103)
Power (P) = 10.83 W
Hence Vacuum pump should be selected with following
specifications,
Power, P = 10.83 ≈ 11 W
Specific Work = 17 kJ/kg
Supply, Voltage = 12 V (DC) Min. current = P/V=0.9166
amp
Max. vacuum pressure = 70 kPa
Max. air density = 1.2269 kg / m3
Air flow rate = 31.1694 LPM
Available Model with similar specifications: ISC 1628
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kg and will be a better substitute to the manual handling of
load. It will also be able to overcome the limitations of the
conventional designs that are currently available and
overall, the system would be energy efficient, cost
effective, compact in design and most importantly capable
to reduce the risk of injuries at work place in small scale
as well as large scale industries
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VII. EXPECTED OUTCOMES
 It would reduce the risk of injuries caused due to lifting
and transporting of heavy loads
 To increase the efficiency and to save time required for
production work.
 The model would be able to lift up heavy loads to
sufficient height.
 It would lift the load from ground level without any
external support.
 The gripper module will prominently grip work material
with all kinds of curvature.
 It would easily transfer the work material from carrier to
the worktable.
VIII. CONCLUSION
The design model is capable of handling a load of 10 to 12
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Abstract—this paper includes the information and research of
geometry and calculations of various angles of hexapod using
inverse kinematics. The detailed calculation and displacement
of arms of hexapod is understood and analyzed. Denavit
Hartenbergframes also called DH parameters are used to
calculate the angles by inverse kinematics
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I. INTRODUCTION
Inverse kinematics is a process of assuming the point in
workspace where the end effector should be ordinated after
the motion and then finding the angle required to bring the
following motion. Thus, inverse kinematics works exact
opposite to forward kinematics. This method is used to
determine all the three angles of servo motors.
However, this method does not give a unique solution. In
order to overcome this, Denavit Hartenberg frames are used.
These frames use a matrix that takes parameters like angle
and displacement in space in order to have a finite and
unique answer. The calculation and geometry are explained
below.
II. GEOMETRY AND CALCULATIONS
1) 3.3.1. Static Parameters
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actuated. These angles provide the initial values fof angle
that is theta1, theta2 and theta 3
Step1: determination of horizontal distance from servo
motor 2 and servo motor 3
L=(X2+Y2)0.5-L1
By using pythagoras theorem
D=(L2+Z2)0.5
θ= atan(Z/L)
By using the cosine law in the triangle
β=acos((L22+D2-L32)/(2*L2*D))
gamma= acos((L22+L32-D2)/(2*L2*L3))
the common line D intersects two parallel lines. therefore
α=θ……
alternate angles
θ2= α-β
θ3= 180 – gamma
2) 3.3.2. Inverse Kinematics
As we all know forward Kinematics is computing the endeffector using the kinematic equations when the joint
parameters, and orientation (e.g. arm of the robot) is given.
Inverse kinematics is essentially the opposite. Inverse
Kinematics is the mathematical process of calculating the
variable joint parameters which are needed to place the end
of a kinematic chain, like a robot manipulator, for a certain
position and orientation relative to the beginning of the
chain. [3].

Figure 1: Geometric representation of robot arm

The values of the links L1 L2 and L3 are opted from the
model. The followed geometry helps in determining the
angles formed my the links with three servo motors from the
front view. This helps in defining the static condition of the
hexpod at time interval zero when non of the actuators are

Figure 2: Geometric Parameters

Inverse kinematics uses kinematics equations to decide the
joint parameters that provide a desired design i.e. position in
3d space along with rotation for each end effector
manipulator of the hexapod. Motion planning iscalculating
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the motion of a robotic system in a way that its end-effectors
change position from its initialspace configuration to the
final or desired space configuration [3]
The mvemnets of the arm manipulator can be observed as a
series of kinematic linkages under 3d space. These
kinematic linkage equations play an important role in
determining the end position and motion of the arm
manipulator[3].
Kinematic Analysis: It is one of the initial stages of designing of most of the
robots. The informationobtained from kinematic analysis is
very necessary for the upcoming dynamic analysis.
Inverse kinematics is reverse of forward kinematics that
heps in determining the joint angles with the help of final
position in space by using the kinematics equations of a
robot. These defined loop equations are thenot linear on the
configuration parameters of the system. These parameters
are independent and are called degree of freedom in 3 d
space.
Analytical solution:
In few cases, the analytical solutions to inverse kinematic
problems exist. For example, consider a 6 DoF robot (for
example, 6 revolute joints) moving in 3D space (with 3
position degrees of freedom, and 3 rotational degrees of
freedom). Now, if the DoF of this robot exceeds the DoF of
the end-effector, i.e. a 7 DoF robot with 7 revolute joints,
then there will be infinitely many solutions to this inverse
kinematics problem. In such case, an analytical solution
does not exist. Though, it is possible to fix one joint and
analytically solve for the other joints. However, by
numerical approaches, a better solution can be
obtained. The inverse kinematics of hexapod forms a close
loop expression. This is done when the position if the end
effector on the 3 d workplace acts like the input and
provides the angles of servo motor. This gives the position
of every joint of hexapod as the output function q=f(x).
Analytical solving of inverse kinematics is significantly
faster than numerical solving. Moreover, analytical solving
gives more than one (finite) number of solutions for any
given end-effector pose.

Figure 3: Representation of link

The four transformation parameters also identified as D-H
parameters are:
1. Joint offset (d): distance between the origin of joint
1 and common normal
2. Joint angle (θ): angle between x axis of joint 1 and
x axis of joint 2
3. Length of link (r): distance of common-normal
4. Twist angle (α):angle between z axis of joint 1 and
z axis of joint 2 rotated about the x axis of joint 2
a) 3.3.2.2. Denavit Hartenberg Frames Method For
Homogenous Transformation Matrix

LINK
1
2
3

θ
θ1
θ2
θ3

α
90
0
0

r
a1
a3
a3

d
d
0
0

a) 3.3.2.1. Denavit Hartenberg Frames
Denavit Hartenberg parameters/frames also called as DH
parameters consider 4 constrains, that are taken into analysis
while the end effector/robot arm manipulator is at the final
point coordinate in 3 D space. Even though there are many
conventions for attaching reference frames, D-H
convention is that the most popular approach.[2]
JOINT1: The process begins by defining the z axis is 3d
space. This is the axis of rotation. X axis is defined
perpendicular to the axis. The y axis completes the righthanded reference plane.
JOINT 2: The second joint is perpendicular to joint 1. The z
axis if this joint is the axis of rotation. The common normal
is the intersection point of the two-z axis of both joints. The
x axis of the joint 2 is along the common normal.

X= 𝑎3 cos 𝜃 1 cos 𝜃 2 cos 𝜃 3 − 𝑎3 cos 𝜃 1 sin 𝜃 2 sin 𝜃 3 +
𝑎2 cos 𝜃 1 cos 𝜃 2 + 𝑎1 cos 𝜃 1

55
= cos 𝜃1 𝑎3 cos 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 cos 𝜃2
Y= 𝑎3 sin 𝜃 1 cos 𝜃 2 cos 𝜃 3 − 𝑎3 sin 𝜃 1 sin 𝜃 2 sin 𝜃 3 +
𝑎2 sin 𝜃 1 cos 𝜃 2 + 𝑎1 sin 𝜃 1
=sin 𝜃1 𝑎3 sin 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 cos 𝜃2
Z= 𝑎3 sin 𝜃 2 cos 𝜃 3 + 𝑎3 sin 𝜃 3 cos 𝜃 2 + 𝑎2 sin 𝜃 2 + 𝑑
=𝑎3 sin 𝜃2 + 𝜃3 + 𝑎2 sin 𝜃2 + 𝑑
DETERMINATION OF SWING ANGLE
Swing angle is the angle covered by the servo motor 1. It is
the main manipulator that produces displacement in xy
plane. The swing angle is accountable for the lateral motion
of the hexapod arm.
θ1= atan(Y/X)

Figure 6: Swing angle iteration done on excel

DETERMINATION OF Θ2 AND Θ3
X= 𝑐𝑜𝑠 𝜃1 𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 𝑐𝑜𝑠 𝜃2
Y=𝑠𝑖𝑛 𝜃1 𝑎3 𝑠𝑖𝑛 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 𝑐𝑜𝑠 𝜃2
X/cos θ1= 1 𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 𝑐𝑜𝑠 𝜃2
Y/sin θ1=1 𝑎3 𝑠𝑖𝑛 𝜃2 − 𝜃3 + 𝑎1 + 𝑎2 𝑐𝑜𝑠 𝜃2
X/cos θ1-a1= 1 𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃2 …. 1
Y/sin θ1-a1=1 𝑎3 𝑠𝑖𝑛 𝜃2 − 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃2 ……… 2
Subtract eq 2 from 1
X/cos θ1- Y/sin θ1= 𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃2 −
𝑎3 𝑠𝑖𝑛 𝜃2 − 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃2
=𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 − 𝑠𝑖𝑛 𝜃2 − 𝜃3
𝜋
= 𝑎3 𝑐𝑜𝑠 𝜃2 − 𝜃3 − 𝑐𝑜𝑠 − 𝜃2 +
2

𝜃3
=
𝜃3

Figure 4: Angle theta 1 represented on an arm of hexapod

=𝑎3

2 ∗ 𝑠𝑖𝑛

(X/cos θ1- Y/sin θ1 /a3 * 2= 𝑠𝑖𝑛
Sin-1((X/cos

𝜋

𝜋

4

4

𝑎3 −2 𝑠𝑖𝑛( ) 𝑠𝑖𝑛 − + 𝜃2 −
𝜋
4
𝜋
4

− 𝜃2 + 𝜃3

− 𝜃2 + 𝜃3
𝜋

θ1- Y/sin θ1 /a3 * 2) = 4 − 𝜃2 + 𝜃3
𝜋

Sin-1((X/cos θ1- Y/sin θ1 /a3 * 2)- 4 =−𝜃2 + 𝜃3
𝜋

4

- Sin-1((X/cos θ1- Y/sin θ1 /a3 * 2) =𝜃2 − 𝜃3

Sin-1(1/ 2 ) - Sin-1((X/cos θ1- Y/sin θ1 /a3 * 2 )
=𝜃2 − 𝜃3
For simplification of the joint,
Assuming θ3=0,
Hence the solution is unique and can be solved by
simultaneous equations.
Figure 5: Iterations done on solid works

III.
The determination of theta1 is thus done my inverse
kinematics. The method of iteration is used. By plucking in
the values of y and x at the same time, the value of θ 1 is
achieved.
The value of θ 1 should be so determined that it does not
collide with the motion of the other manipulator besides it.
Hence various iterations are carried away to find angle θ 1.

RESULT

Thus, from the obtained value of θ1, θ2 and assumed θ3, the
inverse kinematics problem is solved. The following table
shows position of legs of hexapod at varied θ1, θ2 andθ3
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Figure 7: Simulation performed on MS Excel
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Abstract – The Rotavator used in agriculture allows
farmers to prepare the soil without using large
amounts of labor. it is vital to ensure that the soil is
properly prepared by turning the soil maximum
amount of nutrients are offered to the crops. The
better the soil structure larger the crop yield which
results in higher profits. The major work of
rotavator is to ease the work of a farmer at a larger
extend through a technical means. Rotavator is a
such tool that can prepare the seed bed in a single
operation thus saving the time and energy.Adoption
of rotavator appears to be driven by the cost and
time savings for land preparation. Against this
backdrop, new policy and extension efforts are
required that discourage rotavator use and favour
more sustainable tillage technologies.
KEYWORD -Agricultural productivity; impact
heterogeneity; Blade analysis ; sustainable tillage
practices; technology adoption.
I.INTRODUCTION
During earlier times, the man itself used to
pulverize the soil in the farms with the help of ploughs
and bulls attached with ploughs which required a
tremendous hard-work. Also, it used to take a lot of
time to pulverize a big piece of land and when it comes
to hardened land it was very difficult. So as to use the
modern technology and decrease the work of farmers to
some extent, a machine with different types of blades
for different types of soil and for different depths is
made and named as ROTAVATOR. This large scale
adoption leads to contributes to increase in production,
due to its timeliness of operation and as well as
potential of input saving, quality of work, the
requirement of power for certain operations like
seedbed preparation, cultivation and harvesting
becomes so great that the existing human and animal
power is becoming inadequate. As well, tillage is the
most important unit and more energy consumption
operation in agriculture. It is done mainly to loosen the
soil, too mix with fertilizer and to remove weeds. As a
result of this processing the water, air, thermal and
nutrient regimes of the soil are improved in the interest
of the growth and development of crops.
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Due to development of deep cracks in the soil, considerable
difficulty is experienced with mould board
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plough, disc plough and cultivators. Clod formation in these
types of soils necessitates many operations of conventional
implements to be carried out. In addition, the rice stubbles
after combine harvesting remain intact and create problems in
subsequent sowing operation. The tractor mounted rotavator
holds promise for overcoming these problems. In recent years
Rotavator is becoming popular among the farmers for land
preparation where two or more crops taken in a year. Result
shows that rotavator saved 30-35 % of time and 20-25 % in
the cost of operation as compared to tillage by cultivator. It
gave higher quality of work (25-30 %) than as cultivator.
Rotavator produces a perfect seedbed in fewer passes. It is
well known that one operation of rotavator equal to one MB
plough and 2 harrow operations.
Rotavator perform well in suitable soil conditions but
consume high amounts of energy. In the past, a number of
studies were conducted to design suitable blades of rotavator
in order to reduce the energy and power consumption
(Shibusawa, 1993).
The
continuous
fluctuating
impact
of
soil
develops high stress on blade tip or blade critical edges. Due
to these stresses blade wear takes place after certain period of
usage which depends on soil type or variety. This time period
ranges from 20-200 hours for local blades and 300-350 hours
for imported blades in normal soil conditions (Saxena and
Singh, 2010). Considering this, some work on material
characterization has been done to improve the servicelife of a
rotavator blade but these works did not address to reduce the
overall costs of blade. Another way to improve the service
life of blade is the improvement in blade geometry. The
geometry of tiller blades is considered to be the most
important factor in their design since both the shape of the
blade tip and the length of the tiller blade facilitate cutting
(Jain-Song, 2007). Hence there is a need to improve the
design through geometrical modifications so that will reduce
the blade cost as well as land preparation cost. This paper
describes the design improvement and development of blade
through computational methods.

Multicon – W:- ICAMCE - 2021
BLADE DETAILS
Based on the market survey and available literature,
it was found that generally three types of blades are
used in a rotary tiller or rotavator. These are L‟ shape
„C‟ shape, & „J‟ shape, to suit various operating
conditions as shown in Fig.1. L-shaped blades are
better than C or J type blades in trashy conditions as
they are more effective in cultivation and they do not
pulverize the soil as much (Adams, 1959). The detail
of an L-shaped blade is shown in Fig.2. Again in
India, L-shaped blades are mostly used in Indian
rotavator which are normally mounted with three
right handed and three left handed blades per flange
as shown in Fig.3.

ROTARY BLADE DESIGN
The design of rotary tiller blades depends on the type and
number of blades and also the working condition of rotary
tiller. In this design, the L type blades were considered for the
rotary tiller according to the working conditions presented. In
the rotary tiller one fourth of the blades action will be jointly
on the soil. The total power of the machine is distributed
between the blades. The number of rotary tiller flanges (i) can
be calculated by the following equations.
bi

i= b

Where b is the working width and bi is the distance
between the flanges on the rotor. Six blades are considered on
each of the flanges. Therefore the total number of blades is
obtained:
Where, N is the total number of blades,
N =iZe

The soil force acting on each of the blade ( Ke) is
calculated by the following equations:
K

Fig.1. types of blades

=Ks Cp
iZene

e

Where Ks =maximum tangential force, kg
Cp=coefficient

of tangential force i=number of

flanges
Ze=is the number of blades on each side of the flanges
ne is obtained through division the number of blades which
action jointly on the soil into the total number of blades.
Considering these definitions, Kecan be calculated.
1.

COMPUTER
AIDED
DESIGN
(CAD)METHOD

1.1.CAD Technology
Fig.2. details of L shaped blade

Fig.3.Use of L shaped blade

Computer aided design refers to the design process
using sophisticated computer graphics techniques backed
up with computer software packages to aid in analytical
problems associated with design work. The 3D (Three
dimensional) models created on a CAD system with the
help of curves and surfaces. Those curves and surfaces are
generally NURBS (Frain, 1988). Wire frame models are
used as input geometry for simple analysis work such as
kinematics studies; surface models are used for
visualization and animations; solid models are used for
engineering knowledge and visualization which are
mathematically accurate for the description of the products
and structures.
Computer Aided Design-CAD is defined as the use of
information technology (IT) in design process. Its use does
not change the nature of the design process but as the
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name implies, it helps the product designer. The
designer is the main actor in the process; in all
phases starting from problem identification to
implementation. The advantages generally
achieved from CAD include accurately generated
and easily modifiable graphical representation,
complex design analysis in short time, Finite
Elements analysis, Motion analysis, Tolerance
analysis & Design optimization (Bilalis, 2000).
Therefore the product can be introduced earlier in
the market, providing many advantages to a firm.
CAD systems enable the application of concurrent
engineering and can have significant influence on
final product cost, functionality, and quality
(Bilalis, 2000).
1.2.FINITE ELEMENT METHOD (FEM)
The following are the three basic features of the
finite element method (Reddy, 1984).
(A) Discretization of the given domain into a
collection of preselected finite elements; (B)
Derivation of element equations for all typical
elements in the mesh; (C) Assembly of element
equations to obtain the equations of the whole
problem; (D) Imposition of the boundary
conditions of the problems (D) Solution of the
assembled equations (E) Post processing of the
results
Finite Element (FE) is one of the methods
used for evaluating a structure under static and
dynamic loads before making the main model.
This leads to improvements in the strength of
the design. ANSYS is a general purpose
software package based on the finite element
analysis. This allows full three-dimensional
simulation
without
compromising the
geometrical details (Huges, 2000; Merdenci
and Guven, 2007). Finite element method was
used by many researchers in order to design
the tillage tools or investigate the interaction
between soil and tillage implement. Most
investigation used a blade as the object
studying the interaction between soil and tool,
because its geometric simplicity made the
corresponding FEM analysis relatively easier
(Shen, 1998; Yong and Hanna, 1977;
Mouazen and Nemenyi, 1999; Arya and Gao,
1995; Godwin and Spoor, 1977).
1.3.COMPUTER AIDED ENGINEERING TOOLS (CAE)
Engineering analysis is concerned with
analysis and evaluation of engineering product
designs. For this purpose, a number of
computerbased techniques are used to
calculate the product's operational, functional,
and manufacturing parameters. Finite element

analysis (FEA) is one of the most frequently used
engineering analysis techniques.
Besides FEA, tolerance analysis, design
optimization, mechanism analysis, and mass
property analysis are some of the computer aided
techniques available to engineers for the purposes of
analysis and evaluation of the engineering product
designs.
2.MATERIALSANDMETHODS
Based on the available information from literature, it has been
observed that „L” type blade is most suitable for Indian
farming conditions, as this blade does not pulverize the soil
too much which is an advantage feature over other
commercially available blades. Still blade wear takes place
after certain hour of usage which must be overcome to
increase the service life. In this study to design and develop a
„L” type blade, advantages of CAD methods like 3D
modeling and analysis was used. Accordingly at the initial
stage 3D Modelling was done on the basis of geometrical
parameters normally which are similar to a commercially
available blades using 3D CAD software. This model was
analyzed through ANSYS for Finite Element Analysis
particularly to investigate the main causes of wear.
Based on the analysis results , it was noted that by
altering some geometrical parameters improvement can be
made and hence through the analysis a final blade has been
designed. Table 1 and Fig.5 show the specifications and
important parameters of the blade, respectively. This blade
was designed by considering: (1) cutting width which should
be more than 40mm for cutting and breaking paddy residues
into pieces and making a seedbed of sufficient width for
direct seeding; (2) maximum radius of rotation should be
more than 150mm to achieve a cutting depth of 60mm
without the rotary shaft touching the surface.Fig.4 show the
3D Model and original photograph of the developed blade.

Fig.4: Geometry 3D model of the blade

Multicon – W:- ICAMCE - 2021
BULK DENSITY
It is an indicator of soil compaction. It is calculated as the
dry weight of soil divided by its volume. This volume includes
the volume of soil particles and thevolume of pores among soil
particles. Bulk density is typically expressed in g/cm3.
Bulk density (g/cm) =
=

Where, ρ =

bulk density
M = borne dry weight of soil sample, g
D = diameter of cylindrical core sampler, cm

Fig. 5: Important parameters of a rotary blade

L = length of cylindrical core sampler, cm

Table 1: Various Parameters of the blade designed for

ENGINE

Parameters

Notations

Values

W

Lh

Blade span, mm
Effective vertical length, mm
Blade cutting width, mm

40
212
88.7

R

Curvature between Lv and Lhmm

40




Blade angle, degree

108

Clearance angle, degree

20

Blade thickness, mm

8.0

Bending angle, degree

22

Lv

T


the study

Unlike the Rototiller, the self-propelled Howard Rotavator is
equipped with a gearbox and driven forward, or held back, by
its wheels. The gearbox enables the forward speed to be
adjusted while the rotational speed of the tines
remainsconstant which enables the operator to easily regulate
the extent to which soil is engaged. For a twowheel tractor
rotavator this greatly reduces the workload of theoperator as
compared to a rototiller. These rotavators are generally more
heavy duty, come in higher power (2-5 horsepower or 1–8
kilowatts) with either petrol or diesel engines and can cover
much more area per hour. The trademarked word "Rotavator"
is one of the longest singleword palindromes in the English
language.

SOIL MOISTURE CONTENT
Soil moisture content on dry basis was measured by as
suggested by Mohsenin (1979) using oven dry method.
Five samples of soil were collected randomly from test
plots, weight of each samples was taken using an
electronic balance. Then these samples were kept in hot
air oven maintaining temperature 105 0 C degree for 24
hours. After that, samples were taken out from oven
and kept in desiccators. The borne dry weight of
sample was recorded by using electronic balance. The
moisture content on dry basis was calculated using
following formula.
Moisture content (
Where, w1 = initial weight of soil
sample, g w2 = borne dry weight
of soil sample, g

SCOPE
large piece of land tilling requires a lot of human energy and
time which is basically a huge loss which can be reduced.
Rate of vibration is high which makes it difficult to control
and consumes energy, which has to be figured out. Shape of
blades used in it not relevant to each type of soil that has to go
under tilling process. Selling price and cost of manufacturing
should be maintained at average or below average, in short, it
has to be user friendly.
Maintenance is high due to rough-tough use
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EXPECTED OUTCOMES
Improvement in the damping system and Stability of
tool frame at high torque.
Relevant use of power by fitting a proper combination
of blades and Minimize fuel consumption and time
duration. Minimization of human energy requirement
and Less consumption of space.
May be light weight as compared to the standard
rotavator.
CONCLUSION
We examined the adoption and impacts of high-speed
rotavator tillage on wheat yield, cost of cultivation, and
gross margin among lowland wheat farmers in India.
To the best of our knowledge, this is the first attempt to
examine the effects of rotavator tillage on farmers’
fields and plots. The empirical analysis using PSM
shows that, while adoption of rotavator tillage reduces
the tillage cost, it also reduces wheat yield, gross
revenue and farm profit. The immediate and apparent
tillage cost savings from the use of rotavators appear to
be perceived by farmers as more salient than the later
con-sequences for yields and profits. We also find that
small farmers are more likely to use rotavators than
their larger and possibly better-informed counterparts.
Those withmore off-farm income are also more likely
to use rotavators as they perhaps pay less attention to
their farming practices and outcome. While adoption of
new technologies is often driven by cost savings. we
find that use of rotavators amongst our sample of
farmers actually results in reduced yields and earnings,
despite the savings in tillage costs. There is anobvious
need to educate farmers regarding the negative effects
of rotavator tillage, as these effects become prominent
only after years of continuous use. Although our study
uses cross-sectional data and the analysis of the blade
for the betterment of the farmers.
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Abstract— During the late 1900s, there was a rise in
awareness related to heat and humidity related
disorders that lead many organizations to adopt better
methods to provide efficient cooling to their employees.
As research and technology in this part advanced,
thermoelectric cooling vests became popular as they
were cheap and reliable method to ensure body cooling

I. INTRODUCTION
Efficient cooling and comfort are the fundamentals
on which the design of this cooling vest is based on.
This product can cater to farmers, miners, firemen
and also people who suffer from heat generated
weaknesses. Fatigue can be reduced by using this
vest as it reduces the rise of body temperature and
rates of sweating. Athletes will also be hugely
benefited and can use the vest while training and
even while playing.
Many sports people compete from time to time in
a hot, humid environment , often with little time to
acclimatize.
Exercise performed in these conditions can lead to
an increase in body temperature and attainment of a
critically high body temperature is considered the
primary factor leading to fatigue in endurance exercise
performed in such conditions. Emphasis on the health
and safety of people who exercise in hot, humid
conditions increased and many organizations became
aware of the need for protection against heat-related
disorders.
Many jobs require working for long hours in
excruciating heat; be it a salesman, a welder,
construction worker, engineers in a factory, miners
or firemen. This agonizing heat eventually takes a
toll not only on their efficiencies but also on their
health.

II. CURRENT TECHNOLOGIES
Concerning to the above mentioned hostile working
conditions we decided to design a cooling vest that is
light in weight, economical and would prove
dexterous in its applications.
The currently cooling vests available in the market
are basically in forms of ice packs and must be kept
in refrigerators beforehand if they are to be used.
Moreover, they are heavy in weight and restrict much
of the agile body movements proving futile in most
job related applications.
The other drawback with the currently existing
cooling vests is lack of a thermostat or temperature
control. Everybody has a different comfort
temperature and the goal of this product is to adapt to
that for ultimate comfort.
Additionally, we plan on adding a feature to stop the
cooling manually in case the user does not require it
now and want to save on the available usage time left.
Although, the cooling time will be sufficient enough
it can further be extended by human control.
When the cooling vest starts losing its cooling
capabilities it simply acts as a dead weight. To avoid
this from happening, we will minimise the weight of
the vest and make the battery, highest in weight,
removable so that once the vest is discharged the
dead weight can be removed.
Due to the prohibitive price range, the cooling vests
would not be affordable to people ailing from chronic
diseases like breast cancer, multiple sclerosis (MS),
Endometriosis, amputation, anhidrosis, autonomic
neuropathy, heat intolerances, chronic fatigue
syndrome, dysautonomia, Ectodermal Dysplasia,
Epilepsy, fibromyalgia, Graves Disease, heat stress
and many more.
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III. OBJECTIVES
The main motive of our project is to develop a vest
that provides an efficient cooling effect and is
comfortable to use.
Weight of the vest is one of the crucial elements and
we are trying to make it as light as possible.
For optimum cooling effect we are working on a
thermoelectric system that uses peltier effect.
So instead of using a air cooled or complex water
cooled type heat sink we would be using a
evaporative cooling type heat sink.
After much research we found that this is the most
efficient way we would achieve our desired cooling
effect and maintain a optimal weight.

This vest is designed keeping in mind the idea that it
should prove efficient and helpful for athletes,
miners, construction workers, farmers, etc.
Many people suffering from heat related illnesses
should also be benefited.
People with multiple sclerosis use cooling vests.
The cooling vest keeps the patient's temperature
down, reducing the pain symptoms.
Fatigue can be reduced using this vest as it avoids
excessive rise of body temperature and rates of
sweating.
IV.METHODOLOGY
A sequential approach was used to answer the key
problems. The first step consisted of a literature
review. We identified the areas in which the cooling
jacket was useful/needed. We shortlisted the types of
cooling that can be used in a jacket.

After reviewing various articles and technical papers
along with our own research, we came to the
conclusion of going with the thermoelectric modules.
The usage of thermoelectric modules is advantageous
in many aspects including weight, form factor,
temperature control etc. We are working on one of
the principle of thermoelectric effect i.e. "peltier
effect". According to the peltier effect "When an
electric current is passed through a circuit of a
thermocouple, heat is evolved at one junction and
absorbed at the other junction". Hence, by using a
thermoelectric module we will create a temperature
difference between two dissimilar metals and use that
to cool our jacket.

So instead of using a air cooled or complex water
cooled type heat sink we would be using a
evaporative cooling type heat sink.
After much research we found that this is the most
efficient way we would achieve our desired cooling
effect and maintain a optimal weight
V.PELTIER EFFECT
When electric current is passed between two
electrically dissimilar materials, there is heating at
one junction, cooling at other depending upon
material combination. Peltier found that,
Q  I Q=ab. I
Where, Q = rate of heating or cooling.
I = current passing through the junction.
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πab = (πa-πb) = Peltier Equation

VI. Prototype Design
Vest Interface and a cooling module are main parts
of the liquid cooling vest. Vest Interface is consists
of conductive fabric vest tubing and an insulating
fabric. Water in vest line tube is cooled by cooling
module using thermoelectric cooler, which absorb
heat from liquid and transfer to atmosphere

CONCLUSION
This paper explained about thermoelectric cooler use
in cooling suit and its advantages over conventional
cooling system. Thermoelectric cooler works on
principle of peltier effect. It reduces use of
conventional refrigeration system, therefore effect of
skin cancer, ozone depletion potential and global
warming potential reduces. Thermoelectric cooler is
compact in size and it is eco-friendly in nature. In
thermoelectric cooler, there are no moving parts
which make them reliable. Because of all these
reason thermoelectric cooler is use in cooling vest
and it is maintain precise temperature control.
Thermoelectric cooler consist of vest interface and
cooling module. Vest interface is designed to
provide thermal efficiency and comfort to user. Will
be designed to provide lowest thermal resistance to
achieve maximum cooling. We also plan to use one
way heat conducting material in vest interface if
possible to avoid back transfer of heat from body to
working fluid.
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Abstract—This project aims to develop a cheap, effective
and simple solution for cleaning sewages, septic tanks and
other such hazardous environments in a manner that involves
minimal human supervision and involvement. The challenges
involved in this task include a ground-up development of a
design that can be used to analyse the fore-mentioned
environments and perform some basic tasks such as clearing
blockades. The design has to be simple and small in size so it
can be easily transported. Simpler designs will also increase
manufacturability and will also make them easier to use.
Keywords—sewage, ROS, autonomous analysis, Raspberry
Pi, SLAM, Chemical analysis

I.INTRODUCTION
This will be achieved by single-column design with
some attachment. Some of these will be for analysis and
others for the purpose of object handling in the closed and
unreachable environment. The analysis section comprises a
LIDAR or other appropriate scanner which will be able to
create an accurate 3D map in a dark environment. The
chemical sensors will also help identify the degree of
protection required if human intervention is necessary. The
appendages will be equipped with some jets or drills to
remove any particles or so. Based on the requirements of the
stakeholders, further modifications and features will be
added.
Current literature survey highlights the issues that exist
and are faced regularly by the poor people who agree to
work in such hazardous environments for minimum wage,
without any safety or PPE. The authors have been able to
identify the health risks and general statistics of the scale of
the problem at hand. Literature reviews of technical papers
have highlighted some technological solutions implemented
by the industry and academia. These identify the
methodologies, sensors and communication architecture
used. Based on the research the authors proposed a design
that proves to meet the requirements that have been
mentioned above.
The proposed design proves to overcome the drawbacks
of current technological solutions. These developments are
in the domains of cost, manufacturability, design simplicity.
In terms of cost, there has been a significant reduction from
a staggering amount in the ranges of INR 50 to 100 Lakhs;
to a more comfortable amount of approximately INR 50k.
The design complexity of the existing solutions has been a
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major factor in their manufacturability, government
approval and cost. All these are very well overcome by the
proposed design.
II.NEED
A. Importance and Motivation
Sewage workers operate in drains under very dangerous
circumstances. They have no safety equipment and no idea
of what is lurking down there. Over the past few years,
many people have died due to suffocation, lack of oxygen,
inhaling toxic gases, septic waste being handled without any
protective gear, cuts from non-faecal waste. These dangers
make the job very fatal for people who have barely any
access to proper healthcare. Even if they do they fear to go
to doctors fearing the heavy cost of consultancy and
medications. To properly do this job, proper PPE is
required. Local authorities overlooking this job tend to
overlook this basic necessity and get the job done at
minimal cost for their profit. All these reasons and much
more birth the need for a system that is cheap and involves
minimal supervision from humans.
The motivation for this project was found during one of
the group discussions to find a problem statementthat
requires good technological innovation and at the same
times contributes to the betterment of thesociety.
B. Scope of Project
This technological solution proposed for this problem
will have to provide solutions to many different fields.
Similar architecture can be used in scenarios like fallen
buildings, mines, pipelines, chemical plants and so on. Any
hazardous environment which requires to be analysed with
the minimal human intervention will benefit from this
design. This project incorporates solutions from Robotics,
Mechatronics, Innovative mechanical design and IoT. Based
on research the following impacts of the problem have been
identified.
1.
2.
3.

In the previous year itself, more than 100 people
havedied in hazardous environments like sewage
drains.
Since 2018 there has been a steep increase in the
number of deaths, from 68 in 2018 to 110 in
2019.Increase is almost 68%.
62,904 scavenger workers have been identified
untilJanuary 2020.
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4.
5.
6.
7.

376 deaths due to manual scavenging in the past 5
years.
Almost 90% of the workers in manual scavenging
arewomen. Significant gender discrimination is
observed inthis sector.
6. Both gender and caste-based discrimination has
been
observed in this sector
The people working in these environments are
plagued by the following list of dangers :
a. Exposure to harmful gases such as
methane and hydrogen sulfide.
b.

Cardiovascular degeneration

c.

Musculoskeletal
disorders
osteoarthritic
changes
intervertebral disc herniation

d.

Infections like hepatitis, leptospirosis and
helicobacter

e.

Skin problems

f.

Respiratory system problems and altered
pulmonary function parameters.

like
and

Another scope for the project can be incorporating
predictive modelling to the system hence identifying most
probable locations for clogging. This can help take
preventive measures with more accuracy and averting a
disaster.
III. REVIEW OF LITERATURE
A. Findings
From a report by Rashtriya Garima Abhiyan, the conditions
of manual scavengers, hardships faced by them, causes of
manual scavenging and other statistics have been identified
[1].
Further news articles were referred that highlighted the
plight of sanitation workers. Standard equipment used by
the workers is not upto the job [2]. This leads to use of
unconventional methodologies used. The authors were also
able to identify limitations of desilting machines. This led us
to some tasks that the robot or system must be able to
perform. The robot must perform jetting, desilting and
suction. From the common designs of sewage manholes, the
authors were also able to come up with an actuation
approach for the robotic arm. It was further noted that
renting instead of selling the product will be a more
economically viable business plan.
The cost of commonly available equipment and robot
designs are approximately INR 43 Lakhs [3]. These designs
perform jetting, have a bucket, have a flexible rotation
aluminium rod. They can work up to depths of 20ft.
However, they are plagued by a long manufacturing process
due to bulky size. Front this we can deduce that the design
must be simple, easily manufacturable with respect to the
local market. This is to make it more easily available based
on the political, governmental and socio-economic
circumstances.

It must be very easy to use. Parameters like fluid blockage,
water level power source and notification architecture were
discovered.
Studying the existing technology for this effort we
discovered technologies consisting of a blade that was used
to remove floating matter from a sewage-disposal tank in a
siphon type sludge.[4]We identified some mechanism that
can be used to treat flowing sewage with varied density
components with functions as [5][7]:
1. Detecting temperature variation
2. WSN networks for long-range communication and
including IoT
3. Sensors for identification of gases
4. Combined Rpi and Arduino Architecture.
The sensors used for the monitoring as well as the
transmission system, are identified from the Smart Realtime Drainage monitoring system.[8] The system consists of
four sensors. MQ2, MQ3, MQ7 and water level sensor. The
above sensors sense the intensity levels of water level,
smoke and gases such as carbon monoxide,LPG, alcohol
benzine CH4, Hexane, CO Propane.NRF communication
modules are used for node to node communication.
GPRS/Wifi modules are used for sending sensed
data.[9]
B. Report on the Present Investigation:
The current stage of the project is primarily focused on
Literature Review and Concept design. The plan is to
communicate with the stakeholders and understand a good
overview of the issue faced. This is done to achieve results
that are significantly effective and tailored to the local needs
C. Objectives
 Identify common hazards in the environment.
 Develop a product that can create a 3D map of the
environment.
 The product should be able to analyze the
environment and identify the presence of
commontoxic gases like CO, LPG, Benzine,
Methane,Hexane, and propane, as well as their
concentrations.
 If suitable, the product should be able to perform
some basic tasks (like clearing blockages, cleaning or
handling objects) by jetting, desilting and suction.
 The product must be cheap and easily usable.
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IV.METHODOLOGY
A. Robotic arm approach (Initial concept)

CO and Methane. They work on the principle of variable
resistance. The resistance is dependent on the concentration
of its respective gas in the atmosphere. A certain MQ sensor
can sense upto 2 gases concentrations accurately. The
resistance of the gases change logarithmically with the gas
concentration in PPM or PPB.
The manufacturers provide the sensitivity graph for the
sensor along with it. The graphs for MQ4 and MQ7 are
below,

Fig 1Initial concept design for the completely assembled device with
robotic arms and sensors mounts.

The design proposed currently is a simple rod-like
structure with two arms like appendages. These are robotic
arms which will be used to clear out blockades using highvelocity jets. These jets will be mounted on the end nodes of
the arms.The end of the primary rod consists of the LIDAR
and the chemical sensors. The purpose of the LIDAR is to
Fig 1.a. Concept design for proposed methodology

develop 3D maps of the internal environment. The chemical
sensors are mounted to detect gases like methane. The
currently proposed sensors are MQ2, MQ3, MQ7.
B. Photogrammetry approach

Fig 3shows the typical sensitivity characteristics of the MQ-4 sensor
for several gases at Temp: 20℃、 Humidity: 65%、 O2 concentration 21%
RL=20kΩ Ro: sensor resistance at 1000ppm of CH4 in the clean air. Here,
Rs:sensor resistance at various concentrations of gases.

Fig 2 Result from photogrammetry software. The imageshows a 3D
map of a duster on a table in front of a laptop.

Due to lack of availability of resources during the pandemic,
the team tried an unconventional approach.
We resorted to using a simple phone/laptop camera to make
3D maps.
Softwares like Autodesk ReCap, Blender and Meshroom
were used.
These softwares use 2D images as their input unlike the
LIDAR and RGBD sensors that use stereo data which
includes depth as a data point. This approach was tried due
to lack of availability of resources during the pandemic. The
results depend on lighting, object and camera stability,
availability of distinct features on the surfaces, number of
pictures taken, similarities in the picture and image quality.
C. Chemical Sensors
The system has another component which has to read the
gas concentration in the sewage. The sensors chosen for this
job were MQ7 and MQ4. These sensors respectively sense

Fig 4Fig shows the typical sensitivity characteristics of the MQ-7 for
several gases. in their: Temp: 20℃、 Humidity: 65%、 O2 concentration
21% RL=10kΩ Ro: sensor resistance at 100ppm CO in the clean air. Rs:
sensor resistance at various concentrations of gases.

These sensors have to be calibrated for at least 24hrs
before they can be used to get accurate readings. This is
done to heat the sensors and stabilise it and is achieved by
heating it through 2 heating cycles at different currents. The
first is the low heating cycle on which the gases are
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absorbed on the surface of a gas sensitive resistor. This step
occurs for 60 seconds. In the second heating cycle the
resistor is heated in the high heating cycle during which the
gases absorbed are evaporated. This step takes place for 90
seconds. This basically cleans the sensors and these steps
are repeated for 24 to 48 hours depending on the sensors.
Calibration should be done in a stable environment where
the concentrations of the gases don’t change significantly.
After the end of the calibration cycle a value of Ro is
received which is then reinserted in the measurement code
and this can now be used to measure the gas concentration
in PPM. By default the sensor provides data in voltage
values that are scaled to a serial value range from 0 to 1024.
The code written is used to convert the data from serial
values (mentioned above) to PPM.
D. RGBD Camera and 3D scanning
For 3D scanning the XBOX 360 Kinect version 1
camera was used. This camera is one of the cheapest stereo
cameras available in the market. Other options for stereo
cameras in lower price ranges include the Kinect v2 ( used
with XBOX ONE gaming console), Intel RealSense D435i
and so on. A RGBD Camera like this was chosen because
results from these cameras are fairly accurate and offer
surface visual texture details as well, which cannot be
received in data from a LIDAR.

more comfortable amount of approximately INR 50k. The
design complexity of the existing solutions has been a major
factor in their manufacturability, government approval and
cost. All these are very well overcome by the proposed
design.
A. Chemical Sensor on Arduino

Fig 6 Results from the MQ 7 sensor showing a sharp spike in
concentration values (Y-axis in ppm)

Post calibration, a candle was very briefly brought
nearthe MQ7 sensor to measure a spike in the CO
concentrationvalues. The spike is as shown above. The
sensor is fairlysensitive and offers good results. The results
obtained arealmost instantaneous and further devices can be
added towork with this data to offer clear instruction to the
workers.
B. RGBD Camera on Windows
On windows there are various software development kits
(SDKs) available. A few of those are Kinect Studio and
Skanect. We have used Kinect studio and some packages
written in C++ to generate stick figures from the depth
camera data.

Fig 5 Schematic diagram of the various components of a Xbox 360
Kinect V1 camera

The Kinect v1 suffers slightly in resolution as compared
to its v2 counterpart but makes up in the software
compatibility. Kinect v1 has very good drivers and is greatly
supported by the Kinect Studio Toolkit and Skanect.
The camera consisted of an IR projector, IR Camera and
RGB Camera. The camera works by projecting an IR
(infrared) pattern across the surface in the frame of view.
The camera stores an IR image which is then used as a
reference image by storing it in the internal memory [10].
Further research in [10] also shows that by using 2 RGBD
cameras and building another depth map by matching the
correspondences, the results are not affected by the objects
reflectivity, absorptivity and transmissibility.
V.RESULTS AND DISCUSSION
The proposed design proves to overcome the drawbacks
of current technological solutions. These developments are
in the domains of cost, manufacturability, design simplicity.
In terms of cost, there has been a significant reduction from
a staggering amount in the ranges of INR 5 to10 Lakhs; to a

Fig 7The results for the stick figure skeleton that allows us to do pose
estimation.

The SDKs also allow us to see the environment from the
view of the depth camera alone and represent the data in
various colour formats.
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and build a 3d map of environments where frequent access
is dangerous.
C. RGBD Camera on ROS
In ROS (Robotic operating system), the RVIZ package
was used to interpret the data from the camera.

Fig 8 Depth Camera view with depth depicted as subsequent layers.
Each layer for distance range of approximately 0.5m going from black to
white.

Fig 11 Raw results from RVIZ Package. The results show a scattered point
cloud representing the obects almost in a veil like structure.

Fig 9 Alternate representation of depth camera results where only
human figures are highlighted

Fig 12 Screenshot of RVIZ workspace and raw result from RVIZ in colored
scattered point cloud form.

Fig 10 Alternate view with different colour coding for depth camera
feed

The images above give us an idea of how depth
measurement can be done even in very dark environments.
The above pictures are taken in dim light areas so as to
replicate the sewer conditions. The upper right corner of the
images shows the actual image and the enlarged left region
shows the images taken by kinect.
This image is a snapshot of a live 3d reconstruction of
the target environment. The object focused upon a bottle
and seated over a chair. Our aim is to replicate these results

Fig 13 Colorized depth camera feed of the subject in fully dark room

The results can be modified and using ROS further post
processing can be done on the data streamed from the
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camera to visualize and perform further calculations on the
results to offer results that are easily understandable by a
layman

Fig 14 Colorized depth camera feed of the object in dimly lit room.

FURTHER DISCUSSION
The reader may choose to further develop certain aspects
of the project at their own discretion. One of the primary
goals of the government officials that they want to achieve
is to have a design that is fairly compact and can perform
Suction and Jetting operations. The size of the device must
be around 1 to 1.5 m wide. Other aspects of the current
project can be further improved as well. More expensive
stereo cameras by Intel RealSense can be used and we can
obtain far more accurate data. More expensive and easily
calibratable chemical sensors can be used for ease of use.
Further work can also be done in the chemical sensor region
given the current selections take a significant amount of
time and effort to be calibrated.
The applications of this device and technology are
significant in the field of exploration of closed and
dangerous environments. One the most common places it
can be used is cave explorations, geographic survey,
archeological surveys where the objects are susceptible to
human intervention.
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Abstract - In the field of military and medical science there
are refrigerators used to cool samples or specimens for
preservation. They include refrigeration units for storing
blood plasma and other blood products, as well as vaccines
and other medical or pharmaceutical supplies. They differ
from standard refrigerators used in homes or restaurant
because they need to be very hygienic and completely
reliable. However, in case of transportation of component
from one place to another place there is no refrigeration
system. Due to such problem, portable refrigeration
system is to be used.

Thermoelectric refrigeration is new alternative because it can
convert waste
Electricity into useful cooling, is expected to play an
important role in meeting today fossil energy challenges.
Therefore, thermoelectric refrigeration is greatly needed,
particularly for developing countries where long life and low
maintenance are needed.Thermoelectric devices are developed
based on Peltier and Seebeck effect which has experienced a
major advances and developments in recent years. The
coefficient of performance of the thermoelectric refrigeration
is less when it is used alone, hence thermoelectric refrigeration
is often used with other methods of refrigeration.
HISTORY
The first to have an idea for a solar-powered refrigerator was
an engineer Otto Mohr in 1935. He designed all of the correct
components needed to build the solar refrigerator and with
them it would work. Since then many engineers, scientists,
and researchers improved his ideas and built their working
variants of a solar-powered refrigerator. In 1950’s USA

installed a flat plate collector system. At the same time USSR
made a parabolic mirror which could produce 250kg of ice per
day. An absorption machine with a cylinder-parabolic mirror
was made in France and it could made 100kg of ice per day.
There were also built systems that charged during the day and
cooled during the night. Today, solar refrigerators are mostly
used for camping and in developing countries where
electricity is scarce. Solar-powered refrigerator is useful for
many reasons. First it is used in regions that have no
electricity but have greater number of sunny days a year.
Secondly, such regions often use kerosene or gas-powered
absorption refrigerated coolers which require constant supply
of fuel and generate large amounts of carbon dioxide. They are
also very difficult to adjust which can result in the freezing of
medicine which is kept in those coolers. Fuel is also costly and
there is risk of causing fires. Solar-powered refrigerator can
replace these kinds of coolers and make cooling safer.

INTRODUCTION
For most countries, sustaining thermal comfort inside
residential
units
is
becoming
expensive
and
environmentally harmful, as the mechanism used for
cooling requires a large amount of energy with higher
CO 2 emissions .Air conditioning and refrigeration systems
are significant and they contribute to about 15% of the
total global electrical energy produced .Air conditioning
and refrigeration systems have a remarkable negative
influence on the environment as well as global warming
and atmospheric pollution .Therefore, an alternative
technology is required for heating and cooling with the
potential to reduce the environmental impact . This study
focuses on the investigation of the performance of a
thermoelectric refrigerator for a cooling application.

Thermoelectric module technology pumps heat in a
specific direction after passing current into two heat sinks
attached to its hot and cold sides . The use of free solar
energy, with zero-emission, as well as a clean energy
source can be adopted as a suitable alternative to power
the thermoelectric module instead of using conventional
electrical energy. A solar-assisted thermoelectric module
(TEM) is therefore proposed. This module is compact,
light in weight, highly reliable, and powered by clean
energy. It has neither mechanical parts nor working fluid,
and it can quickly be switched to cooling and heating
modes, which makes it a better option compared to
conventional refrigerators . Various scientific studies in
the available literature reported the evolving history of the
thermoelectric refrigerator . Sofrata experimented and
reported
the
performance
improvement
of
the
thermoelectric refrigerator by implementing effective
methods to discard heat from the hot side of the
thermoelectric module. Dia et al. carried out an
experimental
investigation
and
analysis
on
a
thermoelectric refrigerator driven by solar cells. They
reported that the unit could maintain the inside
temperature of a refrigerator within the range of 5–10 oC
with a COP of about 0.3. Further analysis indicated that
the performance of the system is strongly dependent on
the intensity of solar insolation and the temperature
difference of hot and cold sides for the thermoelectric
module. Atrain et al. [27]demonstrated the improvement
of the performance of a domestic hybrid refrigerator that
combines vapor compression technology for the cooler
and freezer compartments and thermoelectric technology.
The authors reported lower energy consumption in the
hybrid system for a new chamber. Abdul-Wahab et al.
conducted an experimental investigation on the portable
solar thermoelectric refrigerator. They showed a reduction
in the refrigeration temperature from 27 oC to 5 oC in 44
min and the coefficient of performance of the system
was 0.16. Zhao and Tan presented a thermoelectric
system integrated with phase change materials for space
cooling. In their experiment, they achieved a temperature
difference of 7 o C and a maximum COP of 1.22 for a
2-h cooling experiment. They also proposed a steady-state
simplified energy model to predict the performance of the
system.
WORKING
A schematic illustration of a portable solar thermoelectric
refrigerator. The dimension of the refrigerator will be
about 6.5 cm x 6.5 cm x 15 cm based on the scale down
dimension of the commercial refrigerator (chosen for the
comparison). During the sunshine hour of the daytime, the
PV module directly generated electricity from the solar
radiation and supplied current to the various components
of the thermoelectric refrigerator. For the continuous
operation of the proposed system, a storage device
rechargeable battery will be used which will get charged from
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solar energy during day time and it can be used during night
time or during cloudy time to run the module. A small charge
controller is also connected which will prevent the battery to
over charge and it will be used for cooling process. The
battery used will be of 9 volt approx . The thermoelectric
modules (TEM) of the system usually create heating and
cooling effect on both sides of TEM after receiving the
power supply from the PV module. The cold side of the
TEM module was fixed inside the cold chamber and the
hot side was considered for the heating application
instead of rejecting heat to the outer environment. A
pinned type heat sink was attached to the hot side of
each TEM to enhance the heat transfer. The entire area
of the fins was cooled efficiently using small fans. For
the preservation of any category of fruits and vegetables,
a 12 o C temperature was selected for the refrigerator
space. In order to be used for the heating purpose, the
temperature of the hot side was set to about 35oC as
reported in the emissions . An acrylic sheet with a
thickness of 0.3 cm and a dimension of 6.8 x 6.8 x 15
cm was used for the refrigerator space. Proper insulation
was highly recommended to improve the system
performance. To prevent heat transfer from the high
ambient temperature to the cold chamber, a thermocol
material was used with excellent insulating properties to
protect the aluminum chamber, followed by an air gap
with a thickness of 0.5 cm . A switch will be connected
between battery and thermoelectric module which will be
switched on when there will be no sunlight to operate solar
cell. A small cooling fan with small heat sink will be used for
efficiently removing of heat. A 12 volt thermoelectric module
can work better on 2x6 volt solar panel. The model can be
used in many rural areas and during long distance travelling
,where electricity supply is not there but solar energy is
available. This could also save electricity by replacing big
commercial refrigerators which are remaining empty and just
wasting electricity.
SCOPE
To make it available in every place where refrigerators can
be used.To reduce wastage of electricity by using only solar
energy. And make it as a essential thing for trekkers to get
cold soft drinks.
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ADVANTAGES
It helps in saving your electricity bills and is an ideal choice
for the places where there is a lack of electrical power supply.
For having enough energy, the solar panel needs to get at least
5 hours of sunlight daily.
It can also store the extra amount of sunlight in its panels to
power the refrigerator for a week.
CONCLUSION
A new portable thermoelectric cooling system was designed,
fabricated and tested based on the principle of a thermoelectric
module for both cooling and heating application.
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Abstract—Since the discovery of nuclear fusion in 1950s
there have been little industrial application due to difficulties
in capturing and harnessing the energy that is produced in
huge amounts. If a method was devised that could capture the
energy produced by fusion, it could spark a chain reaction that
would last for infinite period or until the nuclei undergoing
fusion are fed in the system. This would result in the creation
of unlimited power and commercialize the concept of Sun,
itself. In recent times certain system designs have come up
which vouch for confinement of the heat generated in the form
of plasma. Two of the most promising designs are those of the
Tokamak and the Stellarator, both using magnetic
confinement to restrict plasma in their enclosed volumes. Both
provide with their own advantages and disadvantages. This
report studies the design characteristics of both and the
efficiency of the Stellarator which has been dubbed to be the
better of the two.
Keywords— (Stellarator, tokamak, ITER, Wendelstein-7X,
fusion, magnetic confinement, magnetohydrodynamic instability
plasma rotation, neoclassical transport, turbulent transport.)

I. INTRODUCTION
Over the last six decades fusion research has been
focused on Tokamaks and carried out in laboratories across
the globe, with commendable contributors being ITER and
its creation of the largest tokamak in the world, whose
assembly began in mid-2020. Along with tokamaks,
stellarators have been on the rise in research with the
Wendelstein 7-X team being the forerunners in the
technology who were able to achieve plasma in the

Figure 1:Components of Tokamak
Figure 2:Components of Tokamak
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stellarator and confine it albeit for a fraction of time. But this
event proved that stellarators are able to hold ground in equal
terms with the tokamak. The physical properties of the
stellarator are less explored due to its technical complexity
and the attention that was given to the tokamak. The core of
both the devices might be same, i.e., confinement of plasma,
but they both differ in every other aspect regarding the
handling and generation of the said plasma. Both tokamak
and stellarator have their advantages and come along with
difficulties unique to themselves. In this paper we try to
compare the two on basis of their design and compare the
properties like their magnetic configuration, operational
limits, neoclassical and turbulent transport, plasma
confinement, magnetohydrodynamic (MHD) instabilities,
rotation of plasma and edge physics. Both share similarities
and differences in the above fields and have had
modifications to overcome the difficulties in their field. The
stellarator has been out of the spotlight for the past decades
because of the intrinsic design that is complex for any
company to replicate, but the W7-X team have achieved a
milestone by fabricating their own stellarator confinement
and have sparked a new era that will help in the revival of the
fusion energy.
II. TOKAMAK ENERGY CONFINEMENT
A. Introduction
The tokamak is an experimental device designed to generate
the energy of fusion. The energy produced through the
fusion of atoms is absorbed as heat in the walls of the
vessel.
The core of a tokamak is a doughnut-shaped vacuum
chamber. Under the influence of extreme heat and pressure,
gaseous hydrogen fuel becomes a plasma—a hot,
electrically charged gas. In a star as in a fusion device,
plasmas provide the environment in which light elements
can fuse and yield energy.
i.
Air and impurities are first evacuated from the
vacuum chamber.
ii.
Then the magnet systems that will help to confine
and control the plasma are charged up and the
gaseous fuel is introduced.
iii.
As a powerful electrical current is run through the
vessel, the gas breaks down electrically, becomes
ionized (electrons are stripped from the nuclei) and
forms a plasma.
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iv.

v.

As the plasma particles become energized and
collide, they also begin to heat up. Auxiliary
heating methods help to bring the plasma to fusion
temperatures (between 150 and 300 million °C).
Particles "energized" to such a degree can
overcome their natural electromagnetic repulsion
on collision to fuse, releasing huge amounts of
energy.

B. Data collected on large Tokamaks
Early tokamak independent studies resulted in varying
scaling with the same relation to existing database, leading to
different predictions for newer generation tokamaks. To
nullify this a global L-mode energy confinement time
database was collected. Various data based on the new Lmode was updated and used in creation of new tokamaks
later. Characterization of these data is difficult as there are
losses incurred by the tokamak, for example, variety of
plasma, surface and atomic processes.
C. Parameters of scaling
Most of the scalings are expressed in terms of heating
power P, toroidal field B, plasma current Ip, elongation k,
major radius R, minor radius a, plasma density n, and
isotopic mass M. These eight parameters do not completely
control the losses in confinement. Other factors can be
plasma profile, current and heating profile, MHD behavior
and plasma-wall interactions. Also, the effect of energy
confinement time τE on the parameters is unknown. Because
of the failure of completeness of the parameter set, the
variation in difference τE – τEfit is not purely due to statistical
variation in data. From the collinearity of the variable the
most poorly defined parameter combination is defined from
the parameters that are the least varied. This parameter is
shape index fs:

Equation 1: shape index

where all the parameters are measured in meters(m).
D. Power Law Scaling
We can compare the power law scaling expressions for
τE
from the eight parameters discussed above as:
τE = C MαM IpαI RαR aαa kαk nαn BαB PαP, where all the variables
represent the same parameters as discussed above. Here, α‘s
are exponents for the relation. By comparing major groups
of data, the relation can be scaled as:
Equation 2: Power Law Scaling Factors

The ITER scaling can be roughly chosen to fit all significant
groups of discharges. The fs is taken about 1 and fq shows
the dependence of q on τE. The accuracy of the dependence
can lead to variations in the parameters. In general, the data
can be represented as:

Equation 3: representation of data

The uncertainty in αs is larger compared to αq. The estimate
can be given as ordinary least square digression:

Equation 4: uncertainty equation

Represents the residual sum of squares for scaling
expression, where sum over I is overall of the shots in the
database. Leading order, F is quadratic of the regression
coefficients. Influence of well determined directions can be
neglected to give approximate value of F by
Equation 5: approximation

Where ὰs and ὰq are the exact least square regression values.
For a given confidence level z, the standard χ2 test rejects all
αs and αq values for which
Equation 6: rejection criteria

Where N is total number of observations, and χ22: z is the
critical value. From equations (above two) and uncertainty
of confinement time can be extrapolated for ITER. Standard
least square regression analysis yields a half-width deviation
for the natural log, of 14%. This is lower bound on the real
uncertainty, as it neglects variations in each tokamak build.
This variation upon investigation, leads to a more accurate
formula which gives half-width (two standard deviation) of
about 40%.
For ITER parameters: M = 2.5, Ip = 22 MA,
R = 6 m, a = 2.15 m, k = 2.21, n = 1.3 x 1020nr3,
B = 4.9 T, and P = POH + Paux + Pα - Prad = 150 MW yields
the following L-mode energy confinement time prediction
for ITER with a power law scaling:
Equation 7: time prediction for L-mode energy confinement

A prediction interval of 66% (corresponding to one standard
deviation) for ITER L-mode confinement time is 1.95 s x
(1± 0.2).
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Figure 3:ITER-89 Power Law Scaling

Also, three linear offset scaling of the L-mode lead to
the following data:

impurity neutrals) code runs together with detailed
experimental campaign that have led to a better
understanding in the role of radiation in limiting peak fluxes
to the target. In these runs in similar runs for ITER, carbon
radiation is observed to be of crucial importance. The
importance of the C radiation is been thought in terms of a
simple model, that is relating the energy lost by C and D
radiation to the C and D produced by D recycling. This
produces a favorable feedback regulating the radiation in
low plasma temperature divertor, the plasmas characteristic
of partial detachment. However, the problem of tritium codeposition associated with carbon in the reactor device has
re-opened a choice of materials for divertor. It remains to be
seen that if the beneficial role played by carbon radiation is
been entirely replaced by radiation from one (or a
combination of) the noble gases.
2) He Compression
Also important for the reactor, the ability to exhaust the
helium ash. An extensive series of runs with B2-Eirene code
is been performed to explore the dependence of the helium
compression (ratio of the helium density at the pump to the
midplane density closer to the separatrix) and enrichment on
divertor configuration the plasma parameters.
As shown in Figure 4(a), these results agree to the
qualitatively with experimental results on ASDEX Upgrade,
though are somewhat too conservative quantity. The
functional dependence of D and He compression on power
crossing the separatrix into a Scrape-Off Layer, PSOL, and
upstream separatrix electron density, ηe,sep, that can be
rounded off by the power law in the two quantities fitted
differently by three regimes representing the sheath limited
regime, the detached regime and the high recycling regime .
The transition between the regimes is based on the ―
break‖
density normalized to ηe,sep and PSOL.
Equation 8: transition between regimes quantity 1

Equation 9:transition between regimes quantity 2

Figure 4:ITER-89 Off-set Linear Scaling

The coefficients in the fit are found by a non-linear
regression based on the B2-Eirene results, and are given in
Table 1. The resultant fit and data points from B2-Eirene is
shown in Figure 4(b). (X. Bonnin, 2001)

The data concurred for the study is based on the L-mode of
confinement. Later in 1982, H-mode was discovered which
led to high energy state confinement and better efficiency.
This started being studied in tokamaks and to improve the
benefits of this new confinement even more, Stellarators
were invented that took advantage of this new confinement
mode. (P.N. YUSHMANOV, 1999)

Regime
Exponent
for
Deuterium
Helium

E. Recent Developments in Tokamak Edge Physics
1) C Radiation
B2-Eirene (is combination of two codes, fluid plasma code
(B2) capable in treating multiple species and Monte-Carlo
neutrals code (eirene) capable in treating a detailed
production and subsequent evolution of the background and

Table 1: Coefficients fitted by non-linear regression to the
simulation results of D and He compression

sheath
PSOL
ηe,sep
-0.129157
0.00
1.36857
4.00

-

high recycling
PSOL
ηe,sep
-0.887993 1.0
-4.55607
14.4873

detached
PSOL
ηe,sep
1.88265
2.00
1.46927
1.0
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Figure 8:variations in basic stellarator

Figure 5: flux density versus enrichment

F. MHD Stability of Tokamak Plasmas
The linear MHD stability of tokamaks is described by the
energy principle of Bernstein,
It is given by,
The force partitions of the terms which comprise 6W are
conveniently are respectively, field tension, compressional,
current drive, pressure-curvature, and compressibility.
Those terms which are not positive definite (i.e., the current
and the curvature terms) are potentially destabilizing. Eq.
(2) is useful because it reduces the destabilizing drive to a
single term and has been used to determine stability of
certain configurations such as the hard-core pinch. The
numerical extremization of δW for ε has been carried out by
several institutions, (e.g., the PEST code 9 at PPPL). These
codes have been routinely used for simulating low n modes
for experimental comparisons and iri designing new devices.
III. STELLARATOR
A. Introduction
The classical stellarator has two independent sets
of magnetic field coils. First there is a set of toroidal
field coils, as in a tokamak, that produces the toroidal
component of the magnetic field. The second set of coils is
wound helically around the plasma and it sits inside the
toroidal field coils. The helical coils are arranged in pairs,
with currents flowing in opposite directions in adjacent coils
so that their fields cancel in the center of the torus but cause
the toroidal field lines to twist at the outside edge. A
stellarator with two pairs of helical windings is known
as l=2 and the confined plasma has an elliptical crosssection. A stellarator with three pairs of helical windings is
known as l=3 and the plasma have a triangular crosssection. The classical stellarator is flexible for experiments
because the toroidal and poloidal components of the
magnetic field can be varied independently, but it is
relatively difficult and expensive to build because the helical
coils are trapped inside the toroidal coils and they have to be
wound in situ. Variations of this basic stellarator concept
have been developed (Figure 5) with the objective of
simplifying the construction and optimizing the plasma
confinement.

Figure 7: simulation study

The rich information contained in the plasma response to
external magnetic perturbations can be used to help
design stellarator coils more effectively. We demonstrate the
feasibility by first developing a simple direct method to
study perturbations in stellarators that
do
not
break stellarator symmetry and periodicity. The method
applies a small perturbation to the plasma boundary and
evaluates the resulting perturbed free-boundary equilibrium
to build up a sensitivity matrix for the important physics
attributes of the underlying configuration. Using this
sensitivity
information,
design
methods
for

Figure 6: magnetohydrodynamic framework of Stellarator

better stellarator coils are then developed. The procedure
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and a proof-of-principle application are given that (1)
determine the
spatial
distributions of external
normal magnetic
field at
the
location
of
the
unperturbed plasma boundary
to
which
the plasma
properties are most sensitive, (2) determine the distributions
of external normal magnetic field that can be produced most
efficiently by distant coils, and (3) choose the ratios of the
magnitudes of the efficiently produced magnetic
distributions so the sensitive plasma properties can be
controlled. Using these methods, sets of modular coils are
found for the National Compact Stellarator Experiment
(NCSX) which are either smoother or can be located much
farther from the plasma boundary than those of the present
design.
B. MHD stability of stellarator plasma equilibria
In the framework for ideal magnetohydrodynamics (MHD),
the fusion of plasma is been modelled as an ideally
conducting fluid that is then embedded by a confining
magnetic field. Thus, Euler's and Maxwell's equations are
the basis of ideal MHD. The linear stability properties that
are the response of a plasma equilibrium to small
perturbations, that can be cast into energy principle for an
ideal MHD force operator. Evaluating this energy principle
by the spectrum of force operator and the spatial structure of
the perturbations that can be determined. The method that
can be readily implemented for the computational studies,
and its applications that are manifold. In the design of the
fusion devices, knowledge thus obtained is useful for
avoiding unstable configuration, where perturbations will
increase exponentially with time. For experiments, the
reconstruction and the study of fluctuations (e.g., Alfven
eigenmodes) in the stable plasmas facilitate the
understanding of experimentally obtained data.
In the stellarator, plasma does not possess continuous
symmetry, so that all the stellarator theory necessarily uses
three independent space variables. This makes theory more
complicated than that in axisymmetric configurations.
Although local stability criteria (Mercier, ballooning) are
available, full evaluation of the stability requires numerical
approach. Of course, the general-geometry code that can
also be used for configurations with spatial symmetries, are
for cylindrical plasma equilibria and axisymmetric
(tokamak).

Figure 9:Plasma simulation using computational tools such as
VMEC 3D-MHD equilibrium code

C. MHD stability of a quasiaxisymmetric stellarator
The ideal MHD stability properties of a 3-period
quasiaxisymmetric stellarator^1 have been investigated. A
hollow toroidal current profile is prescribed to model the
effect of the bootstrap current. The rotational transform ι
profile increases radially and flattens out near the plasma
boundary where its value ιe approaches 1/2. Carefully
tailoring the pressure profile to reduce its gradient in the
region of vanishing global magnetic shear near the edge, a β
> 5% limit imposed by ballooning modes is obtained. The
Mercier criterion is also satisfied except on isolated rational
magnetic surfaces. A sequence of configurations generated
by varying the nonaxisymmetric components of the plasma
boundary shape has demonstrated that the configuration that
is 85% of the base case system becomes marginally stable to
external kink modes, either of the periodicity or the
stellarator symmetry breaking variety. In this sequence, the
β value is constant and the toroidal plasma current is varied
to maintain the minimum value of ι fixed.
D. Stellarator Edge and Divertor Physics
The experimental division "Stellarator Edge and Divertor
Physics" (E4) investigates – in close collaboration with the
divisions for Stellarator Dynamics and Transport, Stellarator
Heating and Optimization and Stellarator Theory – the
capability of the stellarator concept for a fusion power
plant. Numerous instruments for plasma properties in the
Wendelstein 7-X stellarator are operated in this division.
The research in the division focuses on the important edge
region of the plasma of the Wendelstein 7-X stellarator. This
region separates the hot plasma core from the cooler vessel
wall. The plasma particles flowing out of the confined
region are guided by magnetic field lines to target plates in
the so-called divertor. The special magnetic topology at the
edge of W7-X is called an island chain, and the entire
concept is referred to as an island divertor configuration.
The stellarator island divertor concept may have important
advantages over the standard tokamak divertor concept.
Another important research area in the division is that of
plasma-wall interactions.
The division E4 is also responsible for the construction and
operation of a number of instruments that allow to diagnose
various properties of the W7-X plasma.
Projects within E4:
i.
Flux-Surface Measurements
ii.
Divertor Thermography /Hα
iii.
Langmuir Probes
iv.
Pellet injection
v.
Neutral Gas Pressure Gauges
vi.
Penning gauges
vii.
Visible Spectroscopy
viii.
Bremsstrahlung Zeff
ix.
Thermal Helium-Beam
x.
Video Diagnostics
xi.
Test Divertor Unit - Scraper Element
The Wendelstein 7-X (W7-X) optimized stellarator fusion
experiment, which went into operation in 2015, has been
operating since 2017 with an un-cooled modular graphite
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divertor. This allowed first divertor physics studies to be
performed at pulse energies up to 80 MJ, as opposed to 4
MJ in the first operation phase, where five inboard limiters
were installed instead of a divertor. This, and a number of
other upgrades to the device capabilities, allowed extension
into regimes of higher plasma density, heating power, and
performance overall, e.g., setting a new stellarator world
record triple product. The paper focuses on the first physics
studies of how the island divertor works. The plasma heat
loads arrive to a very high degree on the divertor plates,
with only minor heat loads seen on other components, in
particular baffle structures built in to aid neutral
compression. The strike line shapes and locations change
significantly from one magnetic configuration to another, in
very much the same way that codes had predicted they
would. Strike-line widths are as large as 10 cm, and the
wetted areas also large, up to about 1.5 m2, which bodes
well for future operation phases. Peak local heat loads onto
the divertor were in general benign and project below the 10
MW m−2 limit of the future water-cooled divertor when
operated with 10 MW of heating power, with the exception
of low-density attached operation in the high-iota
configuration. The most notable result was the complete (in
all 10 divertor units) heat-flux detachment obtained at highdensity operation in hydrogen.
Beta is a ratio of the plasma pressure over the magnetic
field strength.
The beta of a plasma (β) is the ratio of the
plasma pressure (P = n kB T)
to
the
magnetic
pressure (Pmag = B²/2μo). MHD stability at high beta is
crucial for a compact, cost-effective magnetic fusion
reactor. In many cases MHD stability represents the primary
limitation on beta and thus on fusion power density. MHD
stability is also closely tied to issues of creation and
sustainment of certain magnetic configurations, energy
confinement, and steady-state operation. Critical issues
include understanding and extending the stability limits
through the use of a variety of plasma configurations, and
developing active means for reliable operation near those
limits. Accurate predictive capabilities are needed, which
will require the addition of new physics to existing MHD
models. Although a wide range of magnetic configurations
exist, the underlying MHD physics is common to all.
Understanding of MHD stability gained in one configuration
can benefit others, by verifying analytic theories, providing
benchmarks for predictive MHD stability codes, and
advancing the development of active control techniques.
The most fundamental and critical stability issue for
magnetic fusion is simply that MHD instabilities often limit
performance at high beta. In most cases the important
instabilities are long wavelength, global modes, because of
their ability to cause severe degradation of energy
confinement or termination of the plasma. Some important
examples that are common to many magnetic configurations
are ideal kink modes, resistive wall modes, and neoclassical
tearing modes. A possible consequence of violating stability
boundaries is a disruption, a sudden loss of thermal energy
often followed by termination of the discharge. The key
issue thus includes understanding the nature of the beta
limit in the various configurations, including the associated
thermal and magnetic stresses, and finding ways to avoid the

limits or mitigate the consequences. A wide range of
approaches to preventing such instabilities is under
investigation, including optimization of the configuration of
the plasma and its confinement device, control of the
internal structure of the plasma, and active control of the
MHD instabilities.
1) Ideal Instabilities
Ideal MHD instabilities driven by current or pressure
gradients represent the ultimate operational limit for most
configurations. The long-wavelength kink mode and shortwavelength ballooning mode limits are generally well
understood and can in principle be avoided.
Intermediate-wavelength modes (n ~ 5–10 modes
encountered in tokamak edge plasmas, for example) are less
well understood due to the computationally intensive nature
of the stability calculations. The extensive beta limit
database for tokamaks is consistent with ideal MHD
stability limits, yielding agreement to within about 10% in
beta for cases where the internal profiles of the plasma are
accurately measured. This good agreement provides
confidence in ideal stability calculations for other
configurations and in the design of prototype fusion
reactors.
2) Resistive Wall Modes
Resistive wall modes (RWM) develop in plasmas that
require the presence of a perfectly conducting wall for
stability. RWM stability is a key issue for many magnetic
configurations. Moderate beta values are possible without a
nearby wall in the tokamak, stellarator, and other
configurations, but a nearby conducting wall can
significantly improve ideal kink mode stability in most
configurations, including the tokamak, ST, reversed field
pinch (RFP), spheromak, and possibly the FRC. In the
advanced tokamak and ST, wall stabilization is critical for
operation with a large bootstrap fraction. The spheromak
requires wall stabilization to avoid the low-m, n tilt and shift
modes, and possibly bending modes. However, in the
presence of a non-ideal wall, the slowly growing RWM is
unstable. The resistive wall mode has been a long-standing
issue for the RFP, and has more recently been observed in
tokamak experiments. Progress in understanding the physics
of the RWM and developing the means to stabilize it could
be directly applicable to all magnetic configurations. A
closely related issue is to understand plasma rotation, its
sources and sinks, and its role in stabilizing the RWM.
3) Resistive instabilities
Resistive instabilities are an issue for all magnetic
configurations, since the onset can occur at beta values well
below the ideal limit. The stability of neoclassical tearing
modes (NTM) is a key issue for magnetic configurations
with a strong bootstrap current. The NTM is a metastable
mode; in certain plasma configurations, a sufficiently large
deformation of the bootstrap current produced by a ―
seed
island‖ can contribute to the growth of the island. The NTM
is already an important performance-limiting factor in many
tokamak experiments, leading to degraded confinement or
disruption. Although the basic mechanism is well
established, the capability to predict the onset in present and
future devices requires better understanding of the damping
mechanisms which determine the threshold island size, and
of the mode coupling by which other instabilities (such as
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sawteeth in tokamaks) can generate seed islands. Resistive
Ballooning Mode, similar to ideal ballooning, but with finite
resistivity taken into consideration, provides another
example of a resistive instability.
E. Plasma Stability
The plasma stability is a crucial point of acknowledgement
in plasma physics research. When equilibrium is achieved in
a plasma containing system, possibility occurs for a few
sectors of the plasma to be bothered by small disruptive
forces that act upon it. The stability of the system decides
whether the disruptions will increase, oscillate, or be
damped out.
In many scenarios, a plasma can be understood as a fluid
and the stability for the same can be analyzed
with magnetohydrodynamics (MHD). For the most basic
representation of plasma MHD theory is used, so it is a
necessity for having stable nuclear fusion devices, that
MHD stability be present, for magnetic fusion energy, to be
more specific. Although, there are other types
of instabilities, like the velocity-space instabilities
in magnetic mirrors and beam containing systems. There are
also rare cases of systems, like the field-reversed
configuration, predicted by MHD to be unstable, but
conversely are observed to be stable, possibly due to kinetic

effects.
Figure 10:stable reversed kinetic field

vertically unstable; (ii) a mode of the QA equilibrium only
oscillates when the plasma rotates with a minimum rotation
frequency, or faster. This minimum rotation frequency
depends on the n*-type of mode (with n* being the
dominant toroidal Fourier harmonic contributing to the
mode). Resistive wall structures in combination with plasma
flow, however, lead to resistive wall modes and/or plasma
modes for both types of equilibria.
IV. COMPARISON: TOKAMAK VS. STELLARATOR
A. Magnetic Field
For confining plasma in a toroidal system, magnetic field
are enforced to confine the plasma. Rotational transform of
the toroidal magnetic field is adopted in order to gain an
equilibrium between the plasma pressure and the forces of
magnetism. This also prevents the curvature drift towards
the outside walls. Upon expansion of Maxwell‘s equations
near the magnetic axis, as proved by Spitzer and Mercier,
the mean number of poloidal turns of a field line in one
toroidal revolution is shown as an integral along the length l
once around the axis of magnetism,

Equation 10: average number of poloidal turns

J being the current density on the magnetic axis, N taken as
an integer of topological origin, eη = r2/r1 signifying
elongation of flux surfaces, angle of tilt d(l) with respect to
the curvature vector κ= db/dl. Here, b = B/B is the unit
vector in line with the magnetic field B, and τ(l) = (dκ/dl).
(b x κ)/ κ2 shows the torsion. (Figure 9)
There are hence magnetic field can be twisted via three
methods;
1. Driving a Toroidal current
2. Lengthening flux surfaces and rotating them
poloidally, similar to a torus
3. Moving the magnetic axis non-planar, so that τ ≠ 0.
Tokamaks usually adopt the first method, LHD incorporate
the second and stellarators like Wendelstein 7-X use the
latter two. Initial stellarators incorporated just the second
method, like an early stellarator concept in Princeton. (P

A ball resting in a trough (right) will trace back to the
bottom if displaced slightly, or disturbed, and is
hence dynamically stable. The ball on the top of a crest (left)
will accelerate away from its rest point if disturbed, and is
therefore, dynamically unstable. Plenty mechanisms make
plasma come under the second group when certain criteria
are met.
We present linear stability studies performed with the newly
developed CASTOR3D code. This code is a very flexible
and versatilely applicable numerical tool to study the
stability properties of 3D equilibria. Ideal external kink
modes of a quasi-axisymmetric (QA) equilibrium are
investigated taking into account effects of parallel
viscosity, plasma flow, and resistive walls. The results are
compared with those obtained for an axisymmetric
approximation of this equilibrium. Two major differences in
the stability properties are found: (i) the QA equilibrium is
vertically stable, while the axisymmetric equilibrium is

Figure 11:LHD flux-surface geometry in the vicinity of magnetic
axis.

Helander, 2012)
B. MHD Stability, limits of operation and disturbances
MHD instability are an important factor in finding out the
plasma parameters reachable, complex conditions and limits
of operation. On paper, for a variety of classes of MHD
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activities, like sawtooth oscillations, kink instabilities,
resistive and neoclassical tearing modes, the basic
destabilizing forces originate via current and pressure
differences added alongside adverse magnetic field
curvatures. The other two parameters that decide the default

Figure 12: schematic of plasma confined by magnetic field in (a)
tokamaks; (b)stellarator configurations

design and performance of the plasma in reactors are beta
limit and density limit. Expected MHD instability
consequences, the plasma perturbations that occur are
deciding factor for the operational lifetime of machine parts,
especially those in relation with particle of plasma and
energy exhaust. (Xu, 2016)
In tokamaks, the existence of toroidal plasma current gives
rise to consequences of the MHD instability, both
macroscopic and microscopic, which limits the overall
operational practicality. Hence, active control of MHD
instabilities generates a grave problem for fusor tokamaks.
On the other hand, for stellarators the absence of the toroidal
plasma current is beneficial. The MHD instabilities are not
present because of null or negligible net plasma current.
Stellarators also have 2 small plasma components. One
being the bootstrap current driven by pressure differences in
the banana regime at low collisionality, alike to the
tokamaks. The second is the parallel Pfirsch-Schluter
current used to fill up the non-zero poloidal current of
plasma, which autonomously force balances the radial
pressure difference, resulting in the overall plasma current
being divergence-free (
). But both kinds of current
are comparatively minute to destabilize large MHD modes.
Theoretically, neoclassical tearing modes (NTM) are
possible to exist in a stellarator, as these are independent
from a destabilizing Ohmic current graph in order to exist.
On the contrary, they depend on a non-zero bootstrap
current. The second is contained when a magnetic island
builds and the pressure graph is flattened inside it, and in
tokamaks this negative current disruption benefits the island
to develop even more. For stellarators, though, the (global)
magnetic shear often mirrors from that in tokamaks, so that,
if an island must develop and flatten the pressure graph, the
concluding reduction in the bootstrap current reduces the
island instead of growing it. Neoclassical tearing modes are
thus nonlinearly stable unless the bootstrap current is
negative. (The bootstrap current is assumed to be positive if
it increases the rotational transform.) Actually, finite plasma
pressure usually has the tendency to ‗heal‘ magnetic islands
in stellarators. (P Helander, 2012)
The beta limit generates from unstable MHD modes driven
by plasma pressure differences, resulting in the favorable
ratio of plasma thermal pressure to magnetic field pressure
) capped by a crucial value. The beta limit for
(
the Tokamak‘s beta limit is often related to the ideal-MHD

ballooning mode, and therefore, rises with plasma current
and reduces with the intensity of magnetic field. Although,
in the case of stellarators this beta limit appears to be soft,
not even close to the theoretical ballooning constraint.
Since, energetic ions display stabilizing effect on ballooning
modes in stellarators, a visible portion of the plasma
pressure gets developed there (volume-averaged <β>
reaches 5%). In Large Helical Device (LHD), a definite
central beta constraint gets visible in super high-density
plasmas along with an internal diffusion barrier, associated
to which a very high-pressure graph is developed and the
Shafranov shift increases more than 50% of the minor
radius. Although it is not totally clear for high obtainable β
value in stellarators, the results of finite Larmor radius
appears to be crucial.
Fast-ion-driven modes, like the toroidal Alfven eigenmodes
(TAEs), are generally visible in most stellarators. Similar
modes develop in the voids of the continuous Alfven
spectrum formed when a plasma cylinder is curved into a
torus. For stellarators, the destruction of axisymmetry gives
result to more gaps and discrete modes lying in it. Hence,
resulting in Alfven eigenmodes more varied in stellarators
than in tokamaks, like helicity- and mirror-induced Alfven
eigenmodes, wave–particle resonances is more, and thus
more prospect for instability. As example, while in a
circular tokamak with large aspect ratio the main TAE
resonances are
and
, where
is the
Alfven speed, it is possible to have resonances with
in stellarator geometry. On the contrary, the alphaparticle pressure in a fusor is in proportion to the slowingdown time,
This is smaller in case of stellarators in comparison to
tokamaks, resulting because of the ability of the prior to
operate above the Greenwald limit. The fast-particle drive
for Alfvenic modes can thus be smaller in the stellarator,
given that operating point with high density can be chosen.
Note that at constant thermal pressure,
or fusion
power
, the alpha particle pressure scales as
, meaning that increase in the plasma density by a
multiplier of 2.5 gives ten times lower alpha particle
pressure.
In plasma fusion, the charged particles which are induced by
injected neutrons and ions accelerated by radio-frequency
wave, may help to drive MHD modes, which includes
fishbones and Alfven eigenmodes (AEs). This fast particle
pressure is in proportion to the slow-down time, which
reduces with increasing density of plasma, in stellarators the
Alfvenic modes are expected to be weaker than in tokamaks
due to the high density in stellarators. The axisymmetry
breaking in stellarators,generates gaps for allowing more
wave-particle resonances also toroidal AEs may occur in
stellarators and not in tokamak. (P Helander, 2012)

Figure 13:Poincare sections of two equilibria in
W7-X with different normalized pressures
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C. Neoclassical Transport
The benefits of stellarators stated above—steady state, high
density, the absence of current-driven instabilities and
disruptions. There were unconfined particle orbits
disregarding of the magnetic field strength with respect to
Gibson and Taylor. Due to which there is complications
found in alpha particles confinement, whose orbits are
collisionless, also there are possibilities of prohibitively
huge neoclassical transfer of the species.
1) Collisionality limit
At the point there are many striking regimes for
neoclassical transfer into stellarators, where as in tokamaks
the negatively charged particles and ions are in vivid
regimes. It has been accepted that the neoclassical heat flux
plays an important role in the core of plasma for most of the
experiments. In low collision region, the negatively charged
particles lies in the 1/ν-reign. Here the diffusivity is not
directly in proportion to the collision frequency ν, given as

Equation 11: diffusivity scale

Here
eff is a geometric term defining the qualities of
confinement of trapped-particle orbits along with their drift
velocity denoted as vd, Te is the electron temperature and R
is the major radius of the device. Because of the high Te
scaling, the neoclassical losses are influenced at high
negatively charged particle temperature which is observed
while experiment. In W7-AS, the transfer followed
neoclassical assumptions almost in the half of the volume of
plasma if the temperature was attributed to turbulence and
high enough (≥1 keV) in the outer plasma.
The scaling (Equation 11) has a simple origin. In a classical
stellarator, the particles responsible for the transport are
trapped in local magnetic wells of depth δB/B ∼ h, the
helical magnetic ripple, and drift velocity vd. the particles
scatter in and out of the wells due to collisions on the time
scale of the inverse effective collision frequency, Δt ∼ 1/νeff
∼ h/ν. This results in a random walk
with step size Δr = vdΔt, and the diffusion coefficient can be
found from multiplying the estimate Δr2/Δt by the fraction
of generally caught particles εh1/2 (taking eff ∼ εh). In
advance stellarators for low neoclassical transfer, radial drift
velocities are reduced due to trapped particles, and in
equation the ￼eff is considerably smaller than the trapped
particles fraction, see figure.
For low collisionality such that the step size Δr becomes
comparable to the radial scale length, the transport is
henceforth is not radially local. This is a qualitative
difference to the tokamak, where the neoclassical randomwalk step size becomes limited from above by the banana
width, so that, as long as the latter is thinner than the
gradient length scale, the transport becomes local in nature.
The diffusion coefficient is much larger for ions than for
electrons and would therefore violate ambipolarity. An
electric field is produced that points inwards and serves to
confine the ions and reduce their transport to the electron
level (simultaneously increasing the electron transport
somewhat). The way this happens is that the electric field
gives rise to a poloidal E × B drift that prevents the locally

trapped ion orbits from drifting all the way to the wall.
Instead, the radial excursion of the bounce-averaged ion
orbits becomes of order Δr ∼ vd/ΩE, where ΩE ∼ Er/rB is
the frequency of the poloidal drift. Without collisions, these
orbits are thus confined (if Δr < r), but will undergo a
random walk with the step size Δr when collisions are
present, scattering the particles in and out of the local
trapping regions. The effective collision frequency for such
scattering depends quadratically on the distance Δξ (in terms
of pitch angle) to the trapping boundary in velocity space,
νeff ∼ ν/Δξ2. Multiplying νeffΔr2 by the fraction of
participating particles (∼Δξ) gives the diffusion coefficient
estimate
Di ∼ v (vd/ΩE)2
Δξ
the radial electric field is very nonlinear and usually has
three roots for the electric field. The ‗ion root‘ corresponds
to the case described beforehand, single root is always
unstable, and the ‗electron root‘, with Er < 0, usually
happens when the electrons are under strong and localized
heating. Finally, it should be understood that there are also
other collisionality regimes, and that the different regimes
are not always well separated from each other. In practice,
therefore, it is usually necessary to calculate the neoclassical
transport numerically. Figure 13 shows the typical result of
such a calculation, with the different regimes indicated by
straight lines. (P Helander, 2012)
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D. Plasma rotation
In a system that is magnetically restricted, rotation of
plasma exemplifies the portion of the fluid velocity that is
on a flux surface. The dynamic forces that drive the plasma
rotation are normally the J x B force, neutral beam injected
from outside, or turbulent Reynolds stress. For tokamaks,
the magnetic pumping effects dampen the poloidal rotation,
which transfer the plasma kinetic energy into thermal
energy, and gradually, into the neoclassical value. But a
plasma rotating toroidally in the axisymmetric tokamaks
does not undergo the magnetic pumping effect because the
neoclassical transport (and the perpendicular viscosity) is
typically small. Therefore, in tokamaks the toroidal rotation
velocity can achieve a huge value, being a considerable
contribution of the ion thermal velocity. For nonaxisymmetric stellarators, the neoclassical transport is
comparatively larger. The plasmas follow the drift-kinetic
equation model in a way that the fast rotation is not possible.
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Even for a quasi-symmetric stellarator, the plasma flow
turns to be hampered as well. But for the homogenous m = n
= 0 zonal flows, they have been recorded in tokamaks and in
stellarators also, although for the second the damping effect
is stronger (Xu, 2016).
E. Edge and Divertor Physics

torus. Regions of strong plasma radiation tend to be located
in close proximity of these points, maybe because the wider
flux surface separation reduces the cross-field heat flux, and
the larger number of X-points hence promotes spread of the
radiation more uniformly on the first wall. On the other
hand, since stellarators are non-axisymmetric, makes the
radiation pattern, along with the divertor heat flux,
toroidally uneven. Numerical simulations suggest that about
three quarters of the power in W7-AS could be radiated out
due to carbon impurities outside the separatrix, and an even
higher radiative fractions were observed practically. This
opposes to that of the tokamaks, in which likely strong
radiative losses are a part of the MARFE formation giving
highly localized deposition, and where much of the radiation
generates from the interior of the separatrix.

Figure 15: Root-mean-squared electrostatic potential as a function
of toroidal and poloidal Boozer angles

Only 2 stellarators, W7-AS and LHD, have functioned with
proper divertors, and these vary from each other
geometrically. LHD has a helical divertor with a partially
stochastic magnetic field, whereas W7-AS used the
naturally occurring chain of magnetic islands beyond the
last closed flux surface to divert the escaping plasma to
divertor plates (Figure 15). W7-X is also being developed
with an island divertor similar to this theory, which forces
the connection distance to the target an order of magnitude
longer than in likely similar shaped tokamaks. In the second,
the magnetic field is changed by a poloidal field of
equivalent magnitude to that produced by the plasma
current, Bθ/B ∼ 0.1. In stark difference, an island divertor
incorporates a small resonant radial magnetic field, Br/B ∼
10−3, to produce the chain of magnetic islands used for the
divertor. In LHD, the connection length changes drastically
from each field line, but is also very long for most of the
stochastic edge. This situation makes the perpendicular
transport much more important than in the tokamak scrapeoff layer. Whereas in tokamaks most of the heat flux across
the scrape-off layer is brought to the targets by parallel heat
conduction, especially in the electron channel, the normal
transport in stellarators have changing importance in
comparison with the parallel one. The greater importance of
cross-field transport could be better for impurity retention in
the divertor. Coulomb collisions between heavy impurity
ions (Z) and bulk plasma ions (i) give rise to two forces on
the earlier: a friction force proportional to the velocity
gradient Vi|| − VZ||, which tends to remove the impurities
towards the target, and a thermal force proportional to the
bulk-ion temperature difference ∇||Ti, which moves the
impurities towards the hot core plasma. For tokamaks, the
latter force appears to be stronger, but in stellarators
numerical modelling shows that a friction-dominated regime
is approachable in LHD as well as in W7-AS and W7-X.
Second visible differentiation between the poloidal divertor
in a tokamak and the island divertor in a stellarator is that
the second has many more X-points, which, in contrast to
the tokamak, are not axisymmetric but are wound around the

Figure 16: island divertor of W7-AS

V. CONCLUSION
A distinguishing fact between tokamak and stellarator
divertors is that the geometry of the plasma flow is more
complicated in stellarators, giving it more possibility that
counter-streaming plasma flows arrive in close proximity
with the other, on the other hand, for the tokamak the flows
to the inner and outer targets are sufficiently separated.
Because of the momentum exchange between such counterstreaming flows, the (thermal + kinetic) pressure is not
always and definitely constant along the field. This is taken
to suggest why no high-recycling regime is observed in
LHD or W7-AS. In W7-X, although, the islands are larger
and the plasma flows around them well enough separated
that a high-recycling regime is predicted. On the other hand,
it is not expected that increasing size would be sufficient to
differentiate counter-streaming flows in a helical LHD type
divertor. Since the magnetic shear is so large, many island
chains are present and overlap to create a stochastic zone.
Overlapping islands with separate mode numbers give
separate poloidal phases, and counter-streaming flows on
adjacent island chains approach each other radially at
poloidal positions where they are countering phased. (P
Helander, 2012) (A.Dinklage, 2007) (Miyamoto, 1978)
(P.N. YUSHMANOV, 1999)
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Abstract— Clean drinking water is required by everyone.
Electricity in rural and remote areas is extremely
erratic, Thus making conventional water purifiers
almost redundant for use. This project is specifically
aimed at such areas and conditions of the world where
clean water supply is erratic and access to clean
drinking water is sometimes at long distances. A pedalpowered water purification system is a water filtering
apparatus that can filter water by using human muscle
power using a pedal-operated mechanism. This tool is
preferably mounted on a supporting frame for increased
portability. It will be specifically designed to perform
three important functions: shorting water, filtering it,
and transporting it to the final destination. The aim of
this project is to solve the clean drinking water problem
by creating a durable tool that is cheap to manufacture
and easy to handle, which can last for a period of time in
rural circumstances and which can be easily detachable.
It can also be mounted on any frame. The overall
apparatus is designed to be as lightweight and as cheap
as possible to make it easily accessible to a very wide
range of people. The apparatus is designed to be made
detachable so that it can be easily shifted from one place
to another with minimal modifications. With the help of
this project, people can access clean and germ-free
water which would lead to a healthy and strong lifestyle.
Keywords—rural innovation,
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water struggles with a small budget so that all sorts of people
mainly the village people can easily afford it. The goal is to
design a bicycle attachment to purify and transport water
from contaminated sources that are active to a more portable
drinkable water while the rider is Pedaling. This attachment,
though not a permanent solution, would be a great
contribution to the improvement of their quality of life. Our
motivation is quickly aiding those less fortunate areas, as
well as providing a backup to those regions which run into
contamination zones within their local wells.
Pedal-powered water purification comprises a reciprocating
pump operated by a pedal power mechanism.
The reciprocating pump is mounted on the stand in such a
way that it connects the rod of the piston. By pedaling the
crank, the crank rotates, thus rotating the reciprocating pump
which results in discharges water from the container and
transmits it to the filters which purifies the water
simultaneously. It might also be used automatically with
help of vehicle machines.
II.LITERATURE R EVIEW
A. Similar products
The first design consisted of an all incumbent tricycle or
quad cycle with the built-in filtering system. The picture
displayed below is the initial prototype created by an

I.INTRODUCTION
There are few number of Countries around the world which
are still not able to have safe and clean drinking water. Since
16% of the global population are unable to access clean
water, and about 21% of the country’s diseases are waterrelated, in India children are dying due to diarrhea, across
India women senior people, and children from the rural
areas are wasting more time to fetch water for drinking
purposes. In rural areas the water resources are available far
from the home, due to this people are facing a lot of
problems. Even after so many efforts, the water obtained is
not clean which leads to health issues, increasing more
problems. Since nowadays automatic water purifiers are
available in the market but since their prices are high all the
people cannot afford it, also the services and maintenance
problems are very difficult. Alarming statistics led us to the
idea that we may use a simple mechanism of transportation
that is common in these areas, as a bicycle, to help aid their

independent company called the Aqueduct. Our goal was to
be inspired by this design and improve upon it in areas in
which it was lacking. The design is shown to consist of a
peristaltic pump that uses the rider’s kinetic energy to filter
impure water (placed in the rear tank) to the front tank. Our
tricycle will be more durable for more rural areas and will
have filters that can be self-cleaned and long-lasting.
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Although this model is very well built, it is extremely
expensive and only in the prototype stage. Once analyzing
price comparisons, we also concluded that building a whole
a tricycle would be far too costly for the budget we are
trying to achieve. Therefore, we chose to move to further
alternatives

.

III.OBJECTIVE
As such we decided to design an apparatus that could
produce clean and safe drinking water at low cost and
effectively and also without using electricity since the
majority of the areas in remote parts of our country still don't
have access to electricity.
Pedal Powered Water Pump along with water purification is
an eco-friendly system. The unit works only on mechanical
energy without electricity. This system provides drinking
water and irrigation in remote areas where electricity is still
a major problem. Along with providing an eco-friendly
environment it also helps to regulate good health while
pedaling is not only free from pollution but also provides
healthy exercise. The System Produces rising energy costs.
1)
Provide a low-cost machine.
2)
Easy replacement of the filter membrane.
3)
The mechanism is Pedalling, Processing and
filtering
4)
A small-scale water filtration system could be
brought into remote areas and emergency conditions like
floods, famine, earthquakes, and tsunami to provide the
means of purifying contaminated water.
5)
On the other hand, there are no proper water
facilities and electricity in villages and these people are
drinking hard water which is dangerous to health.
6)
Filtering water locally would make the import of
water via trucks etc using relief funds, redundant.
7)
To make the system portable and user friendly.
8)
The purpose of this project is to design a smallscale water purification kit that requires minimal
maintenance and is cost-efficient.
IV.METHODOLOGY
A. Materials and Methods
A bicycle is used with the general arrangement as shown in
Fig. 1. The type of pump used in this arrangement is the
peristaltic pump. A peristaltic pump is a positive
displacement pump used for pumping different types of
fluids. The fluid is contained in a flexible tube which is
fitted inside a cylindrical pump case. A rotor in the form of a
plate with several "rollers", "shoes" or "wipers" is attached
to the external circumference and connected to the sprocket.
As the rollers compress the hose and move away from the
inlet a vacuum is created pulling in liquid. The rollers work
together to capture liquid between the pinched areas of the
tube and move the liquid towards the discharge. The front
roller leaves the hose and the roller in the back pushes the
liquid out. The process described above is known as
peristalsis and is used in many biological systems like the
gastrointestinal tract.
The type of pump is used because of the following
characteristics: because of its broader range of operating
speeds, thus efficient at both high and low revolution per

minutes (rpm), dry running/self-priming/seal less, creation
of high vacuum for suction lift application, smooth passage
through the pump thus no obstructions, relatively high
discharge pressure. Filters are used of three kinds: precarbon, post-carbon, and sediment. With two dynamos.
B. Principle of Operation
This design comprises a peristaltic pump powered by
paddling, a pre-carbon, post-carbon, and sediment filter, and
a hose or flexible tube as shown in Fig.1. An operator sits on
the seat and pedals, the pedal crank transfers the motion to
the rotor thus the rollers The set of rollers squeeze the tube
due to which the fluid moves. A vacuum is created to pull
the liquid into the tube by constricting the tube and
increasing the low-pressure volume. Once in the pump, the
liquid is pushed through the tube by compressing the tube at
several joints in contact with the rollers. The media flows
through the tube with every oscillating motion. The water is
then forced through a filter which removes chemicals, bad
taste and smell, pollutants, turbidity, dirt, and other
microorganisms. The viruses are then killed by the UV lamp
which is powered by the battery. The battery can also be
charged by using a dynamo or a solar panel. This makes the
water now safe and drinkable. Hence increasing the quality
of water and thus the living.
C. Working Methodology
The goal of the treatment is to remove unwanted constituents
in the water and to make it safe to drink or suitable for a
specific purpose in industry or medical applications. Widely
various techniques are available to get rid of contaminants
like fine solids, micro-organisms, and some dissolved
inorganic and organic materials, or environmental persistent
pharmaceutical pollutants. The choice of method will
depend on the quality of the water being treated, the cost of
the treatment process, and the quality standards expected of
the processed water.
D. Part Description
1)Dynamo
A dynamo is a device that produces DC using a commutator.
Nowadays alternators are used for large scale power
generation. This is due to their high efficiency, reliability,
and low cost. Also, converting alternating to DC using
power rectification devices is effective and usually
economical. A dynamo however, suffers due to its
mechanical commutator.
This uses rotating coils and magnetic fields to convert the
mechanical rotation from the shaft into a pulsating DC
current using induction. Due to Faraday's law of induction,
the motion of the wire within the magnetic field creates an
electromotive force that pushes on the electrons in the metal,
creating an electric current in the wire.
2)Chassis
A chassis plural chassis consists of an internal vehicle frame
that supports an artificial object in its construction and use,
and can also protect some internal parts.
FOR BICYCLE
It is the main component of a bicycle, onto which wheels
and other components are equipped. The most common
frame design is based on the safety bicycle and consists of
two triangles: the main triangle and a paired rear triangle.
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This is known as the diamond frame. Frames must be
rugged, stiff, and they should be also light weight, which
they do by incorporating different materials and shapes.
3)
Water Filter
This removes impurities by taking out the contaminants of
water using a fine physical barrier. It can also use a chemical
process, or a biological process. They clean the water to
different degrees depending on the purposes like agricultural
irrigation, drinking water, a quarry. They can also be used in
ponds and swimming pools.
E. Design Model

Pedestal Bearing

For the final product, we have done 3D design in Solid
works software. We have made the design of the different
component and assembled into one final model.
For manufacturing of a pneumatic cutting machine, firstly
we require individual parts with dimensions of the whole
machine, and then we need to assemble every individual part
to make the final design.
Here, Different View of parts with dimensions are shown:
1. Bicycle Frame
2. Motor
3. Chain Sprocket
4. Filter
5. Pedestal Bearing
6. Battery
7. Final Assembly

Battery
F. Theoretical Evaluation
Design Calculation
1. Model calculation
L1 = π (r1 + r2) +2x + (r1 –r2)*2 /48
= π (8.2+ 3.2) + 2 * 48 + (8.2-3.2)2/48
= 1.32 m
2. Calculation of chain
Pitch of chain,
Fig 1. Filter CAD Model

P = AB = 2*AO*sin(Ѳ/2) = 2*(D/2)*sin (Ѳ/2)
where,
D = Diameter of the pitch circle = 16.8
T = No. of teeth on the sprocket = 45
P = D sin(360/2T)
= 1.171

Chain Sprocket

3. Pitch circle diameter
D = P*cosec(180/T)
P

= D*sin(180/T)
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D

= 16.8 cm
4. Length of chain
L = K.P
K = no. of the chain links
P = pitch of chain
The no. of chain links
K

V.

= 1.171*cosec(180/45)

= (T1 + T2 /2) + (2x /P) + {T2 – T1 / 2π} 2 (P/x)
= (45 + 18 /2) + (2*48 /1.17) + {18 – 45/2π}2(1.171/48)

K

= 1.13m

L

=K*P

The design was focused on all the processes of conception,
invention, visualization, calculation, refinement, and
specification of details that determine the form of the
system. force analysis of design has done so there are less
chances of failure in performance criteria. The main physical
parameters of the design are determined through the
calculations and practical considerations with reasonable
assumptions. It is discovered that the design is
uncomplicated, low-priced, efficient, and affordable as
available materials used.
It can be seen from the design analysis that the rate of
discharge per occlusion is 1.18772*10-4 m3 /s is considered
reasonable. The power required to drive the pump is 31.304
W and the supplied power is 48.1606 W which is all good
and reliable.
VI.

= 1.32m

The theoretical flow rate is calculated as follows.
Assuming,
Inner diameter of tube (d) = 0.0095m,
Casing diameter (D) = 0.23m
The volume of water displaced per roller is given as:
The volume
displaced per
roller

= Cross Sectional area of the tube *
Casing Circumference

Theoretical flow rate calculations:Physical variables:
a) Diameter (D) of the casing.
b) Tube diameter (d).
c) Tube length (L).
d) Friction at the pedals.
e) Friction at the axle of the sprocket.
f) Friction where the rollers connect the arms.
g) Rolling friction- where rollers connect the tube.
Dependent Variables:
a) Flow rate (Q).
b) Rotational speed (N).
c) Power (P).
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CONCLUSION

The project carried out by us made an impressive task in the
field of water purification methods. Through extensive
work, we found cost-effective parts that will meet our goal
of designing a portable filtration system that can be
retrofitted to any standard bicycle and facilitate the
transportation of pure water in developing countries.
Considering other water purification systems, a humanpowered reverse osmosis system is not only feasible but
quite an economical and effective means for providing
potable water. In the coming days, a prototype will be
constructed which consists of a pressure pump, the filter,
and a stand. Each component will be thoroughly tested to
provide the best product possible at the most reasonable
price.
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Abstract—The Field of Mechanical is now more involved
in robotics, as both mechatronics and robotics are widely
used in the concepts of making a robot model work with
the use of servo motors as well as drives, as more energy
is needed to run the robot. The Legged walkers are
linked with the help of the link mechanism available.
Each walker can run in the position required like
forward, backward, and left and right with the help of
separate motor provided to each walker .Also 360-degree
motion can be achieved if required. This robot will
integrate RGB-D and Night Vision cameras to create a
rough map of the area for further inspection.
This robot can walk slowly with a stiff gait on any
surfaces and carries a limited load. It could be used in
sewer maintenance for surveillance or any other kind
of mishaps where standard wheeled mechanisms
struggle to tread on.The six-legged walkers are designed
and fabricated such that they can easily move on
irregular surfaces. The walker legs can be stabilized with
the help of active balance control to reduce instability
when fast motion from walker is required. The walker
mechanism shares a spectrum of similarities from nature
ranging from the physical appearance of the structure to
its observed behavior.
Keywords—Kinematic Walker Mechanism, Remote
Settings,
Raspberry
pi,
Sensors,
RGB-D
Camera/Sensors, Night Vision Camera.
I. INTRODUCTION
This project presents a walker mechanism inspired by the
living world organism, along with a command and control
system that proves advantageous on varied surfaces by
aiding different speeds.
For moving this mechanism via a command and control
system different mechanical parts including servo motors
and rods are used. This requires a frame of connecting rods,
crank, and a lever to help the structure loco mote.
This mechanism incorporates links that are connected via
pivot joints and help convert the rotatory motion of the
crank to a movement analogous to the movement of animal
walking.
Implementing a Raspberry Pi for remote control of the
robot. We also presented a speed control system for a low
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power DC motor made with the help of a Raspberry Pi and
the L293 driver. This Project includes 3D mapping using
RGB-D cameras/sensors for indoor mapping of the
environment along with a night vision camera for clear
visibility in darker areas.The Project incorporates image
processing through RANSAC & Iterative closest point
algorithm (ICP) and python coding for Raspberry pi.
II. EASE OF USE
A. Why legged mechanism?

The principle advantage of a non-wheeled structure or a
legged mechanism is their potential to approach and access
surfaces unfeasible for wheeled structures or robots.
Imitating the build of a legged animal could possibly
improve the performance of a remote controlled robot. To
help achieve a more sturdy and stable walking mechanism
scientists and engineers can take inspiration from relevant
biological life forms in their designs.
The most intriguing motivation for studying robots based
on legged mechanism is:
• To help achieve access to places beyond human bounds.
• To help achieve access to places predisposd as dangerous
for humans for example a radioactive zone, etc.
• To help achieve access to places which are dirty,
dangerous or having unterrain surfaces.
• To complete jobs rendered as difficult to complete.
Legged robots have inherent application in rescue and
aiding places struck by earthquakes and in
precarious places including inside of a nuclear reactor
thereby, providing biologically inspired autonomous
legged robots various advantages. Low power
consumption and weight are crucial for walking robots, so
it is of chief importance to use less number of actuators.
To help achieve the scope of the project, we have to
develop a six- legged mobile robot whose structure is
based on the biomechanics of insects.
B. Properties Of Robot

1.
2.

It creates a 3D Map of its environment.
It can sense its environment, and control or interact
with objects in it.
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3.
4.
5.
6.
7.
8.

The controller has the ability to make choices based
on the environment, and use the controls to navigate
the robot.
It incorporates Python and C++ coding making it
programmable.
It moves with one or more axes of rotation or
translation.
It makes dexterous coordinated movements.
It incorporates various sensors and cameras.
It has the ability to tread on uneven surfaces.

C. Abbreviations and Acronyms

1.

RGB-D – Red Green Blue Camera-Depth Sensor

2.

3D Mapping – Three Dimensional Mapping

3.

ICP – Iterative Closest Point Algorithm

4.

RANSAC – Random Sample Consensus

D. Software

 Python Coding
 C++ Coding
E. Equations

1. DEGREE OF FREEDOM (DOF):
In general, number of degrees of freedom of a
mechanismis given by,
DOF = 3 (L – 1) – 2 J
Where,

Table 1: Dimension of Mechanism
3. CALCULATION OF GEARS:
Parameter

Formula

Calculation

Pitch Diameter (d)

d = m x z1

=1.11 x 36
=40mm

Diametric Pitch
(dp)

dp = z1 / d

= 36/40
= 0.9 mm-1

Outside Diameter
(do)

do = (z1+2)/dp

= (36+2)/0.9
= 42.2mm

Addendum (a)

a = 1/dp

= 1/0.9
= 1.08mm

Dedendum (d)

d = 1.157/dp

= 1.157/0.9
= 1.25mm

Working Depth
(Wd)

Wd = 2.25m

= 2.25 x 1.11
= 2.49mm

Tooth Thickness
(Tt)

Tt = 1.5708m

= 1.5708 x 1.11
= 1.7435mm

Minimum bottom
Clearance (c)

c = 0.25m

= 0.25 x 1.11
= 0.2775mm

Table 2: Calculation of Gear

DOF - Degree of freedom of mechanism

III. LITERATURE REVIEW

L- Number of links in mechanism
J - Number of binary joints in mechanism
We have, L = 7
J=8
Hence, Degree of freedom
DOF = 3(7–1)–2x8
DOF = 18 – 16
DOF = 2
The Number of degree of freedom of a mechanism is 2.
2. DIMENSION FOR MECHANISM:
Part

Parameters

Dimension

Bars

l*b*t

300mm*25mm*5mm

Main leg

l*b*t

180mm*25mm*5mm

Supporting leg

l*b*t

45mm*20mm*5mm

Centre Rod

l*d

300mm*10mm

Welding Joint
Plate

l*b

70mm*40mm

Length of
Chain

l

900mm

DUE TO ITS SUPERIOR FORCE-TRANSMISSION
ANGLE AND GREATER OSCILLATING ANGLE,
COMPARED TO OTHER TYPES SUCH AS THE FOURBAR MECHANISM, THE SIX-BAR MECHANISM IS
TYPICALLY CHOSEN FOR MOVING LEG ROBOTS.
DUE TO THE POINT OF CONTACT WITH THE
GROUND, FORCE TRANSMISSION IS VERY
IMPORTANT FOR LEG MECHANISMS.THE ROBOT
HAS TWO DOF, ONE MAINLY FOR THE LEG
MECHANISM ITSELF FOR LIFTING, WHILST THE
OTHER FOR THE BASE OF THE MECHANISM FOR
SWINGING. FROM THE FULL SWING AND LIFT
ANGLES, THE BODY SIZE AND ATTACHMENT
DIMENSION ARE DETERMINED. BY ENTERING ITS
SHAPE AND REFERENCE COORDINATES, EACH
CONNECTION IS FORMED IN THE MECHANISM.
A. LITERATURE SURVEY
R.Arjunraj, A.Arunkumar, R.Kalaiyarasan, B.Gokul,
R.Elango Department of Mechanical Engineering Nandha
Engineering College, Erode-638052, Tamilnadu, India.
(2016)
In this project, a robot with six legs will be created. It is
used to step over curbs, climb stairs, or fly to areas with
wheels without microprocessor control and other actuator
mechanisms that are currently not available.
D.Deepak1, S.Pathmasharma2 1&2 Assistant professor,
Mechanical Engineering, United Institute of Technology,
Coimbatore, Tamilnadu, India. (2017)
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There is only front and back motion in the earlier kinematic
walker. Thus it cannot be shifted or turned to left and right
motion and therefore can’t be rotated. It is therefore a big
disadvantage that it is not capable of moving left and right.
We have planned and designed the structure in such a way
that it offers operational versatility. The walker has been
made more attractive and economical by this breakthrough.
Praveen1, Sumantha Raj P T2, Goravara Gadilingappa3,
Kalyan Kumar S4, Dr. V. Venkata Ramana5 (2019)
The project work is successfully planned and a prototype
model is made, creating a six legged kinematic walker. The
goal of pushing the model on an uneven surface using the
opposite locomotion gait is fulfilled. The six legged walker
is designed to maneuver easily with a 360 degree rotation on
uneven terrain.
DC MOTOR SPEED CONTROL WITH THE ARDUINO
UNODEVELOPMENT BOARD AND THE L293 DRIVE
“Vasile Alecsandri”. University of Bacau., Calea Marasesti
.157, Bacau,600115, Romania (2019)
The Paper presented a speed control system for a low power
DC motor made with the help of an Arduino Uno
development board and the L293 driver.
An Asus_xtion_probased indoor MAPPING using a
Raspberry Pi with Turtlebot Robot Turtlebot Robot
Hamza Aagela, Maha Al-Nesf, University of Huddersfield,
UK (2017)
The software Gmapping issued to create a map of the
surrounding area. The research utilizes the 3D sensor
Asus_xtion_ pro to create an indoor map using SLAM and
create 3D models for surrounding objects. In the first case,
the Robot uses Gmapping ROS Packet to generate an indoor
map. In the second case, the robot used to create 3D models
for the surrounding objects in the room and used the
Raspberry Pi 3 as a replacement of the laptop that was used
to control the Robot.
ABDULLAH BEYAZ AND DILARA GERDAN
The project work on vision-supported Arduino and
Bluetooth-based robotic model platforms
Peter Henry, Michael Krainin, Evan Herbst, Xiaofeng Ren,
and Dieter Fox (2014)
RGB-D cameras are novel sensing systems that capture RGB
imagesalong with per-pixel depth information. In this paper
we investigate how such cameras can be used in the context
of robotics, specifically for building dense 3D mapsof indoor
environments.Visual
and
depth
information
are
alsocombined for view-based loop closure detection,
followed by pose optimization toachieve globally consistent
maps.
B. Authors and afflictions
Jaydeep Gupta, Gopal Gupta,

A. PROBLEM STATEMENT

The Current Research on the Robot is not conclusive
enough to make it a viable option to replace the current
technology in use. With the incorporation of smart
technology including 3D mapping, long range control
and other different types of sensors and cameras that the
current technology cannot hold this robot becomes a
perfect viable solutions.
B. OBJECTIVES

•
•

•
•

C. METHODOLOGY

•
•

•

•
•

•

•
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IV PROBLEM DEFINITION

To give access to locations having dirty, dangerous and
uneven surfaces.
The design of these types of robots' structures
contributes greatly to environmental adaptability and
walking stability in dynamic and vicious non-structural
environments.
It provide a 3D mapping of the area that is under
inspection with incorporating different type of camera
and sensors and a night vision camera.
With the help of Raspberry pi and RANSAC & ICP
Algorithm, the robot can be remotely driven via
Laptop or remote.

•

The Project involves making this robot which is
incorporated into the kinematic walker mechanism and
controlled by remote.
This robot can walk slowly with a stiff gait on any
surfaces and carries a limited load. It could be used in
sewer maintenance for surveillance or any other kind
of mishaps where standard wheeled mechanisms
struggle to tread on.
The robot work similar as the drone system the only
difference is that, it walk on ground. This robot will
integrate RGB-D and Night Vision camera to create a
rough map of the area for further inspection.
This kinematic walker is a machine with six legs
which can walk on any surface. It is an arrangement of
six joint linkages driven by a single motor.
This system is similar to a spider like six legged
insects. The motor can be powered by a battery. The
kinematic walker consists of six legs that provide
motion to move simultaneously.
The primary benefit of legged robots is their capacity
for wheeled robots to reach areas that are difficult. It
may be possible to enhance the efficiency of mobile
robots by copying the physical structure of legged
animals. Scientists and engineers should incorporate
the related biological principles in their design to
provide more stable and faster walking.
Legged robots can be used after earthquakes and in
unsafe areas, such as the inside of a nuclear reactor, for
rescue work, offering great potential to biologically
inspired autonomous legged robots. Further advantages
of walking robots are low power consumption and
weight, so it is necessary to use the minimum number
of actuators.
We presented a speed control system for a low power
DC motor made with the help of an Raspberry pi and
the L293 driver. The speed of rotation of the DC motor
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•

is changed by means of apotentiometer. The speed of
rotation is measured using a Hall magnetic sensor.
The DC speed control system can also be used for the
command of the industrial robots. If we use Raspberry
pi and two NRF24L01 shilds, we can realize the
wireless remote control of the DC motor.

b) RGB-D CAMERA/SENSORS (Image Obtained)

D. GAP IDENTIFICATION

•
•
•
•

Improving the robot through remote control settings.
Introducing 3D mapping of the robot’s environment
via RGB-D camera/sensor.
Installing Night Vision Camera for more clear view
and for ease of remote access.
Using more Water Resistant materials for less wear
and tear and extending life of the robot.

E. APPLICATIONS

•
•
•
•
•
•
•

Mountain transport
3D Map of the environment
Disaster relief and rescue
Military affairs
Satellite detection
Mineral exploitation
Debris Searching and Rescue

Fig 2: Image obtained from RGB-D Camera
c) Night Vision Camera (Image Obtained)

F. ADVANTAGES

1.
2.
3.
4.
5.
6.
7.

Higher Battery Life
Moderate Speed with aiding speed capability
Greater mobility on any surfaces
Improved frequency range for remote controlling
Improved isolation from terrain inconsistencies
360 degree of rotation can be achieved.
Can be moved on any uneven surface.

G. Figures and Tables

Fig 3: Image obtained from Night Vision Camera
d) Block Diagram

a) Kinematic walker mechanism

Fig 1: Kinematic Walker Mechanism

Fig 4: Block Diagram for Remote Controlling
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E. COMPONENTS
• Supporting Bar
• Center rod
• Main Leg
• Supporting Leg
• Gear and Chain
• Raspberry pi
• RANSAC & ICP Algorithm
• NRF24L01Shilds (DC Motor)
• L293 Driver
• DC Motor
• Remote Settings
• Battery
• Sensor
• Camera (RGB-D & Night Vison Camera)
E1: Supporting Bar
The bar was designed to use bolts and nuts to link both the
main legs and supporting legs. Normally, the mechanism
consists of four supporting rods with sufficient gaps. The
overall mechanism width is calculated by them. They serve
as support for the entire connecting rod, legs and motor
arrangement. Drills are made in accordance with the
position of the holes in the connecting rod and the legs at
appropriate positions. To improve the ease of drilling and to
decrease the weight, the thickness of these bars is generally
less.

Fig 5: Supporting Bar
E2: Centre Rod
The centre rod was designed to screw and bolt together with
the main legs and supporting legs to join the nuts and bolts.
A threaded rod is a relatively long rod that is threaded on
both ends, also known as a stud; the thread can extend along
the rod's full length. They are intended for use in stress.
Threaded rod is also called all-thread in bar stock shape.

Fig 6: Centre Rod

E3: Main Leg
Biological systems are also influenced by legged robot
locomotion mechanisms, which are very effective in moving
through a broad range of harsh environments. Each leg must
have at least two degrees of freedom in order to make the
legged robot mobile. With the assistance of drilled holes, the
main leg is paired and connected with the supporting legs.
At least two degrees of freedom, one for lifting and one for
swinging, are required to move a leg forward.

Fig 7: Main Leg
E4: Supporting Leg
This supporting leg was designed to support the main legs
and to provide the system with stability.

Fig 8: Supporting Leg
E5: Gear and Chain
For the motion system, there are three spur gear and one
chain that is meshed with all three spur gear. Of the three
spur gear, one is connected to the "Driving gear" motor or
engine shaft and the other two are chain-assisted meshes
with driving gear. All these, like a spider, give the walking
motion to the leg.
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Fig 9: Gear and Chain Assembly
E6: Motor
An electric motor is an electric machine that transforms
mechanical energy into electrical energy. With a motor
mounted on the walker, the gear is fixed. By welding it into
the walker's frame, the motor is attached to the walker. The
supply is then provided to the engine for the mechanism to
operate. The battery or mains can drive the engine.
Fig 12: L293 Driver
E9: RGB-D Cameras/Sensors
A RGB-D image is simply a combination of a RGB image
and its corresponding depth image. A Depth image is an
image channel in which each pixel relates to a distance
between the image plane and the corresponding object in the
RGB image.

Fig 10: Motor
E7:NRF24L01Shilds
With the Raspberry Pi NRF24l01+ Shield Add-on for the
Raspberry Pi’s 32PIN Connector, you can easily connect a
NRF24l01+ module and use the convenient prototyping area
for connecting a variety of electronic building blocks at the
same time.

Fig 13: RGB-D Cameras/Sensors
E10: Night Vision Camera
A Night Vision Cameras use infrared light to illuminate
images in the dark. We can’t see it, but infrared light is
actually all around us. The cameras detect these invisible
infrared wavelengths, enabling the camera to see in the dark.

Fig 11: NRF24L01Shilds
E8: L293 Driver
The L293D is a popular 16-Pin Motor Driver IC. As the
name suggests it is mainly used to drive motors. A
single L293D IC is capable of running two DC motors at the
same time; also the direction of these two motors can be
controlled independently.

Fig 14: Night Vision Camera
V.RESULT

The testing of working model of robot was decided by
providing specified dimensions to the mechanism. The
model was designed in Solid Works and the prototype was
fabricated with accurate dimensions of right and left motion
and for controlling the movements the controller was made.
We programmed the 3D mapping using C++ coding, by the
successful integration of RGB-D camera/sensors. We also
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have taken live interface from an installed night vision
cameras on the robot. We also successfully programmed the
Remote Controlling of the Walker through Python Coding
with the help of Raspberry Pi. The Kinematic Mechanism
that was the main integration of the robot was successful for
treading on uneven surfaces.
Therefore, the planned "Kinematic Robotic Walker with 360
Degree Motion with Camera" concept and produced
prototype. Since we named SPYDERBOT which is derived
from two names i.e. SPYDER form Spider Mechanism
another name for kinematic walker mechanism and other
word BOT from Robot.

VIII. FUTURE SCOPE OF WORK
By using various connection lengths for the front,
middle and hind legs, this process can be made more
flexible.
Artificial Intelligence and IOT can be induced by
introducing Sensors and vision to improve the
effectiveness of this robot in future.
Range of motion and moments available at each joint are
the greatest concern as it is important for achieving stance
and insect like walking.
The air system can also be introduced to use system in both
aerial and ground roots.

VI. OBSTACLE CLEARANCE
The main motive of constructing the sypderbot was to
overcome obstacles comes within the approach wherever the
wheeled robots are helpless. Like in rocky surface the
wheeled bot cannot pass over a rocks or even small stones
and in desert or in sand the wheeled bots get struck and slip.
Whereas sypderbot locomotion is primarily based totally on
choosing and pushing mechanism and its extensive stability
can easily conquer rocky and sandy terrains. Due to this
aspect, Spyderbot can be used in defense and in military
applications such as mine detection and espionage. It can be
used in research and exploration in such areas where men
cannot reach such as in volcanic research. This concept can
also be used for exploration and testing of samples on other
planets and asteroids.

XI. ACKNOWLEDGEMENTS
The research papers and the research behind it would not be
possible to complete our report. The knowledge and
exacting attention to detail have been an inspiration and
kept my work on track so that it can be also help our
research and we are grateful to our guiding faculty and the
institute to support work.

VII. CONCLUSION
A six-legged robot is being developed in this project. It is
used to step over curbs, climb stairs, or travel into areas with
wheels without microprocessor control and other actuator
mechanisms that are not currently available. It would be
difficult to compete with the efficiency of a wheel on a
smooth, hard surface, but as the roughness of the path
increases, this linkage becomes more viable and wheels of
similar size cannot handle obstacles that this linkage is
capable of. Further, pivoting arms would be used for
optimization.
The remote control is used for moving the robot as well as
make 360° rotation.The RGB-D camera/Sensor helps create
a 3D Map of the Robot's environment.The Night vision
camera helps to guide the user in darker environments.
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Abstract— Energy is essential for the economic
growth and social development of any country. The
quality of life is closely related to energy consumption,
which has continuously increased over the last few
decades in developing countries. The design of a
hybrid electric power generation system utilizing both
wind and solar energy for remote area is today’s need.
This has resulted in the way to answer increasing
deficit between supply and demand. Energy supply is
directly related to social upliftment and economic
development of a society. Traditional energy
generation consist a large amount of investment along
with a negative impact on the nature. Renewable
energy is an option moreover combination of more
than one sources is proven to be more effective.
Hybrid Power Generation will provide energy with a
positive impact towards nature & society making it a
green resource. An idea is the combination to enhance
the effectiveness and moreover to reach the supply of
need of the enormous demand. Complexity arises
when determining the optimum design, size,
functionality, materials, distribution, and mechanism
of each system as they are combined to ensure system
reliability and optimal outcomes. However, the
methodology suggested in this study could increase the
utilization of renewable energy resources feasibly and
at the same time increase the energy security of the
country by decreasing dependency on imported
energy.
Keywords—Solar Panels, Wind Mills, Battery, OffGrid Connectors, Inverters, Particle Swarm Technology,
MATLAB, Hybrid Renewable Energy.
I.

INTRODUCTION

Environmental
protection,
energy
resources
conservation, and sustainable energy development are the
core challenges that the world is facing nowadays
especially in hard times when crises have prevailed. A
hybrid system consisting of wind and solar renewable
energy sources is more beneficial than a system that only
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depends on one source of energy. Also, the power supply
from a hybrid system is more stable and reliable. In
addition, optimization of hybrid renewable energy
system is crucial for researchers to maximize the energy
output from the system with the lowest cost and highest
reliability.
The initial cost of solar PVs and wind turbines are
higher than the diesel engine generators of comparable
size but the operating and maintenance costs are always
lower. Considering the need of electric supply is never
ending the high initial cost is always in favor of green
and low cost energy. Harvesting small amounts of wind
energy, on a large volume of scale provides a significant
contribution toward global renewable energy.

BLOCK DIAGRAM
The energy conversion process through commercially
available small wind turbines includes blades that
convert the wind energy into rotational mechanical
energy on the shaft and an electric generator that is both
simple in design and manufactured in small quantities by
the wind turbine developer or retrofitted off-the-shelf
general purpose machine.
PROBLEM DEFINITION
A. PROBLEM STATEMENT
Design and Fabrication of a hybrid power system
depending on solar and wind energy able to adjust to
changing weather and supply desired power.
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B. OBJECTIVES
The main objective of our project is to design a model
which makes maximum utilization of renewable
resources. Working of this device without being affected
regardless of weather changes. Storing of the power
produced while also providing supply of power. No use of
external energy power sources.
LITERATURE SURVEY
C. SOLAR ENERGY GENERATION
Solar energy is the production of power by absorbing
the radiation exterted by the sun. It is the most available
renewable energy as almost whole planet receives a
considerable amount of solar radiation. Basic production
unit consists of PV modules of silicon base commonly
known as solar panel which absorb the radiation and give
a dc output of energy. PV module efficiency is greatly
affected by the ambient conditions and also by the angle
at which the modules are inclined. Stationary modules
receive maximum radiation only once through the day
which causes fluctuations in energy output. Solar energy
is greatly used in desert areas and also through small scale
application like lamp posts. Smaller pv cells are used for
components like calculators , clocks etc.[4][7][10]
D. WIND ENERGY GENERATION
Wind energy works on basic example of electricity
generation. The shaft is being rotated by the rotor which
is coupled to the wind turbine. The kinetic energy of wind
is thus used to rotate the turbine and produce electricity.
Wind is a form of energy which is available and can be
used at places where traditional overhead wire supply
cannot be reached. Major applications of wind turbines
are found on high altitude plains and plateaus. Also, it is
available throughout day and hence can be harnessed for
continuous output. The energy output is heavily affected
by the speed of wind. Types of wind turbines include
Horizontal axis Wind Turbine and Vertical Axis Wind
turbine where the latter rotates irrespective to the
direction of the wind.[3]
E. HYBRID ENERGY SYSTEMS
The systems consisting of more than one component
or combination of two or more components are termed
hybrid systems. Here hybrid term states the combination
of solar panels and wind turbines which charge a single
battery to power a specific component. Existence of these
systems is research specific and experimental.
Commercialization of these systems are yet to be made a

These systems have a high initial cost but the long
life span less maintenance make up for that disadvantage.
Also, conversion of one power source is required as the
power is not only ac or only dc.
F. LITERATURE SURVEY TABLE
In order to better understand the research, the entire
data was put forth in a tabular form to make the literature
more readable.
TABLE I.

Cite
tion
no.
[1]
[2]

[3]

[4]

Conclusion

HYBRIDS2, HOGA,
Particle
Swarm
Technology
HOMER software

Algorithm approach of
optimization is obtained

[5]

Analogous approach
with
actual
experimentations

[6]

Wind mill
alternations
positive
footprint

[7]

Study of systems
through
modelling
and simulation

[8]

Integration of unit
within a specific
application
Particle
swarm
approach
Comparison
with
traditional Solar and
wind system.

[10]

F.TRUE HYBRID RENEWABLE SYSTEM.

Methodology

Wind turbine blade
design
is
being
altered to improve
efficiency
Microcontroller
to
shift power

[9]

wide scale.

LITERATURE SURVEY TABLE

●
●

design
with
power

Using
of
software
techniques to improve
life and obtain the overall
cost
Design
approach
to
improve the conversion
factor
by enhancing
mechanical efficiency
A controlling device to
switch powers in mode of
fluctuating output to
minimize the variation is
done
A fully functional unit is
designed to study this
type of system and
installed at a location
specific spot.
The
design
changes
suggest to reduce the area
occupied by the system to
increase
power
production with smaller
area
Basic idea generation for
a
topology-based
application
is
being
discussed
Possible integration of
HRES with a component
Minimization of panels to
increase output
A proof of increase in
output by combing the
solar and wind plants to
form a HRES.

G. GAP IDENTIFICATION
Less focus on small scale applications
Effect of Weather changes
reduced by improved design

can be further
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●

Wind mill design can be made compact and
designed such that it can turn irrespective of wind
direction

●

The weather changes is not considered for solar
panel.

●

Extra energy can be stored in battery.

●

H. APPLICATIONS
Rural regions lamp post.

●

Power Unit for agricultural equipment.

●

Moderate altitude regions.

●

Beaches.

●

Roof tops & Terrace.
METHODOLOGY

The uncertainty of the weather changes affecting the
sun and the wind are being recognized and discussed thus
deciding to implement the hybrid technology.
Considering the dependencies on nonrenewable
sources currently because of unreliability of extracting on
renewable resources to its full extent the design
improvement is considered for wind turbine i.e. firstly
between VAWT (VERTICAL AXIS WIND TURBINE)
and HAWT (HORIZONTAL AXIS WIND TURBINE)
thereby choosing VAWT because of its significant
advantages improving the lifespan and the ease in
integration of the design [3]. Solar energy is that energy
which we get from the sun in form of radiation.
It does not cause any kind of pollution, it is
inexhaustible. It is available free of cost. Specially, in a
country like India where sun shines for almost 300 days
in a year, it is therefore a convenient mode of electricity
production. Meager amount of investment is involved in
setting up a solar power plant and also it is quite easy to
maintain. The efficiency of the system is also quite good

components of the selected system, in HOGA
HYBRIDS, users need to simulate one configuration at a
time, the system functions by genetic algorithms, can
apply either mono or multi objective analysis.
COMPONENTS
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.

Solar Panel
LCD Display
Windmill Components
Microcontroller
Battery
Servomotor
Rectifier
Inverter
Battery
Arduino

I. SOLAR PANEL
A PV cell is utilized to transform sun-powered
energy into electric energy, it is otherwise called a
photovoltaic/solar cell. It is a p-n junction diode that
comprises two distinct layers of a semiconductor
material called as n and p area, n district is intensely
doped and is slim while the p region is softly doped and
is thick. The radiation falling on the outside of the p-n
intersection diode can go through the n side. Electron–
hole sets are created in the n and p area, because of the
distinction in potential the electrons move to the n locale
and openings towards the p area. The current begins to
flow when an outside load is associated with the
terminals of the n and p region. To make a PV panel
numerous PV cells are associated. They are associated so
that the output is added in nature.
Fig. 1.

Solar Panel model

The best part about producing electricity with the help
of wind energy is that wind is available for almost 24
hours in day, so there will not be any discontinuous
production of electricity. The output varies with the speed
of the wind
The power output of the wind turbine is AC which is
converted to DC with the help of a rectifier.
The power output of the solar is DC which can be
converted into the AC with the help of inverter depending
upon the application. The meteorological parameters for a
hybrid solar-wind system can be solar radiation, wind
speed, wind direction, relative humidity, and air
temperature.
On the other hand, the appropriate evaluation of
the load demand is a crucial requirement in which
electrical supply can be fulfilled and the annual cost can
be minimized. The optimization techniques for solar-wind
systems can be software-based such as HOMER,
HYBRIDS, HYBRID2, and HOGA.[1]
The merits and demerits of these software
methods vary from one type to another, for example, in
HOMER[2], users are not enabled to intuitively select the

J. WIND TURBINE
Wind is an inexhaustible wellspring of energy. A
wind turbine is utilized to change over the dynamic
energy of the wind into electric. The generator associated
with the shaft of the blades changes over the mechanical
energy to electric energy.
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voltage security, reverse polarity and short circuit
protection.
INVERTER CIRCUIT

M. MICROCONTROLLER
The work of microcontroller is to analyze the
contribution of the both the power systems and afterward
it operates the relay utilized, to charge the batteries.
Vertical Axis Wind Turbine
MODEL

The DC voltage utilized in the batteries is changed
over to AC with the assistance of an inverter. To the
secondary winding of the center tapped transformer
utilizes a MOSFET is connected.

The wind turbine is of two sorts relying on the turning
hub of the cutting blades, first is vertical hub wind turbine
and even pivot wind turbine. The output of the turbine
relies upon the speed of the wind. The power produced by
the setup is fluctuating. To get ceaseless inventory of
energy first the power is put away in a battery unit and
afterward it is moved to the load.
K. BATTERIES
The batteries are utilized to store the power that is
created from wind and sun oriented energy. The limit of
battery may differ contingent upon the size of wind
turbine or sunlight based power plant. Battery ought to
have low upkeep and charge leak ought to likewise be
low. Considering all these boundaries free discharge type

N. CIRCUIT
A windmill generates electricity due to magnetic
coupling between the rotating and stationary coil.
The system is based on a microcontroller which
smartly senses and charges the battery while displaying
the voltage on the L.C.D.
Solar panel which is mounted which sets itself to
maximum exposure of the daylight to charge the battery.

is the most ideal alternative accessible.
12 V Battery
L. INVERTER
As we realize that the majority of the electrical
apparatuses require AC voltage, so first the DC yield of
the batteries will be changed over into AC voltage with
the assistance of an inverter and at that point it will be
moved to the load. The inverter should be having over
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Circuit Block Diagram
III.
II.

THEORATICAL ANALYSIS

A. Solar power produced
Power Produced by Solar Panels:
The power produced through a PV panel is given
by:[4]
Ps = Ins(t) × As × ηpv
Where, Ps = Power produced by Solar Panels,
Ins(t) = Isolation at time t,
As = area of individual panel,
ηpv = efficiency of pv panels
B. Wind power produced
Power Produced by Wind Turbine:
By using the basic formula for power production
through wind turbine would be given by:[4]
Pwt = ½ × ρ × Awt × V3
Where, ρ = density,
Awt = Area of blades of wind turbine,
V = Velocity of air flow over the blades
C. Total Power produced
The total power output would depend over the
efficiency of the microcontroller to successfully integrate
the two power sources. Moreover, the quality of
programming done would also have an impact over it too.
But the theoretical power produced without any
consideration of losses is given by:[4]

RESULT & DISCUSSION

Our project is to design a model which makes
maximum utilization of renewable resources. Working of
this device without being affected regardless of weather
changes and to provide a source of power supply without
consuming power from external source. We discussed in
various ways to enhance our project for future work, this
includes using PST i.e. Particle Swarm Technique and
various algorithmic approach. Also, to design a propeller
of our windmill arrangement which will utilize every
stroke of air moving pass it and calculating an efficient
torque to weight of shaft ratio for energy generation. We
also discussed about our work plan regarding each aspect
of our project working individually as well as a team
whatever the situation demands.
IV.

CONCLUSION

Energy Industry today is majorly dependent on
Power plants and the supply system. The spot generation
technology present provide a harmful impact to
environment as well as the working individuals.
Renewable energy is an option with has to be made
sustainable and reliable. This project would help to
harness the full potential of the solar energy and wind
energy. The world today must make use of the full
potential of the green energy and this is what we would
like to propagate into the society through our project.
Through these HPES the above-mentioned potential
applications would be made self-reliable. Fluctuations
and weather changes, which cause hindrance to large
scale applications, would be tackled by reducing the
mass flow of energy through massive underground and
overhead wires. The high-level initial investment would
be break even through long span and less maintenance of
the unit.

PT = Nwt × Pwt + Ns × Ps
Where, Nwt = no. of wind turbines
Ns = no. of solar panels
D. Cost of energy production
The leveled cost of electricity (LCOE) is used to
assess the economic feasibility of the RESs. LCOE of the
energy systems can be found using Equation where the
effect of the mismatching between the demand and
energy production is incorporated by using the demand
met by the hybrid system instead of the energy generated.
LCOE = Ci + ΣLt=1 Mt/(1+r)t
ΣLt=1 Dr/(1+r)t
Where, Dr is the hourly demand meet by the system
Ci is the capital cost of the RES (USD),
Mt is the annual maintenance cost of the RES (USD),
L is the lifetime of the system (years) where it is
assumed that all the components will have the same
lifetime and
r is the annual discount rate.

V.

FUTURE SCOPE OF WORK

Considering the dependencies on fossil fuels
currently because of unreliability of extracting of
renewable resources to their full extent the design
improvements and optimizations can be made for wind
turbine as well as for solar panels
Highlighting the huge potential and enormous growth
of hybrid technology it can be good alternative during
power outages and for providing electricity in lesser
developed regions.
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Abstract— The sanitizer spraying robots are
developed to sterilize areas like houses, hospitals,
offices etc. Disinfection is carried out by spraying
sanitizer during the automatic movement of robot
using obstacle detection and collision avoidance
algorithms. Robots play an important role for regular
sterilization procedures. Carrying out these works by
robots is especially relevant in the context of the
coronavirus pandemic. This project discusses about
the use of robot for sanitizer spraying in order to
disinfect surrounding. The robot will be IoT as well
Bluetooth compatible and can be operated using
Android App. Multiple sensors such as the IR sensor
for collision detection and ultrasonic sensors for
obstacle avoidance would be used in order to make the
robot autonomous. Level of sanitizer will be also
reported as well as a local and remote alert indication
methods would be used in this system. This robot can
be used for other purposes also such as spraying
pesticides, fertilizers or also for watering the plants
etc.

sorts of microorganisms while others kill a narrower range
of disease-causing organisms. Various types of robots are
deployed all over the world to help with the COVID 19
crisis: They are monitoring patients, sanitizing hospitals,
making deliveries, and helping frontline medical workers
reduce their exposure to the virus. Not all robots operate
autonomously—many, in fact, require direct human
supervision, and most are limited to simple, repetitive
tasks. Our robot is also one of the efforts to provide
autonomous solution for sanitizing and disinfection.

Keywords—Internet of things (IoT), sensors, wifi,
Node MCU)

III. OBJECTIVES
a) The overall objective of this robot is to maximise
the safety of the warriors who has been absolutely ruthless
and staunch in their profession and are risking lives to keep
others out of danger. This also minimizes the hefty man
work as they can preserve their quality work and use it in
some other way.

I. INTRODUCTION
To prevent the spread of the coronavirus inside
hospitals and other public places, it becomes essential to
keep surfaces disinfected. But the manual cleaning process
is dangerous, considering the chance of getting infected.
That’s why it's an ideal task for autonomous disinfection
robots. UV is clinically proven as an efficient disinfectant.
It kills diseases, viruses, bacteria, and other varieties of
microorganisms within the environment by breaking down
their DNA-structure. Ultraviolet lamps suit small spaces,
like hospital rooms, also as larger areas like theatres,
airports and malls. This is one of the non-chemical-based
disinfection methods. There are other ways to rapidly kill
bacteria by using chemical disinfectants. These
disinfectants kill bacteria by damaging their proteins or by
interfering with their metabolism. The selection and
intensity of a disinfectant depend upon its requirements –
some have a wide-spectrum, that is, they kill many various

II.

PROBLEM STATEMENT

To develop a system which is capable of performing
following actions. Spraying Sanitizer through robot with
manual as well as autonomous mode. Level Monitoring
(Quantity Measurement) for Sanitizer Level. Control
through Android Phone over Bluetooth. Data monitoring
through IoT. Collision Avoidance and Obstacle Detection
should be included in Robot Mechanism for different
modes of control. Rechargeable as well as cloud
controlled.

b) To prevent the spread of coronavirus (and
everything else) through hospitals, malls, industries,
automobiles, school and colleges, public markets, places
etc. keeping surfaces disinfected is incredibly important,
but it’s also dirty, dull and dangerous. And that’s why it’s
an ideal task for autonomous robots. This lends the tedious
task of sanitizing a particular area or object n number of
times as dust or germs gathers very oftenly and
periodically.
c) This can also prevent to keep the public and
directly contacted machines sanitized which is touched
throughout the day time like hand sanitizers, tissue paper
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dispenser, water dispenser, doors, counters, office chairs,
windows, hospital beds, opds and all such stuffs.

2D MODEL

Looking at the variety of necessity of this demanding
autonomous robot and to create a crisis into opportunity
this equipment will be upgraded and can be made compact
so that it can cover and sanitize .
iv. PROPOSED METHODOLOGY
The Node MCU is the microcontroller that would be used
in this system. It supports Wi-Fi and hence is used for
making this robot IoT enabled. A L298N motor driver will
be used to drive the motors connected to drive the robot.
Out of the 4 wheels of the robot, 2 wheels of the robot will
be powered using motor while 2 wheels would be dummy
wheels. The robot will be powered using rechargeable
batteries. Bluetooth module HC-05 would also be used so
that the robot can also be controlled using Bluetooth
protocol. An IR sensor or more specifically a liquid sensor
would be used to keep a count of liquid used for
sanitization. A pump motor along with a sprayer nozzle
will be used to spray liquid. This would be controlled
using a relay. The movement of the robot can be controlled
using the android app and the spraying mechanism would
be made semi-autonomous by having a predefined loop for
it. The robot can also operate in fully autonomous mode as
it will have IR sensor for collision avoidance and
Ultrasonic sensor for obstacle avoidance. An android app
will be developed for controlling the robot. The android
app will have an intensity control for sanitization. This
robot can be used for other purposes also such as spraying
pesticides, fertilizers or also for watering the plants etc,
v. SYSTEM ARCHITECTURE

Figure 2.0 ( 2D model)
vi CONCLUSION
Internet of Things is far and wide castoff in relating
devices and gathering statistics. This sprayer bot serves as
a reliable and efficient system for sanitation facilities. It is
cheaper in cost and consumes less power. The system can
easily be used in the current scenario of COVID-19 to
sprinkle sanitizers over the city. It can be easily managed
using android application which is user-friendly.
Advanced and powerful machine learning models can be
used to make the system more effective, efficient and
precise. The robot reduces physical work by spraying
sanitizer and can be used for spraying other liquids too.
This sprayer bot is cost efficient and saves time.
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Abstract-Despite the perception people may have
regarding the agricultural process, the reality is that
today's agriculture requires some upgraded engineering
technology to carry on farming more efficiently. There is
the rapid emergence of technology in every industry but
the agriculture industry somewhat lacks it. So, the main
aim of the paper is to design and fabricate a one-day rice
farming machine. In these papers, we are going to
discuss the traditional ways of rice cultivation. As in the
traditional way of rice farming, there are long multiple
procedures that affect the efficient growth of rice
farming. So, in these papers, we are going to design and
Fabricate a machine that can help to reduce the multiple
procedures that normally take a long time. These
machines will increase the productivity of the rice
cultivation using System Rice Intensification [SRI] and
coating the seed with calcium peroxide before sowing.
These projects will ultimately reduce the cost of the
farmers by 20% to 30% and will also reduce the time for
rice cultivation. Along with these, the machine will also
have an organic fertilizer tank to fertilize the
agricultural field after sowing and after one month of
farming we also remove weed by using weed remover
machine.
Keywords - System Rice Intensification [SRI], direct
sowing,caco3.
I.

INTRODUCTION

This project presents a machine which involves all the
process in rice cultivation farming in the single machine
itself and also increases the seed productivity in direct
sowing by using the calcium peroxide. In traditional farming,
many processes are involved which consumes many days
and lots of capital. This machine, a seed feeder machine is
run by the pneumatic air system (Air blower). The planer of
a rotavator is modified by adding multiple sharp-pointed
notches at its edge to make equally distance lines on the land
field for equal distribution of seeds. We also coated the
presoaked seed with a layer of calcium peroxide and heating
and decreasing the cost of farming by (20 to 30) % as
compared to that of traditional farming.
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II.

EASE OF USE

A. Why direct sowing?
The main advantage of this machine is that entire rice
farming is automated from direct sowing to feeding a
fertilizer in a land field.
Which makes rice farming more affordable enhances
productivity and reduces effort and time. Multiple farming
processes are included in one machine itself which
ultimately reduces labor cost and long days of farming. This
process can be activated on a single day after the heavy rain
maybe 3-4 hours later.
The most forceful motivation of the machine is:
In rice farming, there is a large gap between the seed price
and processing fee
i.e. 1500 ₹ and 7000 – 7500 ₹ respectively.
In 2016 around 11,370 farmers had committed suicide in
India and from 1995 till today 296,438 farmers committed
suicide.
So, we have taken this problem as an opportunity to reduce
cost and enhance productivity
B. Properties of rotavator
1. Prepare the field in a single operation.
2. Carries out secondary tillage operation such as narrowing
and leveling in a single operation.
3. Destroys weeds incorporate seedbed in both wet and dry
conditions.
4. save time, Labors, and cost.
C. Abbreviations and Acronyms
1. SRI – System Rice intensification.
2. CaO2 – Calcium peroxide
III.

LITERATURE REVIEW

The system rice intensification (SRI) is a new approach to
the cultivation of rice. It is come out to be more reliable and
more productive than the traditional method. Calcium
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peroxide coated rice seed promotes better germination and
seedling growth in flooded soil. Studies have shown in
direct sowing seed without a coating of CaO2 remains
unstable and degrade after some time. The presence of
silicon in soil reduces the chances of the plant causing
diseases. There is some percent of silicon present in soil
naturally but the required amount needed to be there in the
soil so it is added externally finally silicon in soil
ensuresbetter shoot, root elongation, and productivity of rice
plant.
A. LITERATURE SURVEY
Manabu Tsuchiya, Toru Sato & sachio Maruyama
In this research, it is found that indirect sowing seed coated
with calcium peroxide (CaO2) promotes germination and
enhances seedling growth in flooded soil. In a graph of plant
length vs. day after sowing (DAS) growth of the plant is
enormous with coated seed than non coated seed.
This suggests that the effect on seedling emergence is less
stable than that of seed coating hence seed coating increases
shoot and root elongation.
Dominic Glover
The SRI claimed to be more productive and more
sustainable than the conventional method.
The plants are kept at some distance apart get more
nourishment because every plant after seedling gets good
exposure to sunlight. This also helps in removing weed from
the soil after 1-1.5 months of sowing from adopting these
methods, including dramatically increased field, more
efficient resource use (especially water, and reduces pest
and disease).
The world's bank president Robert Zoellick said ―
SRI
helped farmers in Tamil Nadu to increase their rice yield by
between 30 to 40 % (Zoellick 2009).
L.E Datnoff, C.W Daren and G.H Snyder
In this research it is found that silicon is known to reduce
plant disease especially in rice and silicon has become a
routine practice in Florida rice production. Different rice
disease suppressed by Si fertilization is leaf scald, caused by
gerlachiaoryzae W. gams, sheath blight caused by
RhizoctoniasolaniDonk,
and
stem
rot
caused
magnaportheSalvini R. Krause and R. K. Webster.The layer
of silicon(Si) is believed to prevent physical penetration and
makes plant cell walls less susceptible to enzymatic
degradation by a fungal pathogen.Japanese growers
routinely apply 1.5 to 2.0 mg ha-1(Mega grams) of basic slag
from steel mills as Si source before planting rice.
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IV.PROBLEM DEFINITION

problem that is seen in rice cultivation is that the farmer
spends a huge amount of time in multiple procedures. For
these, the farmers also have to spend lots of money on the
labor and various other operating machines for each
different process. Hence our project mainly focuses on
reducing the cost, time, and enhancing productivity of rice
farming.






B. OBJECTIVES
To create a plane or even an agricultural land field.
To pour rice seed at equal distance(e.g 10-10cm apart).
Spraying silicon-based fertilizer in the agricultural land
field.
Removing weed using weed remover machine.
C. METHODOLOGY
The methodology that we have followed in our rice
farming machine (refer below figure A1) on rotavator we
have fixed two major components i.e. fertilizer tank and
seed storage tank and seed sowing is done by pneumatic
air system (Air blower) and Seed storage tank contains
coated rice seed. So in beginning rotavator is fixed with a
tractor by mean of side support and shaft help in the
motion of bevel gears and power from bevel gear is
supplied to rotor, piston in fertilizer tank and finally to
pneumatic air system (Air blower) through chain drive. In
Seed storage tank presoaked rice seed is already mixed
with a calcium peroxide thoroughly by externally means
coated seed is stored in a seed storage tank. Seed is sown
into an agricultural land field that we will see later.
Coming on rotavator it is composed of rotor, planar, and
line maker segment (for an extruded strip making on a
land field) this line maker notch is attached to planar, and
followed by this there are 4 pipes are there for sowing
seed on the ground. (FIGURE A1)

SRI is also helpful in removing weed easily after one
months of the plantation by using weed remover machine.
Above sketch is also known as an SRI technique coming
back to the method when the seed is in a tank with the use of
a pneumatic air pressure system and a venture effect as like
simple carburetor. The coated seed is withdraw and poured
to the land field through the pipe entire withdrawing and
pouring of seed take place at the same time fertilizer is also
poured to the land field by fertilizer tank.
D. GAP IDENTIFICATION

A. PROBLEM STATEMENT



This project is mainly designed for solving the main
problems of the farmers during rice cultivation. The




Huge cost differences in rice seed and procedure of
farming i.e. 1:7 respectively.
Multiple procedures in rice farming.
Less efficiency.
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E. Application





Plowing
Automatic fertilization
Disease resistance
Direct sowing

F. Advantages







cost-effective
easy to use
includes all multiple procedures
increases productivity
better fuel economy
uniform distribution of seeds

G. Figures and tables
a) Rotavator assembly

d) Weed remover machine

b)

c)

107
e)

Block diagram

each seed so that each plant gets an ample amount of
sunlight, as well as oxygen and important nutrients from
the atmosphere, gets absorbed by the soil. These methods
of rice farming are called System Rice Intensification
(SRI). These whole machines will be available for the
farmers at a very reasonable price so that they can afford
and use it very easily.
CONCLUSION

E. COMPONENTS










Metal sheet
Weed remover machine
Pneumatic air system (Air blower)
Tank or condenser
Spray pump
Metal pipe
Chain
Nozzle
Piston pump

RESULT
The working model of the rice farming machine was
designed on solid works software with the proper
dimension and configuration. There is a bevel gear
inside a rotavator which is used to run a rotor and other
component through chain drive. Pneumatic air pressure
system inside a seed tank is provided with a proper
pressure to carry a seed properly throughout all pipes.
After making the design on solid works software we
took our machine for analysis on Ansys software. When
our machine i.e. rotavator and other equipment like
fertilizer tank, seed storage tank, pneumatic air pressure
system (all are assembled) are in an agricultural land
field while functioning machine accept some forces that
are analyze on Ansys software in this way overall
design, analysis, and fabrication of rice farming machine
is done.
OBSTACLE CLEARANCE
The main motive for making such an agricultural
machine was to overcome the obstacles or the problems
faced by the farmers while cultivating rice. In the
traditional way of rice farming, there is a huge usage of
water; such a process carries a lot of time. These
traditional ways of rice farming also involve a large
number of labors working in the field for which the
farmers use to pay a huge amount. Also, in these
traditional ways, the rice crops grow in very congested
space. So our project will help to clear all the obstacles
that are there in rice farming. With the help of our
project, the rice is sowed with proper spacing between

In this project, a rice farming machine is developed. At
the time of direct sowing seed are kept at an equal
distance of 10cm. This ensures that each plant will get
good exposure to sunlight and oxygen will help in better
germination. On the side by side, fertilizer is poured on
the land field for good productivity of rice seed. Rice
farming takes around one month from pouring of seed on
the ground and after one month weed is removed using a
weed remover machine. In our rice farming machine, it
takes only one day which helps farmers to save time and
earn some extra wages at some other work by this both
farmers and rice farming will get benefitted.
FUTURE SCOPE OF WORK
In these projects, we are solving the basic problems that
are faced by the farmers in rice cultivation farming. So
further for the future uses it can be made more flexible by
adding some agricultural equipment which is required for
rice crops. This machine is fully automated and better for
future use.
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Abstract-Agriculture

remains the sector which
contributes the highest to India’s GDP but the available
traditional techniques like drip irrigation, sprinkler
irrigation etc. need some advancement in this field. Now a
day there is huge enhancement in technology which has a
significant impact on various fields. But farmers are still
facing many problems and one of the major problems is
water scarcity, according to the survey large amount of
land has turned barren due to water scarcity. The main
aim of this project is to process real-time data acquisition
under irrigation automation; hence it is essential to
monitor and control irrigation parameters like water,
moisture according to plant requirement. This system
uses soil moisture sensor to measure moisture content in
soil, the data is collected and process in the arduino. This
project focuses on improving the efficiency of irrigation
process and precision water delivering can be done by
this method.
Key Words: Water Management, Agriculture,
Irrigation, Water quality, IoT, Arduino.

1. INTRODUCTION
India ranks second within the list of the world's largest
populated countries. The present population of India is
estimated to be around 1.324 billion, which accounts for
17.74% of the world's population. India is a prime
agricultural country since approximately 61% of its available
land is cultivated using various crops to feed an ever-growing
population. Agriculture is facing many problems as of today
and many kinds of research are being carried out to improve
agricultural practices.
Agriculture is certainly the most important livelihood
provider in India. Hence the need for water is also increasing
day by day and unplanned use of water inadvertently results
in wastage of water. This suggests that there is an urgent
need to develop a system that will prevent water wastage
without imposing pressure on farmers. Crop quality is
predicated on data collected from a field like soil moisture.
Developing IoT technologies can help to gather a great deal
of environmental and crop recital data.
This project presents an irrigation monitoring and controlling
system. The system is developed to monitor the
environmental conditions such as soil moisture content and
water level of agricultural land for controlling the irrigation.
The real-time conditions sensed data is sent to the cloud
server for storing and deciding and controlling actions for the
future also.
2. RELATEDWORK

humidity and soil moisture sensors are put in the root zone of
the plant. With the help of the sensed values the
microcontroller is used to control the supply of water to the
field. [1]
Dinesh V.Rojatkar and SonaliD.Gainwar (2015) presented a
paper in which soil specification such as pH, humidity,
moisture, and temperature are evaluated for getting high yield
from the soil. This system is completely automated which
turns the motor pump ON/OFF as per the moisture content in
the soil. The present field situation is not intimated to the
farmer [2].
V. R. Balaji and M. Sudha(2016) proposed a paper in which
the system derives power from sunlight through photo-voltaic
cells soil moisture sensor has been used and based on the
sensed values PIC microcontroller is used to ON/OFF the
motor pump. Weather forecasting is not included in this
system [3].
R.Subalakshmi (2016) proposed a paper to make irrigation
system simpler, the complexities involved in irrigation is
tackled with automation system using microcontroller and
GSM.
Based on the sensedvaluesfromsoil moisture,
temperature, andhumiditysensors, theGSM sends a message
to the farmer whenthese parameters exceed the threshold
value set in the program. The nutrient content in the soil is
not determined by this system [4].
Karan kansara(2015) proposed an automated irrigation
system where the humidity and temperature sensors are used
to sense the soil conditions and based on that microcontroller
will controlthewaterflow. [5]
Prof C.H.Chavan and P.V.Karnade (2014) proposed a smart
wireless
sensor
network
for
monitoringenvironmentalparameters using Zigbee. These
nodes send data wirelessly to a central server, which collects
data, stores it and allowsitto beanalyzedthendisplayed as
needed, and also be sent to the client mobile. Weather
forecasting and nutrient content are not determined in this
system [6].
G.Parameswaran and K.Sivaprasath (2016) proposed a smart
drip irrigation system using IOT in which humidity,
temperature, and pH sensors are used. Irrigation status is
updated to the server or local hostusing personal field
condition without internet [7].
S.Reshma and B.A.Sarath (2016) proposed an IOT based
automatic
irrigation
system
using
wireless
sensornetworksinwhichvarious sensors are used to measure
the soil parameters. This system provides a web interface to
the user to monitor and control the systemremotely. Weather
monitoring is not done in this system [8].
Joaquin Gutierrez(2013) proposed a gateway unit that
handles sensor information, triggers actuators, and
transmitsdatato a web application. It is powered by
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photovoltaic panels and has a duplex communication link
based on a cellular internet interface that allows for data
inspection and irrigation scheduling to be programmed
through a web page [9].
Yunseop Kim (2008) proposed a paper in which the field
conditions were site-specifically monitoredbysixin-field
sensorstationsdistributedacrossthe field.GPSand wireless
communication have beenused to intimate the farmer.
Without the internet, the farmer cannot access the
information about the current field status [10]

3. PROBLEM STATEMENT
The increasing consumption of water in agriculture leads to
the problem of water shortage. This project aims to develop
smart irrigation which measures the moisture of the soil and
turns on or off the water supply according to the need.
Cost-effective solar power can be the answer to all our
energy needs. Solar-powered smart irrigation systems are the
answer to the Indian farmers, who generally face the problem
of frequent power cuts or non-availability of grid supply.

4. PROPOSED SYSTEM
The system has three major parts sensing part, a control
section, and the output section.
 The solar panel will be connected to the battery where the
power will be stored
 GSM module, Arduino Uno, relay module, and soil
moisture sensor will be connected in a circuit with jumper
wires.
 Arduino will be a program by the user and it will process
the collected data
 Relay module will be used to on-off the switch of the
motor
 GSM module will be used for communication between the
user and the system
 Soil moisture sensor will sense the moisture content in the
soil
 The system will ON/OFF according to the moisture present
in the soil

5. COMPONENTS SPECIFICATION
1) Arduino Uno:
 High performance, low power AVR 8-bit
microcontroller.
 131 powerful instruction-most single clock cycle
execution.
 Fully static operation.
 32×8 general purpose working register
2) GSM SIM module:
 SIM900A is a dual band variant support two frequency
each
 Lots of tutorials are available to learn this module
perfectly
 SIM900A is used worldwide because it can be operated
in all four GSM bands used across the world
 It is best for beginners
3) Relay module:

 This double channel relay module is used for switching
two high powered devices from your Arduino
 This module come with two opt coupler ICs which allow
good isolation between relay and Arduino
4) Soil moisture sensor:
 Operating voltage: 3.3V to5V DC
 Operating current: 15mA
 Output digital: up to 5V adjustable trigger level from
preset
 Output analog: up to 5V based on infrared radiation
from fire flame falling on the sensor
 LEDs indicating output and power PCB size:
3.2cm×1.4cm LM393 based design
5) Water pump module:
 Operating voltage: 2.5 to 6V
 Operating current: 130 to 220mA
 Flow rate: 80 to 120 L/H
 Maximum lift: 40 to 110mm

6) Solar panel:
 10 V Solar panel will be used.

6. FLOW DIAGRAM

‘Fig 1’. Flow diagram of complete system
7. ACTUAL WORKING:
The main operating principle behind this system is in
connecting the soil moisture sensor, which was
previously embedded into the plant, to the Arduino that
will be connected to other electronic equipment.If the soil
moisture content drops below a definite value, the
microcontroller sends the signal to the relay module which
then start a pump and a certain amount of water is delivered
to the plantOnce enough water is delivered, the pump stops
doing its work.The power supply has a task to power the
complete system and the recommended voltage is the input
supply range for the microcontroller that is around 7V to
12V.
In this whole system relay module is a simple circuit
consisting of a single transistor, several resistors, diodes, and
a relay it is controlled by a microcontroller.Since the
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complete system should be embedded in a small box,
Arduino Uno is perfect for this purpose because of its
dimensions and its work performance.The soil moisture
module is consisting of two parts: an amplifier circuit and
probes. The threshold is set by the potentiometer. The analog
output gives real-time information regarding the moisture in
the plant and this output is used in the system.

water that is accessible to the plants, which is generally
considered to be in the upper 200 cm of soil. Moisture is
primary importance to many hydrological, biological and
biogeochemical actions. The proposed system includes soil
moisture measurement as the main module.
ELECTRICAL CONDUCTIVITY OF SOIL:
Electrical conductivity is a measurement of the dissolved
substance in an aqueous solution, which discloses the
capacity of the material to conduct electric current through it.
Electrical conductivity is calculated in units called Siemens
per unit area. Higher the dissolved substances in the soil,
higher the electrical conductivity will be in it. Similar to EC,
pH of the soil measures the acidity of the soil based on
hydrogen ion concentration in it. The ideal pH range for most
of the plants is between 5.5-7. Based on the pH value the soil
nutrient level can be described.
8. IMPLEMENTATION

‘Fig 2’. Actual system
SmartIrrigationSysteminAction:
The plant watering system using Arduino microcontroller
UNO isprogrammed such that it provides the signals to the
motor
via
the
motor
driver
module.Soil
moisturesensorisconnectedtotheA0pintotheArduino
board,
whichsensedthemoisturecontentpresentinthesoil. Whenever the
soil moisture content values comes down, the sensor senses
the humidity difference, giving signal to the
microcontrollersothatthepump(motor)canbeturnON,Youcanp
owerthe Arduino board using a 5V to 8V wall wart or plugin
adaptororsolarpanel.Youneedaseparate5Vto8vbattery for the
pumpmotor.
‘TABLE 1’
Moisture Sensor Module Pin out Configuration
Pin
Description
Name
VCC
The Vcc pin powers the module, typically
with +5V
GND
Power Supply Ground
DO
Digital Out Pin for Digital Output.
AO
Analog Out Pin for Analog Output
An IoT based irrigation system is for efficient agricultural
management system, which enables farmers to contend with
challenges they face. There are plenty of uses in IoT, which
mark the major problems like soil moisture spotting, water
conservation management, crop growth monitoring, etc., this
project enables better smarter irrigation using temperature,
humidity and other sensors networked to communicate with
the customer. For farmers and growers, Internet has
contributed extremely fruitful ways to cultivate soil with the
use of cheap, easy to-implement sensors and an abundance of
insightful data they offer.
SOIL MOISTURE:
Soil moisture is the water that is grasped in the spaces
between soil particles. The root zone soil moisture is the

HARDWARE CONNECTIONS
These systems require many sensors and controlling unit.
Any incorrect circuit connection may give rise to failure of
the whole system. The soil moisture sensor and the Arduino
Uno board is connected as follows. It operates at the voltage
of 5V. The analog pin is attach with any of the analog input
pins in the Arduino Uno board. The sensor is then put in the
soil for sensing the moisture content. The temperature sensor
LM393 is interfaced with the controller in the same way as
the moisture sensor. The voltage of 5V is required for its
effective working.
9. COST ANALYSIS
In a smart irrigation system very high cost instruments are
used to control the system. But here we use very low cost
components which are easily available in INDIA
Components
Price
Arduino Uno
1100 Rs
Soil moisture sensor
450 Rs
Water pump module
500 Rs
GSM SIM module
900 Rs
Relay module
400 Rs
LED
120 Rs
LCD
500 Rs
Switch
50 Rs
Jumper wires
400 Rs
Battery 12V
1200 Rs
Solar panel
850 Rs
Breadboard
400 Rs
Resistor
120 Rs
Transistor
140 Rs
Power supply cord
200 Rs
diode
100 Rs
SIM
50 Rs
Total
7480 Rs
‘TABLE 2’

10. FUTURE SCOPE:
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In addition, the future condition of this model can be made
into an intelligent system, wherein the system predicts user
features that will make the system independent of human
operation. Systems can all be upgraded to Real-Time
systems, such that users receive real-time updates and status
of the condition of the field. Thereby, enabling the user to
take immediate action in case of any problems

11. CONCLUSION:
This project has been made to reduce the workload of the
farmers and increase the efficiency of the irrigation process.
The whole world nowadays is mainly aiming towards fully
automated systems with less human labor. This project has
also been aimed at that sector.The problem of water wastage
during irrigation has also been solved. Dry areas where water
supply is limited, those areas can also be perfectly irrigated
by the use of this system. Moreover, the components of the
system are also reliable, low cost, and easily affordable.
This system is not only meant for farmers only. It can be used
for another purpose also. In this world of advancements,
money and time saving are two important factors to be kept
in mind. This project also saves times and money by quick
hassle-free work and affordable cost
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ABSTRACT:
We have analysed the rainfall patterns for the past few years
and we have seen an increasing graph and the current
climate change is just going to worsen it.Every year heavy
rainfall accompainied by high tides lead to flash floods
across various parts of our country and ravages many small
scale buisenesses and household of people.So as shielding
measure we have designed a doorway barrier to safeguard
the properties which when placed at the doorway with the
help of wrench and scissor jack mechanism would extend to
the side colunms and the bottom part of the barrier would
consist of a pressure seal to prevent water from entering
properties. This barrier aims to be more economical and
easy to install.
I. INTRODUCTION
In India every year there occurs heavy rainfall during
monsoon which leads to flooding and water logging in low
lying areas. This water brings so much of sewage material
which enters the property and damages the furniture, Goods,
etc. Due to Water logging the waste materials deposits into
the shops and houses thereby leading to a lot of mess and
hassle. This causes a lot of discomfort and economic loss in
crores. Traditional method of preventing water logging
include the use of sandbags. People have been using
sandbags for a long period of time now. It is pretty easy to
place just by piling it upon one another. Sandbags acts as a
barrier between the water and the dry area. It can be used to
divert the direction of water. However it does not provide a
leak proof solution to the above problem. The problem with
sandbags is that after use they can become very messy and
heavy.
The design and idea proposed in this paper overcomes
almost all of those limitations and also provides optimal
solution to the problem of waterlogging. Most of the cities
in the coastal region face the problem of waterlogging. The
most affected group of waterlogging consists of shop
owners, people living in slums, apartment buildings, parking
spaces,etc. This barriers is most important in the areas with
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low lying shops. Hence, to surround it and protect the
infrastructure and equipments of the shops. Also this can
prove to be very useful in places such as underground
parking spaces where it can prevent the parking space to be
flooded with rainwater. Manufacturing and testing this
equipment can be very tedious and difficult at time such like
this. Stress analysis of any material using software such as
ANSYS can give promising and acceptable results. Hence,
with the help of finite element method, stress analysis of the
equipment is done. Various static and dynamic loading
conditions are tested on the equipment.
So to come up with a solution we have designed a doorway
barrier which would prevent the water from seeping in the
shops and houses without much of a hassle of installation.
When flooding or heavy downpour happens, the ability to
act quickly is critical. This floodgate provides you with
reliable protection from clogged water, sewage waste etc .
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The height of the barrier should be optimum so that
water doesn't overtop it. As the water is steady the density
and gravity are approximately constant. The pressure is only
depends on the difference in the height of water. Pressure
difference is obtained by adding two pressures, for the first
layer and second layer ,if the gravity and density of the fluid
varies with height we need to integrate the equation.
A comparatively easy version of the vertical
hydrodynamic variation is simply seen that the pressure
difference among the two elevations is the multiplication of
elevation change, gravity, and the total density. The
necessary equation is as follows:

Where,
P denotes pressure,
ρ denotes density,
g denotes acceleration due to gravity,
h denotes height.
II. CONSTRUCTION:
A scissor jack is operated simply by turning a small
crank that is inserted into one end of the scissor jack. This
crank is usually “Z” shaped. The end fits into a ring hole
mounted on the end of the screw, which is the object of
force on the scissor jack. When this crank is turned, the
screw turns, and this raises the jack. The screw acts like a
gear mechanism. It has teeth(the screw thread), which turn
and move the two arms, producing work. Further the bottom
tube is inflated using the pressure pump and the it can be
monitored using the pressure gauge to seal of the bottom
part.
III WORKING :
The methodology of this doorway barrier includes
design and analysis of different parts of it and also the
mechanism used for barrier. This barrier is used to protect
the water entering into the property. Due to heavy water
force the barrier should be design by considering the theory
of fluid pressure. To prevent the loss of goods and damage
to the houses and shops, So as a shielding measure we aim
to design a barrier with suitable material and by using the
scissor jack mechanism with the help of a wrench to extend
its sides to the columns and all use a pressure seal for the
bottom part of the barrier pressure would been created using
a pump and can been monitored with help of the gauge. The
design of the barrier would be done with the help of solid
works software we would use the surveys and data of peak
water logging levels in low lying areas to decide the
optimum height of the barrier. The analytical study would
be done with help of ANSYS where the would study and
calculate the force acting on the barrier and whether the
barrier can withstand it. The equation we will use for
measuring the hydrostatic and hydrodynamic force on a
plane surface along a vertical wall is
p=h¶g

A change in the given variable is denoted by the delta
symbol. Since g is negative, height and pressure are
inversely proportional, which fits in the definition about the
weight of a column of fluid.
When density and gravity area unit or so are constant
(that is, for comparatively little changes in height), simply
multiplying height distinction, gravity, and density can yield
a good approximation of pressure distinction. Wherever
totally different fluids area unit superimposed on high of
one another, the overall pressure difference would be
obtained by adding the two pressure differences In fluid
there are many layers,so to calculate the total pressure
difference we adding all the pressure differences of layers.
As the pressure differences from point 1 to 2 and then 2 to
another point.; which might simply involve work the ρ and
Δh values for every fluid and taking the add of the results. If
the density of the fluid varies with height, mathematical
integration would be needed. Whether or not density and
gravity is moderately approximated as constant depends on
the extent of accuracy needed, however conjointly on the
length scale of height distinction, as gravity and density
conjointly decrease with higher elevation. For density
especially, the fluid in question is additionally relevant;
seawater, for instance, is taken into account. The value of
density will also affected by the relavent fluid
For example considering incompressible fluid it's density
vary with height, but less significantly than the air.
Therefore water's density is approximated as constant than
that of air, and given constant height distinction, the
pressure variations in water area unit approximately equal at
any height.
Whether or not density and gravity will be moderately
approximated as constant depends on the extent of accuracy
required, however conjointly on the length scale of height
distinction, as gravity and density conjointly decrease with
higher elevation. For density above all, the fluid in question
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is additionally relevant; water, for instance, is taken into
account an incompressible fluid; its density will vary with
height, however a lot of less considerably than that of air. so
water's density will be additional moderately approximated
as constant than that of air, and given an equivalent height
distinction, the pressure variations in water ar some equal at
any height.

This barrier can be installed by any person due to its
light weight and easy mechanism. The barrier was tested for
crictical hydrostatic pressure and the deformation and stressstrain characteristics were studied.

IV.CONCLUSION :

[1] JurajOndruska, LubomirSoos, ViliamCacko, IvetaOnderova,Slovak
University of Technology . Construction of Anti-Flood Barriers Solved by
Recycling of Waste Plastics.

The main purpose of our project is to design a barrier
which will be placed on doorway of shops and households
without much hassle of installation.The primary design of
the barrier was analysed with a material to test the strength
of the barrier but later the material which was finalised is
mild steel.If the fabrication is done it will done on scale,the
locking mechanism and sealing ability of rubber to seal the
lower portion have been only carried on softwares.
We should also be testing out other materials which would
be suitable and be convenient for the whole barrier to steady
itself and seal off properly.

V. RESULT:
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Abstract— Paraplegia patients face difficulty
pushing wheelchair by themselves on the uneven
surfaces. Also pushing the wheelchair exerts
stresses on their upper body and can result in
fatigue in long term usage. This project is an
attachment made from cycle electric conversion
kit and it takes the technology to the wheelchair.
The handle and wheel convert the wheelchair in to
an electric tricycle when the disabled can ride
electrically.
Keywords—Wheelchair, Paraplegia, Electric
Conversion Kit,
I.INTRODUCTION
1.
Wheelchair is one of the integral
components or you can say it as a body part for
people with lower body disability (paraplegia) but at
the same time they are dependent on third person to
move for mobility or they just need to put their joints
and muscles
through excessive stress. To provide them with a
supportive aid we are presenting an electric trike
attachment which would make their lifestyle easy.
2.
As per 2011 surveys 2.11% (2.76 Cr.)
population of India faces some sort of disability and
the count of paraplegia is over 2Lack
and is increasing every year by approx. Ten thousand
so all these products motivated us to develop a
product that can solve the
problems of the needy and reduce their dependency
on others in
this modern world which is growing very fast and
where everyone is running short of time.
3.
As we are planning for the product so our
approach is in that manner also there are lot of
wheelchairs available in the market
traditional as well as electrical version but they are
too costly and

in addition to that we are only making the attachment
so if anyone already has a wheelchair and if they
have a desire to use they can
also use as an attachment thus making our market
broader.
II.PARAPLEGIA
Paraglegia is known as 10 spine damage in which
the lower body goes numb.
" It is frivolous injury to spine and nerves. This
injury affects 12
legs, pelvis ftits to leads to improper motion. Reason
? for paraplegia ? 1)Severe accident 2)Spinal cord
injury
3) Addiction to alcohol.
4) Spine bifida
5) Tumors blood clots within spine

III.ADVANTAGES
Electric wheelchair consists of It so called power
chair which is very costly and heavy and not
foldable.
I Cheap, canly fadable .This aunilary drives consists
an important advancement to increase movement of
the patient, without having any train stroin on their
muscles. Coast, forearmat shoulders). This But
ausidary drines can't be used to clinib over obstade.
Another dement of et aurilary drine is it can't be fold
to transport from car. Hence entire attachement has
to be detached (mounting & clamps.
IV.SPEED MODES
In one embodiment, the drive train is arranged to
provide a maximum chair speed of about 1 meter per
second. In this way, the chair may not significantly
exceed an average walking pace, and

thus the user will not be able to move faster than an
attendant can walk. In another embodiment, a
mechanical or electrical hi/lo
switch may be disposed within the transmission in
order to allow an attendant to switch the chair
between a high and low speed
mode. In the low speed mode, the chair is preferably
limited to a
maximum speed of about 0.33 meters per second. A
torque limiter may also be used. In one embodiment
the torque limiter is placed
on a relatively low torque setting in order to avoid
breakage of the chain in the event of the user
attempting to drive the chair when
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S battery technology, its advantages and limitations
from the
fundamental perspective are firstly discussed. In the
second part of this study, state-of-the-art Li-S cell
modeling and state estimation techniques are
reviewed with a focus on practical applications. The
existing studies on Li-S cell
equivalent-circuit-network modeling and state
estimation techniques are then discussed. A number
of challenges in control of Li-S battery are also
explained such as the flat
open-circuit-voltage curve and high sensitivity of LiS cell’s behavior to temperature variation. In the last
part of this
study, current and future applications of Li-S

motionisstalleddueto anobstacle.

V.INNOVATION
This Attachment features one major upgrade over the
ones available in the foreign market. Unlike the
available
attachments, this will feature a screw mounting
mechanism wherein the disabled person will be able
to Attach and use the mounting and dismounting
mechanism on their own making it fully independent
use.
Other than this we are also planning to use a custom
battery
pack which makes use of Li-S (Lithium-Sulfur)
batteries.
: Lithium Sulfur (Li-S) battery is generally
considered as a promising technology where high
energy density is required at different applications.
Over the past decade, there has
been an ever increasing volume of Li-S academic
research
spanning
materials
development,
fundamental
understanding and modeling, and application-based
control algorithm development. In this study, the Li-

battery are mentioned.
VI.LITERATURE SURVEY
1) An advanced wheelchair contains to either
fundamental powerwheelchairs in which a
computer and sensor are a integrated.
2) Most 250 watt motors are geared hub motors so to
increase the efficiency and speed, planetary gears
are used .This allows us to reduce the weight of
motor and overall wheelchair too.
3) People suffer from Lower disability because of

accidents.

4)Electric wheelchair helps them in order to satisfy
their needs each as independence and freedom in
movement.
5) Sip and Puff Technology is also used where air
pressure is used during sipping i.e. inhaling and
puffing is exhaling on a straw, tune sends signal to
wheelchair.
6)Another technique is gazing technique which using
the direction person is gazing or head is turned.
Camera is used in such
technology and the user needs to look in the direction
where he wants to move.
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7)Physical challenged people's motion is crippled.
Project aims a physically challenged people's
mobility.
8)Power is used with rechargeable load batteries with
GPS & GSM system for location with help of mobile
application.
9)Motor is coupled to drive wheel shaft for indirect
drive transfer. This reduce the motor speed and
increase the torque and also helps as a shock absorber
when drive wheels are Stuck or under heavy load
10)The Hand manual wheelchairs are mostly using
because they are easily available in the market as
well as economical point of view also and those
wheelchairs are not Spectacular because of that
People's had problems like Stress on their limbs.
VII.METHODOLOGY
This project involves making of an attachment to the
traditionally available wheel chair thus making it an
electrical.
Electrical cycle conversion kit and Battery pack:
The electric wheelchair attachment is similar to the
electrical cycle conversion kit but for wheelchairs.
It will have power of 250 watts and can carry the
weight of about 110 kg safely.
The battery pack would enable the user to cover a
distance of 25kms over a single charge cycle of
6hrs. Clamp Attachment:
The clamp attachment would play a very vital role
because it should be compatible with all the available
version of the wheelchairs.
In addition to that it should be easily replaceable and
the disabled should be able to attach and detach it on
their own.
VIII.CAD DESIGN
In the following figure the highlighted (red) portion
will be the attachment itself. The rest of the
wheelchair is not the part of the project. It will consist
of the handle, the front
wheel and motor, battery pack and controller, the
clamping mechanism and the frame holding it all.

Basic skeleton: Iteration 1

Wheelchair without mounts:

Wheelchair With Mounts

The mount is made up of two Parts, the Fork and the
clamping mount.
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Forkandhandle

Requirements
Component Name

Quantity

estimated
cost(in INR)

M.S. Pipe (25 mm O.D. 2.5
mm thickness) GRADE:ANSI
1020

ft.

500

Hand Grinder

01 pc

--

Disc Brakes

02 pcs

2,000

Clamp attachment

02 pcs

600

Battery Pack

01 pc

2,500

Electric cycle conversion
kit

01 pc

12,000

Labour

--

500

miscellaneous

--

900

TOTAL

19,000
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Abstract— The future of technology lies significantly in the
field of R&D. With extensive research and the desire to
obtain abilities beyond the human capability, the concept
of anthropomorphic equipment came into being. The
thirst for indomitable power was quenched by the
development of the “Human Exoskeleton.” A Human
Exoskeleton also known as Powered Armour, Exoframe,
Hardsuit, or Exosuit, is a wearable mobile machine that
can be powered by a system of motors, pneumatics, levers,
or hydraulics that amplifies the force of the operator and
enables them to possess superhuman strength. This
concept has a wide scope for improvement and is a
tantalizing topic for research. With the dawn of this
advanced technology, the term „weakness‟ can be
eliminated from the human perception.
This project aims to empower the individuals by
helping them harness the power of pneumatics to amplify
the strength of their arm. By incorporating an air muscle
which are contractile or extensional devices operated by
pressurized air filling a pneumatic bladder, it is possible to
significantly reduce the amount of muscle effort required
by an individual while lifting loads.The design has been
realized for one arm but can be extended to the other arm
as well. The exoskeleton arm is a subassembly of an entire
portable suit, and it permits the transfer of external loads
to the stronger sections of the body by means of accurately
placed linkages and joints. The arm is intended to be an
auxiliary source of strength for any person willing to
exercise themselves back to fitness or just perform
arduous domestic tasks.
Key Words: Exoskeleton, Pneumatic, Strength.

I.

INTRODUCTION

An exoskeleton is an exterior structural mechanism whose
linkages
correlate
to
humanbody.The
physical
contactbetween the operator and the exoskeleton permits
direct transfer of mechanical power and
information signals. Robotic exoskeletons provide the support
and strength to weakened body that needs to heal but they
typically cost more than a car and must be anchored to a wall
and plugged into asocket. For this reason, we are trying to
build an efficient, lightweight and powerful external limb.
To ensure a slimmer frame than other exoskeletons and make
Exoskeleton Arm easier for patients to use, we have situated
its actuator in a backpack instead of in the limb itself. The

Satyam Shukla
Mechanical B-74
Thakur College of Engineering &
Technology, Mumbai, India
satyamshukla350@yahoo.in

DR. Sanjay Kumar
Prof. & Mentor (Mechanical & Civil
Thakur College of Engineering &
Technology, Mumbai 400101

frame will be made of aluminum to reduce weight and power
consumption.
People whose work requires repetitive heavy lifting and
forced gripping action have high chances of developing a
musculoskeletal disorder. Therefore, in order to prevent such
disorders, it is important to reduce the physical load on these
workers. Exoskeleton arms can be used to assist the hand
function by amplifying the hand gripping force or automating
the motion. Applicable areas include physiotherapy, heavy
industry, construction, military, and logistics.
II.
BACKGROUND
For centuries, humans have developed machines for tasks to
reduce the human effort. Innovative engineering has led to
the development of powered exoskeleton. A powered
exoskeleton enables the human to perform with ease the tasks
which require extreme physical strength by amplifying the
muscular movements.
We have outlined the process of developing an exoskeleton
arm which will assist the load lifting capacity of ahuman.
This ease in load lifting capacity of human is achieved by
incorporating an artificial muscle which is a rubber
contractile or extensional bladder.
III.

IMPORTANCE OF EXOSKELETON
ARM

Exoskeleton arm is an anthropomorphic external structural
mechanism that allows for the transfer of mechanical power
from the exoskeleton structure to the human arm. Excelsior’s
exoskeleton suit, also known as powered exoskeleton, is a
portable mechanism consisting of a frame worn by a person,
and a powered system of pneumatic artificial muscles (fluidic
muscles) that delivers the energy for limb movement. With
the help of this device, the operator will not feel fatigue in
carrying heavy loads for long duration of time.
The main function of the exoskeleton suit is to assist the
operator by enhancing their strength, endurance and
durability. They are designed to assist soldiers carry heavy
loads. Similarly, exoskeletons could be used to assist
firefighters and other rescue workers survive dangerous
environments. It can also be used in the medical field where
it can be used as an assist to allow nurses to move heavy
patients. Our project can lift the weight up to 5-20kg.
IV.

PRESPECTIVEOFSTAKEHOLDERSAN
DCUSTOMERS.

It is important that users are able to suggest priorities and
requirements for their exoskeleton design and that it can be
achieved by user experience. Therefore, exoskeleton design
shouldbe aniterative process, where user requirements are
reached, perspectives are sought, incorporated and refined by
user experience, to ensure that devices developed are
acceptable to use.
The proposed exoskeleton arm addresses the common issue
of expensiveness in the entire exoskeleton industry and
implements simple solutions to reduce its costs. It uses safe,
portable and efficient power supply which is environment
friendly compared to non-rechargeable batteries. Hence it is
clear that there is a huge scope that the exoskeleton industry
will emerge to be highly profitable and will have a huge
impact on medical sector, defense sector, domestic and
rescue operations.
V.
1.

OBJECTIVE AND SCOPE OF
EXOSKELETON ARM.

The main objective is to reduce the human
effort while lifting weight. Other than that, it
enables disabled people to opt for this
mechanism.
2. This mechanism can be used in Automobile
industries, in the movement of large size body.
3. Introduction of air muscles in the system
reduces the amount of moving part, which in
turn reduces the wear and tear of the system.
4. Exoskeletons are advantageous for assistive
lifting in industries to reduce the load on the
workers.
5. The exoskeleton can be used in medical
physiotherapy.
6. There are various advanced technologies like
electromyography and brain wave techniques
which can be used to control the exoskeleton.
7. The main power source that has been use diselectrically powered motors or linear actuators.
8. The pneumatic system is the safe, economic and
flexible power system and provides assistive
power for lifting loads.
9. To design and fabricate a pneumatically
powered human exoskeleton for one arm (can
be extended to both arms) to assist the
physically weak (at the upper limb) individuals.
10. To ensure that the arm is cost effective and
available to the general masses
VI.
SUMMARY
The first attempt to make a powered exoskeleton came in the
1960’s. An Exoskeleton arm is basically a machine consisting
primarily of an outer framework worn by a person and
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powered by pneumatic system. It is not only framework that
supports and protects arm of a human body but also ensures
that it lifts heavy loads powered by a system of motors,
pneumatic or levers that delivers at least a part of energy for
limb movement. It is used which assist the wearer by
boosting their strength and endurance. It can be used for
lifting by weakened arm. It also gives wearer supernatural
powers which can be used in military and rescue fields.
Additional strength, protection, support, benefits people with
dangerous tiring jobs or mobility issues. Such exoskeletons
are called Step Rehabilitation Robots. Also, training could be
more uniform, easier to analyze retrospectively and can be
specifically customized for each patient. At this time there
are several projects designing training aids for rehabilitation.
The overall goal of this design is to build a system that
corresponds to human limbs, ensures safe and easy lifting of
heavy loads with the aid of pneumatic air muscles in such a
way that most of the load is taken away by the exoskeleton
arm and air muscles as soon as the pneumatic system
actuates. This is achieved when the Muscle sensor V3, which
consists of three position electrodes are accurately taped to
the human arm, these electrodes detect the change in muscle
movement and rectifies it converting this into a digital signal
which in turn is converted into mechanical work by means of
a microcontroller. This actuates the air compressor which
controls the movement of Aluminum frame. The Air Muscles
used is fibrous tube having two different tubes coinciding
with each other, the inner tube is a latex tube which is known
for its high-pressure resistant feature. The outer tube is
braided tube which acts as an expandable tube as well as
covering for the latex tube.
VII.
1.

2.

3.

LITERATURE SURVEY

Abdulla Almomani summarizes the benefits,
background and the design process of pneumatic
exoskeleton. The exoskeleton suit structure is made
of steel and aluminum. The power system is
delivered through Fluidic Muscles.
Slovak summarizes robotic exoskeletons and their
benefits in rehabilitation of the upper limbs. He
describes the application of robotic devices in
rehabilitation
Michael Scott discusses all about the design of
exoskeleton for shoulder rehabilitation. The paper
helped us the selection of sensors and actuators for
the project.
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(Fig. 1)

 Requirements of an Upper-limb Exoskeleton:-

(Table. 01)

VIII.
DESIGN AND IMPLEMENTATION
The working of the exoskeleton arm system is totally based
on the mechanisms of the pneumatic air muscle and solenoid
valves and the joints which will give different degrees of
freedom to each part to provide easy motion for the human
wearing it. The frame of this exoskeleton arm is made from
aluminium material to reduce the weight of the setup. The air
from compressor actuates the air muscle and helps in lifting
weight. To increase the capacity we are using four pneumatic
air muscle where the weight will be transferred to single arm
and shoulders and the tension on air muscle will reduce to
higher extent. In our project, the lifting energy will be
generated by compressed air which actuates the air muscle
and the complete setup will help in lifting more weight.

The requirements of an active upper-limb exoskeleton are
different in accordance with the purpose of the device. The
upperlimb exoskeleton exo-arms also directly interact with
the human user, safety becomes an important requirement.
The exoskeleton for wrist motion assist has provided the
axes deviation of wrist flexion/extension axis and wrist
radial/ulnar axis. Movement of the center of rotation of
shoulder joint according to the upper-arm motions must be
considered to cancel out the ill effect caused by that in
design. If upper-arm motions also have to be assisted by the
exo-arm as well as forearm motion, a mechanism that allows
moving of the center of rotation of the shoulder joint must be
considered in the upper-limb exoskeleton. This mechanism is
considered in to cancel out the ill effects caused by the
position difference between the center of rotation of the exoarm shoulder and that of the human shoulder. The
mechanical singularity should not be occurred within the
workspace of the exo-arm. Some designs have specially
considered this in their designs. Although above explained
important requirements have been fulfilled, researchers
should consider following aspects. The exo-arm for wrist
motion assist should have individual axis for wrist flexion,
wrist extension and wrist radial deviation and wrist ulnar
deviation motions. Mechanical designs of upper-limb
exoskeletons can be further improved to reduce their inertia.
The weight of the exo-arm system also affects its portability
[4].

Pneumatic Air Muscle.

Pneumatic Muscle Actuator (pMA) was used in the soft arm
design that is also known as McKibben muscle. McKibben
muscle is chosen over the other actuators that have been
already mentioned in the literature review due to its
capability to produce force required to actuate the muscle.
PAM consists of stretchable inner tube (bladder); butyl
rubber was used in the design, inserted into a braided mesh
(sleeve) made of Polyethylene terephthalate (PET) that
belongs to polyester family. In addition, other material such
as nylon can be used for the braided sleeve. Plastic cable ties1

2
1

were devised to attach and seal the bladder and braided mesh
onto stainless steel fittings (end caps). One of the end caps is
fabricated so that air fitting can be attached to allow
pressurised air inlet.
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chosen carefully. As per the force calculations mentioned
earlier following specifications were incorporated for the
assembly.
Silicon tube with the inner diameter 15mm and outer
diameter 18mm, wall thickness 3mm. Braided sleeve of the
diameter 16mm.
Hose with outer diameter 13mm.
PU connector ¼ 6mm

 Muscle sensor

(Fig. 2)

The problem with exoskeletons as of now, lies
primarily in its cost and the requirement of a high
density power supply. To achieve the best power to
weight ratio, most exoskeletons use hydraulics with
non-compliant fluids. However, use of noncompliant
fluids leads to higher power consumption and heavier
compression gear. Hence, for the scope of this project,
we have opted for a lighter system which uses a
compliant fluid (air) in the form of Pneumatic muscles.

EMG Muscle Sensor Module V3.0 With Cable and
Electrodes will measure the filtered and rectified electrical
activity of a muscle; outputting 0-Vs Volts depending the
amount of activity in the selected muscle, where Vs signifies
the voltage of the power source.
Power supply voltage: min. +-3.5V.
By detecting the electromyogram (EMG), measuring muscle
activity has traditionally been used in medical research,
however with shrinking but more powerful microcontrollers
and integrated circuits advent EMG power Road and sensors
can be used for various control systems.
This Muscle Sensor v3 measures, filters, rectifies, and
amplifies the electrical activity of a muscle and produces an
analogue output signal that can easily be read by a
microcontroller, enabling novel, muscle-controlled interfaces
for your projects.
Specifications & Features of EMG Muscle Sensor
Module V3.0:•
Diameter of Electrode Pad: 52 mm Cable Length: 2
feet Weight: 30gm.
•
Improved adjustable gain (more rugged)
•
Onboard port for new cables Connects to the board
straight out of the box
•
Power Supply : Normally ±9V dual power supply,
minimum voltage is
•
±3.5V
•
Supported with Arduino, Breadboard mountable.

Wiring Instructions:-

(Fig. 3)

 Sensing Motion Of The Human Arm and
Controlling The Muscle:-

Currently, the methods we propose on using to
proportionally control the air muscle involve a
combination of carefully placed EMG electrodes and
flex sensors. These will provide the feedback based on
the users motion. The plan of control involves a
feedback transducer positioned on the joints of the
mechanical harness which gives angular feedback. This
limits the linear motion of the PAMs and the input to
the system is given based on the EMG and flex signals
generated by the arm [5].

 Pneumatic Muscle Assembly:As per the required force lifting capabilities for this
project, each component of the pneumatic muscle was

To use this sensor, the user must have three electrodes
connected to the subject’s body.
The reference electrode should be placed on an inactive
section of the body, such as the bony portion of the elbow,
shin or forearm. This electrode should be connected to the
black or brown cable. The two other electrodes should be
placed along the muscle selected to be measured. The second
electrode should be placed along the mid-length of the
muscle; this electrode should be connected to the red cable.
The last electrode should be placed at the end of the muscle
and connected to the blue cable.
Finally, connect pin SIG to an analogue input pin of your
microcontroller and the GND pin to the ground pin on your
microcontroller.

Sensor Selection:EMG Sensor Control: Electromyography (EMG) is an
electro-diagnostic medicine technique for evaluating and
recording the electrical activity produced by skeletal
muscles. EMG signals are essentially made up of
superimposed motor unit action potentials (MUAPs) from
several motor units. For a thorough analysis, the measured
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EMG signals can be decomposed into their constituent
MUAPs. MUAPs from different motor units tend to have
different characteristic shapes, while MUAPs recorded by
the same electrode from the same motor unit are typically
similar. Notably MUAP size and shape depend on where the
electrode is located with respect to the fibers and so can
appear to be different if the electrode moves position.
Rectification is the translation of the raw EMG signal to a
single polarity frequency (usually positive). The purpose of
rectifying a signal is to ensure the raw signal does not
average zero, due to the raw EMG signal having positive and
negative components. It facilitates the signals and process
and calculates the mean, integration and the fast Fourier
transform (FFT). The rectified and processed signals from
the MUAPs are then mapped into singular instances which
determine the motion of the muscle being sensed. This will
be used to control the Pneumatic muscles on the harness.

XI.

ACKNOWLEDGEMENT.

We sincerely thank to our guide Dr. Sanjay Kumar for
his/her guidance and support for carrying out our project
work. We also convey great thanks to our honorable
principal Dr. B.K. Mishra who helped us in completing this
project. We are also thankful to our H.O.D. Dr. Siddesh
Siddappa whose advice and kind cooperation wrought out
through discussion provided for completion of this project
and also thanks to our project coordinator Mr. Iqbal
Mujawar and the entire assistant, who helped a lot for
completion of this project. Our Parents and relatives who
always bear with us in every critical situation have
contributed a great deal in making of this project. As we
give our expression to our love and appreciation for them
our heart infill.
XII.

REFERENCES

"ALTACRO: a Step Rehabilitation Robot". ltacro.vub.ac.be. 2013-10-18.
Yagin, Nicholas. "Apparatus for Facilitating Walking" US patent 440684
filed February 11, 1890 and issued November 18, 1890.
Specialty Materials Handling Products Operation General Electric Company
"Final Report On Hardiman Prototype For Augmentation Of Human
Strength And Endurance," 30 August 1971.
R. A. R. C. Gopura, Kazuo Kiguchi , “Mechanical Designs of Active UpperLimb Exoskeleton exoarms State-of-the-Art and Design Difficulties”, IEEE
11th International Conference on Rehabilitation Exoarmics, Japan, pp. 178187, 23-26 June 2009.

(Fig. 4)

IX.
RESULT AND DISCUSSION
We have demonstrated a method to assist lifting for
weakened arm or labors performing heavy lifting. Our
research has focused on enhancing the strength of upper
limb. Therefore, our design has been inclined towards
achieving this goal. We will be using certain components
such as ArduinoUNO, sensors, compressor and air muscle
for maneuvering. Material used for frame will be aluminum
will. Our device will be portable and easy to use. Although
having a wide scope we will be focusing on our mechanism
for assistive lifting rather than superhuman strength.
X.
CONCLUSION
The main objective for this paper has been the enhancement
and the assist of natural upper body motion of the human
skeleton. Here, calculations of the required forces and
estimation of the dimensions required were finalized. After
the prototype test and the fabrication of a mechanical harness
for the actuators. Our project can be used in the applications
such as rescue operations, military, industries. Also, it will be
useful for physiotherapy to regain muscle ability. It helps the
physically disabled people to carry more weights in their
daily life as the maximum load is carried by this pneumatic
system. The proposed method to use EMG electrodes will
enable people with muscular defects to still be able to
perform daily tasks like a fully functional human. This
project actually is simple in construction, design and cheap.
It provides quicker response and is flexible as compared to
hydraulic and electrical type exoskeleton arm.

Andreas Wege, Armin Zimmermann,” Electromyography Sensor Based
Control for a Hand Exoskeleton”,IEEE International Conference on
Exoarmics and Biomimetics, pp. 1470 - 1475, 15-18 December 2007.
Koya Iwami, Makoto Yasuda, Keigo Watanabe, Kazuo Kiguchi and Toshio
Fukuda, “An Exoskeletal exoarm for Human Shoulder Joint”, IEEE/ASME
Transactionson Mechatronics, Vol. 8, No. 1, pp. 125-135, March 2003.
Abdullah almomani, Faisal Miqdadi, Mustafa Hassanin, Mustaf Samy,
“pneumatic fluidic muscles based”
Kwok-Hong Chay, Jer-Vui Lee, Yea-Dat Chuah and Yu-Zheng Chong,
“Upper Extremity Robotics Exoskeleton: Application Structure and
Actuation,” International Journal of Biomedical Engineering and Science
(IJBES), Vol. 1, Issue No. 1, pp 35-45, April 2014.
Joel C. Perry, Jacob Rosen and Stephen Burns, “Upper-Limb
Powered Exoskeleton Design,” IEEE/ASME Transactions on
Mechatronics, Vol. 12, Issue No. 4, pp 408-417, August 2007,
Publisher: IEEE.

1
2
3

Atmospheric Water Generator
Akash Tiwari
B.E Mechanical
Thakur College of Engineering &
Technology,
Mumbai, India

Anurag Tripathi
B.E Mechanical
Thakur College of Engineering &
Technology,
Mumbai, India

Akilesh Yadav
B.E Mechanical
Thakur College of Engineering &
Technology,
Mumbai, India

Abstract—In many countries like India it is difficult
to obtain water resources for irrigation or other
purposes, especially in the arid regions. The
problem of water scarcity is also observed in other
places of the world due to lack of rainfall. However,
in highly humid areas such as places close to the
sea, water can be obtained by condensing the water
vapour present in air. Here, the paper presents the
method to develop a water condensation system
based on thermoelectric cooler. The system consists
of cooling elements, heat exchange unit and air
circulation unit. A solar cell panel unit with a
relevant high current output drives the cooling
elements through a controlling circuit. Atmospheric
Water Generator is a device that can convert
atmospheric moisture directly into usable and even
drinkable water. It is such a device which uses the
principle of latent heat to convert molecules of
water vapour into water droplets. It has been
introduced a bit before, though it is not very
common in India and some other countries. It has a
great application standing on such age of
technology where we all are running behind
renewable sources. This paper also describes the
experimental results and the system’s performance.

Keywords

Water condensation, Thermoelectric peltier, Dew condensation
(latent heat), Solar energy.

I. INTRODUCTION
During the 20th century the global human population
increased fourfold to more than 6 billion, while, withdraw
from natural freshwater ecosystems increased eightfold
during the same period. As global population increase the
possibility of severe water supply shortages in many areas of
the globe increase too, therefore, social planners and
governments are exploring strategies for managing water
resources in asustainable way. Water scarcity will have a
special negative impact on poor people as it leads to a
decrease of water quality and consecutively to an increase of
diseases, plus, it has a huge negative impact on food’s
production that depend strongly upon water sources.
Another major problem regarding water sources
management is the groundwater depletion. Some of the most
populated and developing countries of the world (India,
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China, Middle East countries, etc) have been using
groundwater resources in an incontrollable way during the
pasts two decades, which has been leading to the depletion
of these sources. These negative consequences are basically
the rapid decrease of fresh water aquifers and the increase of
saline and solid water, as well as, other toxic components
that increase the pollution of these aquifers. The problem of
groundwater depletion threats food security in the 21st
century. The water scarcity problematic that Earth faces in
the present century and the urgency in find a balance
between human demands and eco systems requirements to
achieve sustainability enhance the potential and strategic
value that AWG technology – an environmental friendly
technology, that makes water from the air, protecting water
resources – may have in the present century. Therefore, by
taking in account this scenario, it can be answered more
properly and realistically to the research question. Severe
water shortages are currently experienced by 470 million
people and it is projected that by 2025, the number of people
living in water-stressed countries will increase to 3 billion. It
is also estimated that 2.4 billion people in the world lack
access to safe drinking water and that there are about 1.7
million deaths per year worldwide because of diseases found
in poor water quality.
SCOPEANDOBJECTIVES
[1] Flexibility in Power Source - The design should be able
to utilize a variety of power sources, including (but not
limited to) solar, wind, and the traditional power grid.
[2] 1 Liter of Water Production per Day - The design should
produce at least one liter of drinkable water per day.
[3] Maximize Efficiency - The design should maximize the
water produced per unit energy.
[4] Minimize Maintenance - The system should be designed
for long-term operation, requiring only low cost and
minimally intensive repairs.
[5] Minimize Cost - The design should minimize the cost
per unit water production.
[6] The project can be implemented in the areas where the
humidity is above 40% throughout the year.
[7] Alternative for existing process - We can implement this
project in coastal areas. This will reduce the cost of
implementing the desalination process as maximum efforts
are made to obtain drinking water from sea water and also
cost of maintaining desalination systems is very high.
III. BASIC LAWS AND DEFINITIONS
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[1] Energy can neither be created nor can be destroyed. It
can be only converted from one form to another. Thus total
amount of energy in the universe remains constant.
[2] Heat always flows from the material at higher
temperature to the material at lower temperature.
[3] Saturation Vapor Pressure
Amount of water vapor that air can hold at given
temperature is saturation vapor pressure OR Maximum
amount of water vapor that air can hold.
[4] Vapor Pressure
Actual amount of water vapor in the air is vapour pressure.
[5] Dew Point
It is temperature at which relative humidity reaches
100%. At this point air is so full of moisture that it cannot
hold any more water.
[6] Relative Humidity = Actual Humidity/
Maximum Humidity
[7] Relative Humidity = Vapor Pressure/
Saturation Vapor pressure
[8] Formula for obtaining maximum amount of water
absorbed using desiccants

Working Features
Practically TE couples are combined in a module, connected
electrically in series and thermally in parallel to obtain a
promising output. But it will be inconvenient to use such a
device that has less advantageous work done to power ratio.
There are modules available in the market according to
variety of sizes, shapes, operating voltages-currents and
ranges of heat pumping capacity. The present trend,
however, is towards a larger number of couples operating at
lower currents; before choosing an efficient device, some
parameters must be determined. These are:
TC: Temperature at Cold Surface.
TH: Temperature at Hot Surface.
This TH incorporates two major parameters:
1. The efficiency of the device i.e. between the hot surface
of the TEC and the ambient environment.
2. The temperature of ambient environment into which the
heat is being rejected.
QC: The heat to be absorbed at the Cold Surface.
The object to be cooled is intimately confined with the cold
surface of TEC, thus the temperature of that object starts
falling until it is as same as the temperature of the cold
surface of the TEC.
Now, ΔT can be defined as:
ΔT = TH - TC (1)
This conflict should be accurately determined if the design
is to operate as desired.

Where,
Water absorbed = water absorbed per pound of CaCl2
Start% = starting concentration of CaCl2
End% = ending concentration of CaCl2.
Peltier couple:
The peltier thermoelectric device [4] has two sides( a p-type
and an n-type semiconductor), and when DC current flows
through the device, it brings heat from one side to other, so
that one side gets cooler while the opposite one gets hotter.
This is called Peltier effect and electron hole theory. Peltier
coolers consist of a Peltier element and a powerful heat
sink/fan combination. Peltier elements come in various
forms and shapes. Typically, they consist of a larger amount
of thermocouples arranged in rectangular form and
packaged between two thin ceramic plates. This type of
device is so powerful that it can freeze good amount of the
water within several minutes.
A conventional cooling system contains three fundamental
parts-the evaporator, compressor and condenser. A TEC also
has some analogous parts. Energy (heat) is absorbed by
electrons at the cold junction, as they pass from a low
energy level in the p-type semiconductor element, to a
higher energy level in the n-type semiconductor element. It
is the power supply that provides the energy to make those
electrons to move through the system. At the hot junction,
energy is expelled to a heat sink as electrons move from a
high energy level element (n-type) to a lower energy level
element (p-type).

Figure 1: Overview of peltier device
The ratio of QC to P is the heat absorbed at the cold
junction, divided by the input power i.e. QC / P is known as
COP [5] which is often used to pick out better device.
Advantages of this device over conventional device:
There are lot of advantages of TEC over the conventional
refrigeration system. No moving part, so maintenance is
required less frequently.
No use of chlorofluorocarbons. Temperature control within
fractions of degrees can be maintained.
Flexible shape (form factor); in particular, they can have a
very small size.
Ideal for modern technology trend.
Can be used in environments that are smaller or more severe
than conventional refrigeration. Has a long life, with mean
time between failures (MTBF) exceeding almost 100,000
hours. Controllable via changing the input voltage/current
very easily. Draw comparatively low current than a
compressor based refrigeration system.

The system for Atmospheric Water Generator will comprise
of Cooling Fan, Heat Sink, Peltier Cooler Module, Water
Cooling Block, Copper Tube, Water Pump along with a
Source and Collector Container.
Water from the source container will be pumped into the
cooling system which will pass through the Water Cooling
Block.
A cooling fan will be used to maintain the temperature of
Peltier Cooler Module and the heat sink will also serve same
purpose.
The Peltier Cooler Module will cool the water in the cooling
block and this water will be passed through the Copper
Tube.
Once the copper tube becomes chilled it will convert the
water vapor into water and this water will be collected in the
Collector Container.
In addition to this system we will be having an IoT based
microcontroller i.e. Node MCU to monitor Temperature and
Level of water using DS18B20 and HC-05 sensor
respectively.
When the level of water exceeds the threshold the
corresponding relay would be turned off which would turn
of the complete system in order to avoid overflow.
Similarly when the temperature of the cooling system is
below threshold and there is no need of cooling fan to be
kept on the corresponding relay would turn off which would
turn off the cooling fan in order to save power.
All these feedback mechanisms would be IoT enabled and
hence can be controlled from anywhere in the world.
Basic Model
Generally most TE assemblies make use of "thermal
grease" interfaces. The thickness of the grease should be
limited to 0.003 ± 0.0006" [7]. In order to incorporate these
types of tolerances, certain levels of cleanliness must be
maintained; as grease has high affinity to such pollutant
elements like dirt, grit, and toxic powder of Sulphur, Carbon
compounds etc., and these elements can increase the level of
impurity inside the water pouring from the adjacent places of
grease joints.

4. FUTURE SCOPE

Self-filling water bottle harvests clean drinking water from
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the air.
Today’s steel pipes will soon be replaced with tomorrow’s
air pipes where there is shortage of water.
On running the device, initially condensation started and
water droplets were formed on the cold surface of the Peltier
device. But subsequently due to the deposition of these
water droplets the thermal conductivity of the region
decreased as water is not a good thermal conductor. Hence
the condensation process slowed down subsequently. In
order to increase the output in the future, a wiping
mechanism may be incorporated in the device so as to
increase the condensation rate.
Presently, we have used only two Peltier devices in the
prototype. In the future the prototype may incorporate
another two Peltier devices so as to increase the water output.
FOR GIVING THE PROTOTYPE AN ENVIRONMENTAL FRIENDLY
FLAVOUR IT MAY INCLUDE A SOLAR POWER SOURCE (SOLAR
PANEL) IN PLACE OF THE PRESENT AC POWER SOURCE
WITHOUT MUCH MODIFICATIONS IN THE CIRCUITRY
CONCLUSION
Applying this system in a highly humid region almost 1
Litre of condensed water can be produced per hour during
the day light, this is a promising result; then a more
enhanced system can be designed that encounters higher
power solar cells and also has the adroitness to store the
excess energy during the day light that is to be used at night;
indeed the economical advantage of this kind of system is a
bit obscure due to the relatively high installation cost.
This idea can be extended further in future –
1) For large scale implementation, RO and UV water filter
can be used for producing such water that meets the standard
of WHO and BIS easily. 2) Peltier device has many types of
models which are much efficient than TEC1. Those can be
used.
3) As the project aims at producing water from atmosphere
and keeping this device handy, large sized scrubbers are not
used for better air filtration. Scrubbers can remove all the
oxides from the air. For large implementation it can be
handled. 4) The concept of this project can also be used as a
better alternative in refrigeration science against
conventional systems.
It can also be observed in this way i.e. the usage of such low
power semiconductor devices are indicating towards more
prominent evolution of cooling engineering that is going to
alter the whole scenario and myths about the power
consumption of refrigeration science. Thus in near future we
will be able to use such devices that are now limited within
the project works.
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Abstract
A clutch in automotive transmission systems plays a
distinctive role to disengage gearbox from flywheel
while engaged to transmit power from flywheel to
entire transmission system with zero percentage slip.
It is necessitates to increase the performance of
clutch in transmission systems. The performance of
clutch depends on two factors, material of the clutch
system and mechanisms of clutch systems. In this
study, Material of the clutch system will be taken
into account. The single plate clutch will be
modelled in CAD software CREO/CATIA and
analysis will be done using ANSYS R19
Multiphysics software. Detailed explanation of
clutches and comparison of different material for
clutch will be analyzed for deformation and
maximum stress in static analysis and natural
frequency by doing vibration analysis. Best material
among belo will be proposed based on FEA results.
I. Introduction
A clutch in automotive transmission systems plays a
distinctive role to disengage gearbox from flywheel
while engaged to transmit power from flywheel to
entire transmission system with zero percentage slip. It
is necessitates to increase the performance of clutch in
transmission systems. The performance of clutch
depends on two factors, material of the clutch system
and mechanisms of clutch systems. In this study,
Material of the clutch system will be taken into account.

The single plate clutch will be modelled in CAD
software CREO/CATIA and analysis will be done using
ANSYS R19 Multiphysics software. Detailed
explanation of clutches and comparison of different
material for clutch will be analyzed for deformation and
maximum stress in static analysis and natural frequency
by doing vibration analysis. Best material among belo
will be proposed based on FEA results.
Material Considered for study:
1. CI( cast iron)
2. Structural steel
3. Stainless steel
4. AL Alloy
5. Composite Material( Carbon Fiber)
II. Literature Review
1. The paper published by Mamta G. Pawar- Clutch
system is among the main systems inside a vehicle.
Clutch is a mechanical device located between a
vehicle engine and its transmission and provides
mechanical coupling between the engine and
transmission input shaft. Clutch system comprise
of flywheel, clutch disc plate and friction material,
pressure plate, clutch cover, diaphragm spring and
the linkage necessary to operate the clutch. The
clutch engages the transmission gradually by
allowing a certain amount of slippage between the
flywheel and the transmission input shaft.
2.

Shrikant V. Bhoyar - A simple transmission system
consisting of engine, clutch, gearbox and load is
designed for the load lifting application. Stiffness
of all the three shafts have been calculated and
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equivalent stiffness is calculated. Equivalent mass
moment of inertia is also calculated. From this
data, using the concepts given by Prof. DOW,
duration of engagement period is calculated for the
selected power transmission system and energy
dissipated during engagement is also plotted as a
function of time.
3.

Anil Jadhav - Depicts a solid modelling of
multiplate clutch with PRO-E CAD package that
is employed for varied automotive applications.
The structural analysis of clutch plate is done over
cork, copper and SA92 as friction lining materials.
The analysis is carried out on ANSYS workbench
to get the foremost appropriate friction material for
clutch. From the analyzed results, stress, strain and
total deformation values were compared for all the
three materials and the best one was taken out.

4.

Prafull. S. Thakare - Clutch is a device used in the
transmission system of a vehicle to engage and
disengage the transmission system from the engine.
The clutch works on the principle of friction. This
paper discusses detailed study of single plate
clutch. In this paper, detail study of clutch and
modeling of clutch is done in proe software.
Assembly of different parts of the single plate
clutch is also done in software.

5.

Nitinchandra R. Patel - The centrifugal clutch
offers many advantages in motor and engine drive
applications. Utilizing the centrifugal clutch
enables the selection of normal torque motors for
running loads rather than the selection of high
torque motors for starting loads. The aim of this
project is to be describing the torque carrying
capacity at different speed which using in
transmitting power.
6. V Mani Kiran Tipirineni - The driven plate
used in Leyland Viking Vehicle is analyzed in this
work. The driven main plate failed normally during
its operation due to cyclic loading. This project
explains the structural design analysis of the clutch
plate and find out the failure region by doing static
analysis in ANSYS software. The 3D model of
clutch plate was drafted using Solid works software
and analysis of the plate was done for static loading
condition. This project finds the maximum stress in
failure region during operation.

III. Conclusion
From many research and article papers we are taken
above literature for our project study and from them
we are understood the working of clutch plate and
clutch materil while torsion and friction loads acting
on it. We have studied about clutch plate and various
materials of clutch plate.
Other then reference and literature We have done
basic preparation and analysis of this particular
project and also calculated mathematical data of the
clutch plate and various material, we also have
practised with the CAD and Solid Works for
designing and ansys for analysis.
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but also provides great opportunities for the research and
development new advanced micromachining technologies in
areas such as modeling, hybrid micro-machining, and inline/on-machine metrology, to name a few.
As the most extensively developed micro-machining
technology, micro-milling provides a great degree of high
machining efficiency and flexibility for 3D micro-products,
molds, and dies. Due to the use of small diameter milling
cutter surface uniformity and tool wear becomes two major
research problems in micro-milling.

Abstract— The increasing demand in manufacturing of
small/micro components and various industrial products
has led to the expansion in new technologies. Micromilling is an efficient and flexible process of fabricating
the miniature geometrical features with complex three
dimensional shapes. Micro-milling operations is found
its application in various electrons, biomedical, house
and commercial applications including food processing
equipment, kitchen sink and benches and aerospace
industries. This paper gives a detail study on various
literature reviews for the micro-milling and micromachining work carried. A detail study of various
parameters like depth of cut, burr height, tool wear,
machining force, surface roughness, feed per tooth,
method of analysis is presented in paper.

II. MICRO-MILLING
Micro-Milling is characterized by mechanical interaction of
a pointy tool with the piece of work material, inflicting
breakage within the fabric on defined paths, eventually
resulting in a removal of the useless a part of the work piece
within the type of chips. The tool edge radius should be in
the order of the dimension of the cut thickness or smaller.
Monocrystalline diamond is that the most suitable tool
material however it implies a limitation with regards to the
workpiece material owing to its high chemical affinity with
steel. Micro-Milling method is that the versatile process and
accustomed manufacture a lot of advanced microstructure
wherever surface topography and cutting forces are
passionate about the cutting parameter. it's capability of
manufacturing tedious geometric surface with sensible
surface end and better accuracy. Material removal rate
greatly having variance with amendment of cutting
parameters in micro-milling operation. It conjointly
indicates the interval to figure piece and it's vital issue
influencing on production rate ad cost. Reliable prediction
of cutting forces in micro-milling operation is crucial for
style of cutting tools in micro-milling operation furthermore
as designing and machining operation for achieving most
productivity and quality. Now a days Micro-Milling is
feasible to machine 3D small structure characterized by high
side ratios associate degreed high geometric complexity.
However, an important issue in Micro-cutting is burrs
removal. Since the dimension of the machined elements
create handling when machined parts make handling after
machining difficult, typical technique for burr removal
furthermore as burr-free machining strategies have to be
compelled to be developed..

Keywords—Micro Mechanical milling, cutting speed,
depth of cut, feed per tooth, radial immersion percentage
and plunging method.
I. INTRODUCTION
Micro-electromechanical systems are most bright
technology for 21th century and includes a capability of
revolutionize each industrial and shopper product by
combining silicon-based electronics with micromachining
technology. small-machining is that the most elementary
technology for the assembly of such miniature components
and components. small machining is outlined because the
ability to provide options with the size from one m to 999 m
or once the amount of the fabric removed is at the micro
level. Micro machining has been wide wont to manufacture
miniature parts and to carve difficult shapes. shrinking of
consumer products and new difficult medical specialty and
area application have drastically accumulated to use of small
machining operations small tools of smaller diameter are
used for micro machining there's a powerful demand from
varied industries for miniature devices and elements with
complicated micro-scale options fabrication on a spread of
materials. Some current applications from medical
aerospace, military and transportation industries embrace
miniature- motor and turbines, micro-satellites, implantable
and in vivo medical devices, minimally invasive surgery
equipment, micro robots, miniature drone craft for
intelligence activity mission, and miniature molds and As a
response to the current demands, various micromanufacturing technique have recently emerged.
Manufacturing of customized high precision three
dimensional micro-products made of a variety of materials,
including difficult-to-machine materials such as glass,
sapphire, ceramics, and hard steels, etc. This proposes
significant research challenges in terms of process control,

Figures below are the explanatory examples of MicroMilling.
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clearance face. the conventional and friction forces are
calculated by the chip removal and edge tilling parts of the
models, severally exploitation four empirical coefficient.
This illustration is characterized partly by the depth to tool
penetration that is influenced by the thermal energy
generation.

Fig. 1: Micro-Milling
https://www.google.com/.indiamart.com-milling-job-work [49]

Fig.2 : Micro-Milling
https://www.google.com/.indiamart.com-milling-job-work[50]

III. LITERATURE REVIEW
A brief review of previous studies on micro-machining and
micro-milling.
Bao W and Tansel I [1] deals with the cutting forces
characteristics of micro-end-milling operations with toolrun-out. The model has a set of expressions to estimate the
characteristics of cutting forces which are quickly compared
with numerical approaches. The model can be simplified for
MEMO without run-out and CEMO 21% is an average error
in the proposed model when the maximum cutting forces
was estimated using the cutting forces coefficient. The
setscrew should be installed with a 90 degree angle to the
cutting edge of two flute micro-end-mills. The angle with
any two adjoining cutting edge should be 45 degree for fourflute micro-end-mills.
Dhanorker A and Ozel T [2] an experimental and
modeling study is carried out for AL 2024-T6 aluminum
alloy. Forces are presented for various feed per tooth, cutter
diameter and spindle speed cutting conditions. As increase
in force observed as the diameter of the cutter decreases and
spindle speed increases. At very low feed rates the size
effect and minimum chip thickness is observed.
Endress W et.al [3] the model is developed specified it's
without delay applicable in Associate in Nursing industrial
setting, its constant have physical that means and it will be
graduated with a elliptic amount of orthogonal cutting data.
the whole cutting and thrust forces are every the summation
of its individual parts functioning on the rake face and

Ghani J et.al [4] the taguchi optimization methodology is
used for machining hardened steel. AISI H13 with TiN
Coated P10 carbide. The parameter evaluated are cutting
speed, feed rate and depth of cut. An orthogonal array,
signal-to-noise (SIN) ratio and Pareto analysis of variance
(ANOVA) are analyzed to find the effect of these milling
parameter. For better surface finish, use of high cutting
speed, low feed rate and low depth of cut is recommended in
end milling. The resultant smaller value of cutting force is
obtained at low feed rate and low depth of cut.
Bao W and Tansel I [5] planned a cutting force model, that
calculates the chip thickness by taking into take into account
the flight of the tool tip whereas the tool rotates and moves
ahead continuously. The parameters reminiscent of cutting
force, variation of cutting force in one complete rotation,
surface quality will be calculated quickly as compared to
numerical programs. By mistreatment genetic rule the model
can estimate the cutting force constant of every leading edge
from the monitored cutting force data. Tool breakage and
wear may be calculable through cutting force coefficient.
Gowri S et.al [6] small machining process, micro cutting
and micro elector discharge machining is studied during this
paper. From micro-carbide tool geometries, semi-circular
finish mills are higher than triangular. Amongst flute end
mills and sharp edged models, flute end mills the cutting
force is found under the sharp edged models. for tiny depths
of cut, the tool wear rate is on top of that for a bigger depth
of cut and therefore the size of burr that is greater than the
traditional milling. once the uncut chip thickness was
smaller than the sting radius a particular cutting force were
dependent only on the magnitude relation of the uncut chip
thickness to the leading edge radius.
Chang-Ju-Kim and Jun Ni [7] a static model of chip
formation in tiny edge methodes that describe the
irregularity of the chip formation discovered at low feed per
tooth because of the minimum chip thickness effect.
Parameters comparable to native most within the radial
thrust forces within the micro-milling method throughout
the non-cutting regime, at feed per tooth that are of the order
of the minimum chip thickness supported varied
combination of tooth ANd work material. A minimum chip
thickness is found by an merely attainable cutting force data.
once the feed per tooth is smaller than the minimum chip
thickness it completely was discovered the sting tool rotates
over and over whereas not removing any material. At a
particular position of angle there might even be force
fluctuation because of minimum chip thickness and cutting
forces. Cutting force depends on minimum chip thickness,
feed per tooth and position angle. the utmost thrust forces of
the micro-milling is really engagement close to the
minimum chip thickness.
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K Nakayama and K Tamura [8] presents the size effect in
metal cutting force. The plastic flow in the subsurface layer
is not proportional to the un-deformed chip thickness. The
shear angle decreases with decreases in the un-deformed
chip thickness, due to blunting of cutting edge there is
decrease in the effect rate angle.
Kiswanto G et.al [9] This study aims to research the
influence of high speed cutting parameters to the surface
roughness in small edge of atomic number 22 alloy Ti-6Al4V as high speed cutting offers a lot of productivity since
manufacturing more cutting length within the same time.
Experiments are administrated by micro milling method
with variations in high speed cutting parameters of spindle
speed and feed rate with a relentless depth of cut employing
a inorganic compound cutlery of with a diameter of 1 The
machining ends up in the shape of a 4 mm slot with a depth
because the same as depth of cut, that then measures its
surface roughness. it absolutely was found that higher feed
rate that's followed by higher spindle speed can manufacture
higher surface roughness.
Kuriakose S et.al [10] this paper is to increase a method for
machining manner choice through evaluating the diverse
attributes. An incorporated technique combining approach
for order desire through similarity to perfect solution
(TOPSIS) & analytic hierarchy manner (AHP) had been
proposed. A case observe has been provided to pick from
the main non-conventional machining approaches for the
cause of micro drilling of gas injector nozzle hollow of
precise diameter tiers through evaluating their diverse
attributes. The studies suggests that the method TOPSIS
incorporated with AHP is a completely powerful approach
in choice of machining manner primarily based totally on
programs through thinking about one-of-a-kind attributes.
Sredanovic B et.al [11]presents the analysis of
machinability, channels micro-milling in AISI D2 alloy steel
(X155CrVMo-5), hardened to 62 HRc. because the tool is
employed micro-milling cutter with diameter of 0.6
millimeter and comparatively giant neck length of five mm.
Analysis of surface roughness, burr on piece of work edges
and cutter diameter reduction due tool wear was performed.
Tripathy P and Maity K P [12]the experimental
investigation of process characteristics whereas acting small
edge on hybrid metal metal matrix composite is mentioned
for this investigation, machining parameters like feed rate,
cutting speed and depth of cut are thought of because the
process parameters. The result of the method parameters on
material removal rate and surface roughness for hybrid
metal matrix composite are analyzed. The output responses
concluded, material removal rate and surface roughness of
cryo-treated tools exhibit higher results than untreated tool
because of increase in strength, hardness and wear
resistance.
Vogler et.al [13] studied the consequences of machining
with a slicing aspect radius same in importance or large than
the chip thickness. A new chip thickness computation set of
rules become evolved on the way to do not forget that a chip

isn't usually shaped while the device and workpiece
intersect. Finite detail simulations had been finished to
calibrate the parameters of the micro milling pressure
fashions for each the ferrite and pearlite phases. A
decomposition of the simulated forces confirmed that this
stepping conduct is the end result of the interference among
the device and workpiece growing throughout next
revolutions till the on the spot chip thickness is more than
the minimal chip thickness. The simulations and version
predictions confirmed that the forces are greater touchy to
the brink radius while machining ferrite than while
machining pearlite, because of each the minimal chip
thickness and the multiplied ductility of the ferrite cloth
conduct that will increase the ploughing forces.
Kuan-Ming Li and Shih-Yen Choub [14]this paper
affords the overall performance of the minimal amount
lubrication (MQL) approach in close to micro milling with
appreciate to dry slicing on the idea of device put on, floor
roughness and burr It is determined that the software of
MQL will drastically enhance the device life, floor
roughness and burr formation in comparison to the ones in
dry slicing primarily based totally on slotting checks with
micro-cease generators on a meso-scale gadget device. It is
likewise determined that the values of floor roughness are
near associated with the device-put on situations in microslicing..
Malayath G et.al [15]micro give up mill gear with
excessive dimensional accuracy are fabricated with the aid
of using a sequential EDM approach and the overall
performance evaluation is carried out with the aid of using
milling micro channels of various intensity on aluminum
6061, brass 340, AISI 1040 and poly The consequences
concludes, biggest burrs are generated on AISI 1040 and
aluminum. The floor roughness evaluation discovered that
the device is able to fabricating micro channels with
nanometer-stage floor end in all of the workpiece materials.
Analysis of the channel floor integrity discovered that the
decreased floor roughness in aluminum is attributed to
rubbing marks, smearing, and cloth adhesion withinside the
channel backside.
Afazov S M et.al [16]investigates the influence of the tool
rake angle, tool wear and work preheating on the cutting
forces and method stability. a complicated micro-milling
cutting force model considering the tool wear is proposed.
The micro-milling cutting forces are expected and compared
with by experimentation obtained results for 2 cutting
conditions and 4 edge radii measured at completely different
stages of it's found that the cutting forces increase by
increasing the sting radius. it's conjointly discovered that the
cutting forces are higher at a rake angle of 0◦ compared with
a rake angle of 8◦. the rise of the cutting forces is especially
related to the modification of the friction conditions between
the tool and work contact. it's discovered that the expected
stability limits end in smart correlation with the by
experimentation obtained chatter free conditions.
Aramcharoen A et.al [17] the paper provides an
assessment of skinny movie PVD tough coatings in micro
milling of hardened device steel. The variations among
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macro and microscale machining have an effect on method
elements inclusive of slicing interface temperatures, forces,
traces and stress rates. The mechanisms thru which coatings
defend slicing equipment are stimulated with the aid of
using such method conditions. A huge variety of PVD
coatings have been evaluated primarily based totally on
more than one standard of device put on, floor end and burr
size. The consequences early display that in comparison to
different coatings or uncoated pleasant grain carbide
equipment, TiN coatings provide the great overall
performance in phrases of device put on discount and
development in exceptional of machined floor

[10] Sandeep Kuriakose, Anil Varghese Mangalan, Babu Namboothiri,
Amitava Ray, „„Micro Machining Process Selection: An Integrated Theory,
Procedia Technology 25 (2016) 862 – 868.

Malekian M et.al [18] this paper investigates the
mechanistic modeling of micro-milling forces, with
attention of the consequences of ploughing, elastic
restoration, run-out, and A ploughing pressure version that
takes the impact of elastic restoration into consideration is
advanced primarily based totally at the interference extent
among the device and the The elastic restoration is
diagnosed with experimental scratch exams the use of a
conical indenter. The dynamics on the device tip is not
directly diagnosed through acting receptance coupling
evaluation via the mathematical coupling of the
experimental dynamics with the analytical dynamics. The
version is confirmed via micro quit milling experiments for
a huge variety of slicing conditions.

[14] Kuan-Ming Li, Shih-Yen Chou, “Experimental evaluation of
minimum quantity lubrication in near micro-milling”, Journal of Materials
Processing Technology 210 (2010) 2163–2170
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Abstract— Manual seed planting process comes with a
lot of problems like low seed placement, spacing
efficiencies and extreme back ache for the farmer,
which reduces the field size that can be planted and
also makes the process lengthier. Imported mechanical
planters come with a price tag which is unaffordable
for our farmers. Eliminating the labour intensive
process can help farmers achieve good yield of crops.
To achieve the best performance from a mechanized
seed planting machine, the above limitations must be
minimized by creating a proper design and selection of
the best suitable components needed on the machine to
meet crop needs.
Keywords---rice, transplantation, phases, grashof’s
criterion, crank, rocker, gear, sprocket, input shaft.
I. INTRODUCTION
Out of the 7.8 billion large world population, almost 5060 percent has rice in their everyday meal. Rice is largely
processed and consumed in the Asian regions. India has
the world’s largest area under paddy cultivation, and has
ranked first in rice production. In India average
production of rice is 2.2 tons per hectare. Climatic
conditions such as temperature and humidity play a key
role in the growth of rice. The major steps used in the rice
production are, (1) Pre-Planting (2) Post-production (3)
Growth. However, most regions are lagging behind in
terms of rice produced the main reason for which is lack
of work-force. Using mechanical transplanters for
transplanting paddy seedlings is a benefitting solution to
the current situation in India in order to free the farmers
from drudgery and reduce the production costs of paddy.
Farmers are familiar of the advantages of transplanting
paddy over the broadcast. Yet because of high labor
shortages they are unable to do it. The transplantation
machines which are available for the country are still
imported. Engine driven transplanters are costly and the
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inter-raw, intra-raw spacing is fixed which is highly
inappropriate for the Indian situation. A simple
transplanted operated by motor or manually with an
average capacity of 1 hectare per day would be a better
solution. Numerous attempts have been made to
completely mechanize the transplanting operation by
bringing in various machines and research is under
progress to reduce the cost production with minimum
working load thereby reducing stress. Transplanting
requires chronic bending down and straightening up for
transplanting process. However, on the other hand
mechanical machines require energy to tug the machine in
field. Because of costlier automated machines, it is not
feasible for a small scale farmer to buy a non-subsidized
automated paddy transplantation machine. It is the need of
the hour to engineer a manual operated paddy plantation
machine.
II. LITERATURE SURVEY
1) Shivashenkaramurthy M, Agasimani AD, Roopa S
Patil, Praveen T Goroji and Annapurna Neeralagi [1]
in their paper Studies were conducted on the
feasibility of mechanized transplanting operations in
paddy crop with a view of timely planting and to
combat labor scarcity and reduce the cost of
cultivation. From the study, it can be concluded that
the Eight Row self-propelled paddy transplanter
could be used successfully with a labor saving of
about 80 % and eliminating the drudgery on the part
of laborers with the field capacity of the transplanter
being 0.17 ha/hr. and problem of labor scarcity in
malnad regions of Uttara Kannada district. An area of
1.0 ha can be transplanted in a day of 8 working
hours in.
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2) Prof. S.A. Kale [2]. Mechanization of paddy sector
will definitely lead to higher productivity thereby
releasing of work force to other sectors. The main
objective of this project was to create an ergonomic
design for a paddy transplanting machine to
transplant rice seedlings for small scale farmers in the
country. By performing the trials of the rice
transplanter it was concluded that the machine is
suitable for our harsh Indian climate. It is highly
affordable for small scale farmers.

proper growth. These include depth of mud, spacing
between saplings and how deep the saplings are to be
planted. Also the field must be examined for any
imperfections that can hamper the transplanting process.

3) Mr. Sumit Kadam, Mr. Vikram Kulkarni [3]. This
thesis focuses on structural research and the produce
for small scale Indian rice farmers of a manually
operated rice planter. The rice transplant they built to
function has been found to be satisfactory. Input shaft
specification is tested analytically and also by FEA.
4) Joseph F. Rickman, Frank Mussgnug, C.M. Khanda,
Swetapadma D. Satpathy [4] This booklet illustrates
the advantages of rice mechanical transplantation, and
addresses some of the organizational and
management problems that require addressing. This
publication is a CSISA effort to highlight critical
steps in the preparation of mat nursery, mechanical
rice transplantation, machine operation, and
maintenance.

Fig. 1: Rice field
CAD design: It is easier to create a computer model of
the machine and test it for errors. This saves a lot of time,
money and effort of the engineer. First step will include
creating rough parts such as kinematic links or frame of
the machine. Then we can assemble the linkages to create
4 bar mechanism and simulate its motion. Based on
assemblies, we can rectify the dimensions of parts in order
to ensure proper fit.

5) Rajib B, Chitta RM [5] published a paper for a similar
project which included design and fabrication of
manual rice tranplanter. Satisfactory results were
yielded in the paper and it was observed that human
efforts were reduced with a field efficiency of about
86.70%. The test field used was of dimensions 20m x
20m which yielded a sapling plantation time of
around 3.13 hours using the manual transplanter.
6) M. Kumar, A. Manna, A. Poddar, H. Lathi, P.K.
Verma, R. Agarwal, S. Bhushan, S. Vaid, S.Kumar
[6] conducted a project and published its study and
result. This booklet is a combination of rice
transplanter design along with MATLAB simulations
of linkages and their inversions. The design is robust
in nature and is successfully manufactured and tested.
Multiple machines can be connected in line to a
tractor to increase number of rows planted at the same
time.

Fig.2: Sapling planting mechanism

III. METHODOLOGY
Field analysis: Rice plantation comes with specific
requirements and so does its transplantation. It is
important to study these requirements so as to promote

Fig.3: Side view of planting mechanism assembly
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Testing: Testing includes stress analysis for the material
selected, linkage simulation, etc. For instance, the
dimensions of linkages in crank rocker mechanism can be
improved by simulating the motion using mechanical
constraint in Fusion 360. This will help decide the
trajectory of picking arm that is driven by crank rocker
mechanism. Second type of analysis includes material
testing. Here, the material to be used in final
manufacturing is to be tested using FEA software. The
material should be cheaper but stronger as it will help
bring down the cost without compromising build quality.
Stress analysis can be done using software like Ansys
using values like tensile strength for that particular
material. It proves beneficial as the design is optimized in
a better way.
Manufacturing: Based on the final design, the machine
can be manufactured and tested in a sample field with
same specifications as mentioned in standard guides or
manuals for rice plantation. The machine should not be
damaged by the terrain and muddy rice field and should
require less maintenance. It should also be suitable for use
in Indian climate.

1. Study of rice
transplantation
requirements.

PHASES

2. CAD design
and simulation
of product.

Fig. 5: Commercially available rice transplanter
IV. EXPERIMENT/ANALYSIS
Using computer-aided design (CAD) software like Fusion
360, we can easily create parts, assemble them and
simulate the overall motion with mechanical constraint.
Current small rice transplanting machines use 4-bar crank
rocker mechanism which transmits the crank motion
generated by the wheel to the planting arm which is driven
by the rocker [4]. Grashof’s criterion is given by,

s+l < p+q

(1)

We can vary the range of motion of the mechanism by
changing the values of variables s, l, p and q while
satisfying equation (1).

3. Rigidity,
weight analysis
using ANSYS.
4. Fabrication
and testing of
final product.

Fig. 4: Phases of the project

Fig. 6: Crank-rocker mechanism
Using different values, we can plant a suitable trajectory
for the planting arm. Different linkages can be
experimented with in order to increase the efficiency of
plantation. Material testing as well as stress analysis of the
entire machine is also important. Previous models use
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mild steel for fabrication and it has been observed to turn
out heavier to operate. Using finite element analysis,
different materials can be tested for stresses in order to
make it low weight yet strong with long life [3]. Ansys is
the best choice for this purpose. For further ease of use, a
low speed, high torque DC motor can be used in order to
automate the machine entirely. It is important that the
machine be easy to use because majority of the farmers
are uneducated and not familiar with technology.

1) Aluminum: Aluminum’s benefits make it a modern,
efficient and effective material for building and
construction through its properties like durability,
flexibility, light weight, strength, corrosive resistance and
recyclability. It can be used as a material for the frame and
the tray which will be filled with rice saplings as well as
the shafts and arms of the rice transplanter.
2) Mild steel: Mild steel is a low carbon steel i.e. it
contains small percentage of carbon that enhances the
properties of pure iron. This material exhibits properties
like high tensile strength, good ductility, weldability and
resistance to breakage, which can be useful for making the
main arm which can plant the sapling with a good force at
the required depth.
V. RESULT

Fig. 7: Rice plantation cycle
Study of rice transplantation requirements: All the
other machines used for rice plantation use heavy metals
like mild steel for construction. But as we have studied,
we don't require such a heavy material as the machine is
prone to sink into the paddy field, where heavy machinery
makes it difficult to move the machinery around the
paddy. So, we are going to select aluminium for the frame
(chassis) material and aluminum or MS for the arms and
rest parts. It will help us in reducing the weight which will
make the movement of the machine into the muddy field
easier. As, weight reduces and we select the above
specified materials, our cost is also going to reduce which
will be affordable by the farmers.
Plantation conditions:
a) The very first step of rice plantation is, growing the rice
seeds for 30-50 days.
b) After that seeds are soaked from there and planted in a
paddy field.
c) Rice is a crop which can flourish in flooded soil.
Hence, the paddy field should contain 15-20 cm of water
level from base.
d) While transplantation process, the spacing between two
rice plants should be 7-20 cm in all 4 directions.
e) The rice saplings should be inserted at a depth of 2-4
cm inside the muddy field (base) with a significant force.
Materials:

Fig.8: CAD model
Working of the model: The entire assembly is powered
by a wheel located at the centre of the input shaft. Along
with the wheel, a sprocket is mounted on the input shaft.
When the transplanter is pulled, the wheel rotates causing
the input shaft and the sprocket to rotate. This rotation is
transferred to a secondary shaft using a chain-sprocket
assembly. The secondary shaft uses a spur gear assembly
to reverse the direction of rotation for the planting
mechanism to work. Both the spur gears have same
number of teeth as the main motive is just reversing the
direction and not speed variation. On the other hand, to
achieve increased rotational speed of the crank in
plantation mechanism, 2 sprockets of different number of
teeth are used. This ensures that for one rotation of the
wheel, the crank will rotate multiple times in order to
maintain the required spacing of approximately 20 cm
between 2 saplings.
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Fig.11: Total deformation of input shaft

Fig.9: Side view of model
Gear selection: As the main function of spur gear
assembly is limited to reversing direction of rotation,
standard gears are selected as there is no need of specially
designed gears. Both the gears have same number of teeth.
Cast iron material is suitable for easy machinability.
i.e. No of teeth on each gear = 20
Sprocket selection: A combination of one large and one
small sprocket is used for increasing the speed of crank
with respect to the wheel. Larger sprocket has more
number of teeth and smaller sprocket has less number of
teeth. Both sprockets are of cast iron.
No. of teeth on large sprocket = Z2 = 25
No. of teeth on small sprocket = Z1 = 10
Chain pitch = p = 19mm
Distance between both sprockets = d = 245mm
A = Z2 + Z1 = 35
S = Z2 – Z1 = 15
For S = 15, T = 5.7 (chain selection standard)
Length of chain required in terms of pitches
= (2d/p) + (A/2) + (T*p/d)
= (2*245/19) + (35/2) + (5.7*19/245)
= 43.7 = 44 (number must not be a fraction)
Safety of input shaft: Since the input shaft has a wheel
and large sprocket mounted on it, load experienced is
high. Hence it is necessary to test the shaft for its strength.
ANSYS is used for such tests.
Shaft material: AISI 1020
Length = 200mm
Diameter = 15mm

Fig.10: Equivalent stress on input shaft

Fig.12: Safety factor of input shaft
Following results were obtained through FEA tests on
ANSYS:
Equivalent stress = 118.53 MPa (max)
Total deformation = 3.0295*10-5 mm (max)
Above values obtained are within the allowable range,
hence the shaft is safe from failure.
All the tests using manual transplantation machines were
conducted in small fields ranging from 150-400m2 area. It
was found out that the time lost in turning the machine to
start planting in a new row was very less. Also, the extra
time compensated for any required repairs or refilling the
tray with more saplings. Overall, the efforts required were
drastically reduced as observed through experimentation
and testing. The same can be expected from this design
after fabrication.
VI. CONCLUSION
The design is safe from failure according to all the virtual
tests conducted. It is expected to perform similarly during
physical tests after model fabrication. The weight of this
assembly as tested on ANSYS is around 12-13 kilograms.
Based on all the study done, it can be concluded that
mechanical transplantation definitely achieves a better
result in comparison to conventional hand transplantation.
Further reducing the weight requires material change but
if successful can in turn minimize the effort required
which in turn can increase productivity. This can prove
beneficial in a country like India where agricultural sector
is an important part of the economy.
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Application & Management (IJREAM), vol. 04, issue 03, pp. 252256, June 2018.
[6]

Fig.8: Global rice transplanter market
There is tremendous opportunity for rice transplanters in
India since most of the farmers are small scale farmers
and could use some help in the tedious process of paddy
transplantation. Using a motor the machine can be
automated to achieve maximum efficiency.
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Abstract - We observed that a lot of agricultural waste

is not utilized to its full extent. Moreover, the fuels
available to the people are not sufficient because their
needs are growing. The people of rural India suffer
the most as many of them depend on biomass energy.
We also have a world that is speeding towards global
warming. Therefore we thought of a solution for the
aforementioned problems- a briquetting machine. We
will use the agricultural waste to produce briquettes
that will be combusted to produce useful energy. Our
project aims at bringing synergy, the result of which
will aid not only the people but also the environment.
Our project focuses on the design and fabrication of a
briquetting machine which is portable and can be
done at very low cost. It also focuses on the
production of
biomass briquettes using raw
materials such as agricultural waste, sawdust and
dry leaves with binding agents like coffee husk or
wheat flour. Also we have carried out research on
the calorific values of the briquettes using bomb
calorimeter. The results indicated that the briquettes
made from sawdust, dry leaves and very small
amount of wheat flour (binding agent) are compact,
dry and have greater calorific value when compared
to the briquettes made from sawdust, dry leaves and
coffee husk (binding agent) are not strongly bonded
and possesses slightly lower calorific value.
Keywords—briquetting machine, binders, mechanism,
efficiency.
I.

INTRODUCTION

As the Indian economy is flourishing,
energy
consumption is increasing. Energy Consumption in the
household sector contributes 40% of the total energy
consumption all over India. A substantial population of
India lives in rural areas which depends upon biomass
and Kerosene for their domestic energy needs. The

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

Abhinav rai
Mechanical B 08
Thakur College of Engineering and Technology
Mumbai, India
raiabhinav2698@gmail.com

Mr RS Deshmukh
Professor Mechanical Department
Thakur College of Engineering And technology
Mumbai,India
rs.deshmukh@thakureducation.org

scaling up of deforestation has graven the problem of
rapid climate change and global warming. One
practicable option could be densification or briquetting to
overcome this problem. It has a great scope in rural India
as India produces large amounts of biodegradable waste
every year. This includes rice straw, wheat straw, leaf
wastes, coconut shells and fibers, stalks of leafyvegetables, rice husks and sawdust. Some of this biomass
is just burnt in air; some like rice husk are mostly
dumped into huge heaps of waste. Open-field burning has
been used traditionally to dispose off crop residues and
sanitize agricultural fields against pests and diseases.
Instead of burning down these wastes or letting them
decompose in open air which simply raises the problem,
it can be converted to biofuels to produce power either by
direct combustion or transforming these loose biomass to
solid fuels. Biomass briquetting is the densification of
loose biomass material
to produce compact solid
composites of different sizes with the application of
pressure..
Compared to coal- The use of biomass briquettes has been
steadily increasing as industries discern the benefits of
decreasing pollution through the use of biomass
briquettes. Briquettes dispense higher calorific value per
rupee than coal when used for fueling industrial boilers.
Along with higher calorific value, biomass briquettes on
an average saved 30–40% of boiler fuel cost. Some other
sources suggest that co-firing is more expensive due to the
widespread availability of coal and its low cost. However,
in the long run, briquettes can only limit the use of coal to
a small extent, but it is increasingly being chased by
industries and factories all over the world.
II.

NEED OF USE

Development of a substitute fuel for conventional fuels,
such as wood, coal, charcoal and Liquefied Petroleum
Gas LPG, is the need of the hour. Briquettes are
inexpensive as they are manufactured from waste. They

Multicon – W:- ICAMCE - 2021
are additionally used as a replacement for the fuel for
cooking purposes and several other heating processes.
With the development of Indian market and industries,
energy consumption is increasing every day. The rural
masses, including farmers, mostly depend on biomass or
kerosene for their energy needs.
On the other hand, India generates a lot of agricultural
waste that is simply burnt or left to rot. Briquetting
technology aims at solving both the issues, the
agricultural waste becomes the main ingredient of
briquettes, and paper waste from the municipality which
mainly acts as a binding agent, is utilized meaningfully.
Briquetting technology, a type of
unpolluted coal
technology, will facilitate the deceleration of global
warming and serve to conserve forest resources. By using
this, we can do our bit to help the environment
III.

DESIGN CALCULATION

At an initial stage, we considered diameter as a
constant factor and decided to produce a briquette of 7 cm
diameter. Therefore, cylinder of 20 cm length and 3.5 cm
radius was required. The thickness of the cylinder was
considered at 1 cm as the cylinder will have to withstand
high pressure. Thus, after the compression stage, we will
get a briquette of 7 cm diameter and 7 cm height. On the
basis of above data, we have carried out the calculations
for hopper.
A. VOLUME CALCULATION FOR HOPPER:
Volume of cylinder = π × r2 × h
Volume of cylinder = 3.14 × (3.5) 2 × 20 = 769.3cc
After the grinding of raw material , the volume of raw
material (which was initially added to the hopper) reduces
to 1/3rd of volume of raw material. We are aiming to
produce 5 briquettes for one completely filled hopper.
Therefore we will multiply volume by 3 and 5.
So we get, Required Volume = 769.3 × 3 × 5
= 11539.5 cc
Actual Volume of hopper = 1/3 × π( r12 + r1 × r2 + r22) ×
h
= 1/3 × 3.14 × ((13.5)2+ 13.5 × 16 + (16)2) × 18
= 12125.61 cc
So, we have considered the hopper dimension as ( r1 = 16
cm, r2 = 13.5 cm, h = 18 cm) ,so that we can produce 4 to
5 briquettes at a time.
B. CALCULATION FOR PUNCHING FORCE:
F= P×t×shear strength
P = perimeter,
t = thickness

Circular perimeter
F=π×54×2×85

Shear

strength

=

85N/mm2

= 2939.8Kg
=2.93ton
C. DESIGN OF DIE:
From book ‘Metal Forming Process’ by G.P.Nagpal
t=25mm, When P=75 to 250mm
P= Blanking Perimeter
P =π D
=π×62
=195mm So, Required thickness of die block is 25mm
IV.

LITERATURE REVIEW

[A] Maninder et al. Every year innumerable loads of
agricultural waste is generated that is either destroyed or
burnt inefficiently in loose type inflicting air pollution.
These wastes may be recycled and can give a renewable
supply of energy by changing biomass waste into high
density - fuel briquettes with addition of a binder. Natural
sources benefit from recycled fuel because it facilitates
conservation of our surroundings. For this the biomass
briquetting is the main sustainable energy resource. In this
paper the raw material including rice husk, coffee husk,
saw dust, ground nutshell and cotton stalks etc. were
densified into briquettes at high
temperature and pressure using different procedures. We
discuss the various advantages, factors that affect biomass
briquetting and comparison between coal and biomass
briquetting.
[B] S. H. Sengar et al. This search emphasises the
development of the newly-patented model of a screw
briquetting machine for densifying biomass into a solid
block. The design of the machine is predicated on the
results of a comprehensive study of the method of
biomass compaction. This structure meets two main goals:
the elimination of axial forces, resulting in improved
lifetime of the bearings, and the new design of a pressing
chamber and tools with their geometry based on the
application.
[C] MR. KISHAN B S , MR. KIRAN KUMAR , MR.
SANTHOSH T J , MR. CHARAN RAJ: In this paper a
briquetting machine employing piston press technology
has been designed . The system consists of a hopper ,
mixing blade , a 750 watt electric motor and a hydraulic
jack . The machine is designed to produce 5 briquettes
when the hopper is completely filled . The machine uses a
lever to lower the punch connected to the hydraulic jack
and apply pressure on raw material to produce briquettes.
The resultant briquettes formed were dense and burnt
efficiently . The use of a simple hydraulic jack along with
a shredding mechanism helped to attain the objective of a
low cost and simple briquetting machine.
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V.

PROBLEM DEFINITION

A. PROBLEM STATEMENT


To construct a briquetting machine which is
economical ,portable and easy to operate.



To make briquetting machine universal so any
kind of raw material with available binders can
be used to make briquettes.

B. OBJECTIVES
The general objective of the study was to fabricate a
biomass briquetting machine suitable for rural masses of
developing countries, as well as for small-scale industries.
The specific objectives of the project were:


To design and construct an biomass briquetting
machine.



To fabricate a machine that does not burn a hole
in the buyer’s pocket.



To simplify the process of briquetting by
allowing a variety of input to the machine.



To reduce the size of the conventional machine,
allowing it to be portable, keeping its efficiency
intact.
VI.

METHDOLOGY

The Methodology is divided into three parts, namely
design of a compact briquetting machine, identification
of various stages and finally, the fabrication. We will now
take a glance at the primary visuals of the idea conceived.
A. DESIGN OF BRIQUETTE MACHINE

The compact briquetting machine has been designed
with the aim of abolishing individual/ conventional
machines, reducing material handling, labour and space,
and improving productivity. The final briquette produced
must have an optimum calorific value and density . Firstly,
we deliberate the traditional and the new system of
briquette production.
The existing briquetting system consists of three
individual machines working together, including rushing,
mixing and briquetting machine- the carbonized material
is transferred to a crushing machine which has a hammer
mill for grinding the material into a fine powder, the
ground charcoal and binder are thoroughly mixed at a
fixed mixing ratio and then transferred to a briquetting
machine to be extruded into briquettes. Thereafter the
briquettes are cut and dried before transporting.
The new briquetting system as the suggested designthe carbonized material is transferred to a compact
machine and then the binder is added into the feeding
mechanism. Briquettes are extruded out at the die exit.
Finally, the briquettes are cut and dried before
transporting. Thus it helps to minimize human effort,
material handling, transfer time, space and production
time. It eventually leads to improved productivity .

RAW MATERIAL WITH MORE
THAN 12% OF MOISTURE &
MORE THAN 25MM SIZE

CRUSHER
MACHINE

RAW MATERIAL HAVING
MORE THAN 12% MOISTURE
& LESS THAN 25MM SIZE

DRYER

RAW MATERIAL
HAVING LESS THAN
12% MOISTURE & LESS
THAN 25MM SIZE

BRIQUETTING
MACHINE
Figure 1: Briuetting machine as one unit

FINAL PRODUCT /
BRIQUETTES
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RPM and grinds the raw material. After grinding, the

material passes through the sieve plate.

VII. COMPONENTS
1) Hopper
It acts a feeding device through which the various
raw materials are fed into the main housing. By using
sheet metal, the hopper is made. Different kinds of hopper
s are used for the briquetting machine according to size

4) Die Holder
Die holder is used to hold the briquetting die used in
the machine. It keeps the die within needed constraints, so
that the high pressure exerted on die does not disturb the
actual die position.

5) Taper Die
Taper die is used to give desired shape to briquettes.
Its area goes on decreasing so when it comes out from the
die. Briquettes are compressed upto certain extent so that
they can hold shape.

and shape required. Raw materials are fed in the hopper
when the machine runs. Waste biomass (husk) and
different raw materials are fed gradually to the machine
and briquette is produced.

2) Motor
Here we are planning to use AC motor of 750Watts ,
230 Volts and 1800 RPM (with no load ). We will use
regulator to control the speed of the blade which is
connected to the motor , as required on the amount of raw
material to be grinded inside hopper
3) Blade
This acts as a grinding member which is fixed in the
hopper and is made up of stainless steel . Based on the
power input from regulator, the blade rotates at a certain

6) Sieve Plate
From the sieve plate, through which the ground raw
material passes is collected in the sliding component. The
sizeof sieve is 5mm. This dimension is taken by referring
to various journals, which says that the grain size between
3mm to 5mm is best suited for good compactness. Here
the sieve plate is made by using any preused sieve and cut
in a disc shape, after that it is fixed between two plates
using nut and bolt.
7) Hydraulic Cylinder

Hydraulic cylinder is used as a linear actuator to
generate required amount of pressure to compress the raw

145
material into briquettes. We are going to 3 ton capacity
hydraulic jack in our machine.
8) Bearing
Bearing is used to balance rotational friction and
support radial and axial loads. This is achieved by using
at least two races to hold the balls and transmit the loads
through the balls. In most applications, one race is
stationary and the other is attached to the rotating part.
9) Gears
Gears are used to transmit power to the compressing
unit to produce compact briquettes. Simple arrangement
of gears is used to reduce complexity of machine.
10) Base Frame
It is the structure over which the whole weight of the
machine will act. It is designed in a way to equally
distribute the weight over entire structure . The frame is
made of various sizes of angle bars and sheet metal.
The frame also makes the structure stable by
reducing vibrations.
11) Main pulley
It is a wheel on an axle that is used to support
movement of a belt along its circumference. It is
fabricated by casting it in a circular shape. The operations
of facing, turning, boring, groove cutting (V-type) are
performed step by step. Lathe and Shaper are used for
doing other operations. It is the power transmission
device, which transfers power from the motor to the main
power transmission of the briquetting machine. Belt is
used for transmission power from electric motor to the
main shaft.
12) Raw Material
The raw material that can be used for producing
briquettes are Groundnut shell , Sugarcane Biogases ,
coffee husk , paddy straw , sawdust , Cow dung, wheat
straw , Wood chips . Raw Material is fed through a
chamber into the hopper and is then compressed by the
piston press arrangement to form a briquette.

VIII. FUTURE SCOPE
Double-acting piston: The piston that is used to
compress and raw material into briquettes can be
efficiently used by using its reciprocating motion at both
ends. All we have to do is attach another hopper, grinding
unit and die on the other side of the piston, it will then
compress two briquettes at a time thus doubling the rate
of production of briquettes.
Variety of materials: All the existing briquetting
machines allow only a particular type of raw material to
be fed. On conducting an extensive research on raw
materials, we could allow various combinations of
materials to be fed and corresponding briquettes to be
produced. This could increase the utility of the machine
as ‘lack of raw material’ will never cause a hindrance.

IX.

APPLICATIONS

Biomass Briquettes have ample applications. They
can be used for steam generation in boilers , heating
purpose , drying process and gasification plants to replace
the use of conventional fuels like coal , wood and liquid
fuels such as petrol, diesel, Kerosene . Use of briquettes
also helps to reduce pollution and also reduce the fuel
consumption. They also improve the overall efficiency of
the plant . Biomass Briquettes produced by briquetting
machine are a way forward for a sustainable environment
and future world.
Use of Briquettes In Various Industries
 Gasifier System Applications
 Refractory Industries
 Chemical Industries
 Dyeing Units
 Milk Plant
 Food Processing Industries
 Vegetable Plants
 Textile Unit
 Spinning Mill
 Lamination Industries
 Leather Industries
 Brick Making Units
 Rubber Industries
 Industrial Thermal Application
 Power Plant
 Food Industry

X.

ADVANTAGES OF BRIQUETTES

1) Concentrated
As compared to loose biomass , briquettes have high
specific density (1200kg/m3) and bulk density (800kg/m3)
compared to 60 to 180 kg/m3 hence they offer a more
concentrated form of energy than firewood or charcoal.
2) Slow-burning
Due to compression the briquettes become dense and
that allows it to burn for a lot longer as compared to the
loose biomass.
3) More efficient
As the compactness increases, there is also an
increase its heating value . Briquettes can produce more
intense heat than other fuels relatively . They have a
higher thermal value and much lower ash content . The
ash content of briquettes is 2 to 10% as compared to 20 to
40% of coal. They are 40% more efficient, as well as
hotter and longer lasting than firewood. This greater
efficiency of briquettes is do their lower moisture content
.
4) Smokelessness
Briquettes of unique property of producing no or
very less smoke. Briquettes produce no smoke, soot, or
carbon deposits. Depending on the material they are
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composed of , they produce no or little fly ash. Briquettes
also do not emit gases or any toxic chemicals like sulfur.
5) Availability
Briquettes are made up of biomass. And there is no
limitation of it in our surrounding; for example -Saw dust
, wheat straws from farm. This will also help in waste
management. The raw material is easily available .
6) Easy to make
Presently commercial briquettes are sold in the
market. However, the cost of machine is very high. With
this machine the briquettes can also be made at home and
all that you must have is a stock of combustible matter, a
binder, and a molder to shape the briquettes.
7) Easily stored
The size and shape of briquettes make them easy to
be stored. We can pile them up in several heaps because
of their compact shapes like cubical, spherical,
cylindrical, or rectangular blocks. They are also clean to
handle and be packed into bags.
8) Easily transported
Compaction reduces biomass waste into briquettes
and its the volume by 10 times, making it much simpler
to store and transport than loose biomass waste. Their
shape, size, and density, makes them excellent for long
distance transport. Likewise, loading and unloading costs
are much less and are done easier.
9) Cheaper
Since briquettes are domestically made using raw
materials such as plant and animal waste, so they are less
expensive to produce and hence sold at lower prices
10) Renewable
Briquettes are made from organic materials which
are easily available and renewable. Hence, using them as
alternative fuel source is sustainable in long run .
XI.

CONCLUSION

Currently the project work is in the research phase . We
have gone through various papers available on the
briquetting machine and identified the gaps and future
scope . A thorough research is being conducted to
determine the appropriate chemical composition of the
briquettes. Various papers with results of combusting
different types of briquettes have been read by us. Once
the research work is completed we will be moving towards
the designing it on a software and then test it .The
fabrication work shall begin after the research and
designing phases are completed.
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Abstract—Manufacturing is considered to be the
backbone of an industrialized nation which leads the
nation towards the better future improving the scope of
business worldwide and in a way contributing towards
the economy of the nation. In today’s competitive
atmosphere there are tons of industries manufacturing a
particular product (say bottles) and sell it in the market.
Our project basically aims the productive study of series
of events performed by plastic industry which
manufacture bottles and finding the ways how we can
help this industry to increase the production rate in a
particular time constraint .Also, we will be aiming
towards improving sustainable manufacturing as the
industry makes the use of plastic for manufacturing .

product which includes cradle to grave design by eliminating
wastes in the whole process to create value.
II. VALUE STREAM MAPPING
Process of visually mapping the flow of information and
material. Lean manufacturing tool for the manufacturing
process.It includes mapping out a particular process and
then determine if each step is genuinely integrating value to
the product by eliminating waste. It forms the basis of an
implementation plan and a blueprint for lean
implementation.It shows linkage between information flow
and material flow.

KEYWORDS— PET,Value Stream Map, Product Life
cycle, Bottles, Recycling

I.

INTRODUCTION

Manufacturing activity is considered to be an essential
ingredient in enterprises’ efforts to improve its overall
performance. Superior manufacturing performance leads to
competitiveness in firms. There are two obligatory steps,
which a firm must undertake to excel in manufacturing.
Firstly, the firm must determine what its manufacturing
competitive priorities are and where its stands on these
aspects in relation to its major competitors. Secondly, in
order to sustain manufacturing strength, the enterprise needs
to understand what critical manufacturing practices
determine superior manufacturing. In the manufacturing
industry, increasing number of companies have identified
market potential for the implementation of sustainable and
green manufacturing. Yet, the current sustainable evaluation
tools for companies are complicated and they require very
large data and expert advices related to technical and
functional aspects to utilize them. Value stream mapping
(VSM) is based on lean manufacturing principles and it
utilizes a simple method to analyse different types of
material, energy and information flow, which is needed to
bring product and services to customer end. Hence,
sustainable value stream mapping plays an important role in
determining the different sustainable factors.
Value steam mapping is one of the most important tool,
which can be applied to life cycle assessment (LCA) of any
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Fig 1. Flow chart of VSM.
VSM can be a tremendous tool to help determine how to
improve delivery chains that require complex processes. If
you have a highly complex process, VSM can be used to
create a comprehensive view and understanding of the entire
process, or it can be as focused as needed on a segment of
the process to address specific objectives.
Value stream maps can be created for every individual
product and service for every type of business.here in our
project we will be focusing on value stream mapping of the
industry producing PET bottles.
III. PRODUCT
LIFE
ASSESSMENT (PLCA)

CYCLE

It considers the product life cycle as a whole and optimizes
the interaction of product design, manufacturing and life
cycle activities. It is a technique for assessing the
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environmental aspects and potential impacts associated with
a product.
Life Cycle Steps:


Raw material including energy production during
the operation phase.



Manufacturing and Assembly.



Transport (of parts and assemblies).



Operation, including maintenance.



End of Life.

WHAT IS PET ?
Polyethylene terephthalate or PET is a thermoplastic
polyester resin. It is a polymer of ethylene and terephthalate.
It is very light in weight. The weight of PET bottles ranges
from 20-30 grams. Unlike other plastics it has very high
strength as compared to its weight. Such resins may be
classified as low-viscosity or high-viscosity resins. Lowviscosity. PET typically has an intrinsic viscosity of less
than 0.75, while high-viscosity PET typically has an
intrinsic viscosity of 0.9 or higher.
WHY USE PET?
It is very light in weight, so products can be packed and
shipped easily It is crystal clear, colorless and transparent
polymer as required in most of the areas of demand. PET
bottles can be recycled easily. It leads to sustainable
manufacturing. Recycling also helps in reducing the cost.
These bottles are tough and virtually unbreakable during
manufacturing, storage and transportation. It provides up to
90% reduction in weight as compared to glass, thus
enhancing a more economical transportation.
Also it has high pressure resistance.
MANUFACTURING OF PET BOTTLES
For producing shape of bottles,

Fig 2. processes involved in manufacturing of PET
1. PREFORMS
Preform is to form or shape a product to a preliminary
shape and size. In easy words for PET Preforms the
PET (Polyethylene Terephthalate) material is formed to
a shape which is like moulded to a specific shape which
is then afterwards blown to a bottle in the blowing
machine. There is one characteristic of PET preform,
which is the product that made from it will be clear and
transparent. The surface is smooth and sparking, which
can attract the buyer´s attention. This makes the PET
preform a delicate product. On the other hand, although
the PET preform can create a similar sensation just like
glass. It’s not fragile as glass. The wall is strong and
tough,
which appears on the container. The figure 4.6
.

shows actual Preforms used for manufacturing of
bottles.
2. PET STRETCHING PROCESS

Fig 3. PET stretching process
A typical stretching sequence for PET is shown in
figure 4.7. As force is applied to the material, there is a
region where very little stretching occurs (A). Here PET
behaves somewhat like an elastic material: if it is
stretched only a small amount and released, it will
shrink back to its original size. If stretching continues
past the yield point (B), however, the material will start
to stretch and become thinner, causing permanent
deformation. This is 46 followed by a region of
continued stretching, where the amount of force
remains constant (C). Once the material has been
stretched past its natural stretch ratio (NSR) (D), a
dramatic increase in force is required for additional
stretching to occur. This is known as the
strainhardening region (E). It is here that the highly
desired increases in physical properties are maximized.
Therefore, it is critical that the natural stretch ratio be
surpassed slightly during the stretching process.
3. BLOWING PROCESS
The hot preform is simultaneously stretched and blown
(thereby orienting the crystals of and strengthening the
PET) into a shaped blow mold to form a tough,
lightweight container. PET that is heated to a
temperature where its chain-like molecules are
sufficiently mobile to uncoil instead of breaking when
extended, can be oriented by stretching. Stretching
applied from two directions at right angles, as in stretch
blow molding, gives biaxial orientation. Oriented PET
contains closely packed chains aligned in the directions
of stretch. The material is stronger because the 47 PP
Granules Injection Moulding Process Required No of
caps molecules act together instead of individually. The
tensile strength of oriented PET is several times that of
the un stretched material and the impact strength,
barrier and chemical resistance are also significantly
improved, so bottles can be lighter without sacrificing
performance and finished bottle is ejected from the
mold.
4. REQUIRED SHAPE
The final product is obtained as soon as the product is
removed from the blow moulding set up and cooled at
6-7 degrees.
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IV. LITERATURE REVIEW
As this project work focuses on the product life cycle
assessment in sustainable manufacturing by value stream
mapping, following reviews of articles are considered for
the literature review
R.M. Belokar et al. (2012) optimized an Application of
Value Stream Mapping in Automotive Industry. They
address the application of Value Stream Mapping as
one of the Lean tools to eliminate waste, and
improved operational procedures and productivity.
Current state map is prepared and analysed and
suggested to improve the operational process.
Accordingly the future state map is drawn. The study
reveals that there is an improvement in the takt time by
implementing the proposed changes if incorporated in the
future state map. case study was carried out in an
automobile industry CAPARO LIMITED located at
Bawal Rewari) in India and end result is there is near
about 67% improvement by improvement in value adding
activities .
Hauschild et al. (2017) optimized Life Cycle
Assessment to sustainable production reviews the current
state of Life Cycle Assessment (LCA) introducing the
central elements of the methodology and the latest
developments in assessment of the environmental,
economic and gregarious impacts along the product
chain. An overview is given on Design for Environment
(DFE), presenting central findings from the latest decade
of research and reviewing different DFE implements
which have been developed. The role of industry in
meeting the sustainability challenge to our societies is
discussed, and it is concluded that industry must include
not only the eco-efficiency, but additionally the product’s
environmental justification and the company ethics in a
life cycle perspective in order to become sustainable.
Hence they have shown apart from the gregarious life
cycle impacts, both the analysis implements (LCA) and
the synthesis implements (DFE) for amendment of the
life cycle performance of products are available today to
fortify a widespread Life Cycle Engineering focus in
industry.
Gill (2018) proposed application of Value Stream
Mapping to eliminate waste in an emergency room.
Research effort involves a review of subsisting literature
pertaining to application of the VSM implement in
hospital emergency rooms/departments. He presented the
potential benefits emanating from application of VSM
along with assessing its efficacy in scenarios where it has
been implemented already. VSM could be applied
prosperously to an emergency room setting some
challenges. The challenges could be divided into two
groups – intrinsic and extrinsic. VSM could prove to be
PLCA is a tool to assess the environmental effects of
products in the life cycle. There are two types of PLCA:
a) Cradle to gate: Raw material to finished good.
b) Cradle to grave: It involves everything from
extracting of the raw material to disposal of used/finished
goods.

an invaluable implement in eliminating waste from an
emergency room. However, the practitioners and their
sponsors must ascertain that 21 the VSM should be
habituated to identify waste, plan waste reduction,
revaluate the calibre of waste in the amended process, in
an organization wide, perpetual cycle.
OBJECTIVES
Finding a innovative and sustainable solution to the
following aspects of pet manufacturing are the main
objectives of this project .


Product development and innovation



Quick delivery



Fulfilling demands for wide range of products



Environmental considerations



Optimum utilization of resources

V. RESEARCH AND DEVELOPMENT :
The global PET bottle market reached a volume of 12.7
Million Tons in 2019. Polyethylene terephthalate (PET)
refers to a thermoplastic polymer resin of the polyester
family which is widely used for manufacturing plastic
bottles. In comparison with PP, HDPE and PVC bottles,
PET bottles are more durable, transparent, lightweight, nonreactive, cost-effective and thermally stable.
Advancements in technology have created a positive
outlook for the PET bottle market. For instance,
manufacturers have introduced a plasma-based coating
which makes PET bottles more impervious in nature. Apart
from this, they have also started utilizing silver to increase
the product shelf life.
Recent changes in packaging regulations of various
countries have also influenced the PET bottles industry. For
example, in line with the new German Packaging Act,
manufacturers are inventing new interior coating processes
like Fresh and Safe PET that makes bottle-to-bottle
recycling possible.
VI. PROJECT METHODOLOGY
1) Selection of product :
The first step of the study is selection of the product on
which the study is to be carried out. Here in this study as we
have selected PET (polyethylene Terepthalate) because this
product is cheaper in price and many manufacturers produce
them.
2) Carrying out product life cycle assessment:

To ensure the recycle and reuse of the product Cradle to
grave type of LCA procedure is used in the production
process.
3) Applying value Stream Mapping Tool :
VSM is a visualization tool to map the path and identify
all processes Involved in the service. The basic tools for
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effective value stream mapping involve the following
parameters;
 Cycle time: it is the time taken for the part to
complete a particular process
 Change over time: it is the time period required
to prepare the device or system for it to change
from producing the last batch to producing the
next batch.
 Processing time: Actual time spent on working
on a product
 Working time: It includes the total shift time
neglecting the break time
4) Linking sustainability with VSM approach:
Sustainable development may be defined as the
“development that meets the needs of the present without
compromising the ability of the future generations to meet
their own needs.
Taking into considerations sustainability in design is
widely accepted, but current practices in manufacturing
are still traditional aiming at high quality of products at
low cost.
However, the prospects for sustainable manufacturing are
focused on the following aspects:
1)
Manufacturing technologies for producing
advanced energy sources or storage.
2)
Modelling of sustainable, environmentally
conscious manufacturing processes and systems.
3)
Manufacturing technologies for reduced impact.
4)
Green supply chains.
•
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Abstract-- World is growing at the fastest rate in

the 21st century as compared to any century that
mankind has ever witnessed. The major portion of any
economy is based on electricity which in turn is mainly
produced by firstly depleting fossil fuels. However, a
small but steadily increasing portion of this valuable
electricity goes in air conditioning and refrigerating
system around the globe. The portion of total energy
which is used for air conditioning system is around 9%
of total production around the globe. this high use of
energy for air conditioning is predicted to raise by
coming years there by drawing more energy and
economy in the field.
Vapour Compression Air Conditioning System by
Using Solar Thermal Energy can be used to lower the
energy consumption of an individual of air
conditioning unit there by decreasing the over
consumption of the globe. The system uses a solar
powered heater which is used to pre heat refrigerant
thereby increasing the coefficient of performance of
the overall system. The advantage of the system is
added feature of solar energy which could drastically
cut down the cost of operation.

Keywords—Saving on power consumption, compressor,
Solar thermal energy, C.O.P., Air conditioning system.

I.

INTRODUCTION

India due to its locational advantage in the equatorial sunbelt is blessed to receive plentiful of solar energy which
in future will play a major role when it comes to energy
availability on our planet. India receives sunshine and has
clear sky conditions for approximately 300 days in a year.
Hence, we are ideally located to receive solar energy and
harness the same to supplement our energy demand.
Solar energy is a clean energy and can be utilized to
operate our household appliances including the air
conditioners.
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Air conditioning system is working with the principle of
vapor compression system. The efficiency of the
airconditioning is measured with the term Coefficient of
Performance. To improve the Coefficient of Performance
of the vapor compression system, a solar assisted air
conditioning unit is studied. In this system the refrigerant
is heated after the compressor unit, using an evacuated
tube collector with a hot water storage tank. Due to this
effectmore amount of heat will be released at the
condenser for the same work input. This rejected heat is
used to increase the heat added to theconditioned
spacewithout affecting the work input of the cycle.
II.

NEED OF USE

In the last couple of decades considerable work has been
done in using the solar energy for cooling of buildings
and also in water and room heating. In-spite of
tremendous work carried out in this direction, practical
use due to the problems related with storing of the
energy, use at night and cost effectiveness, is limited and
major breakthrough is still awaited. Various researchers
have come out with some practical solution which utilizes
some supplementary source of energy in conjunction with
solar energy for refrigeration and air conditioning
purposes. The major difficulty experienced is in making
cost effective and efficient hybrid solar air conditioners,
which is capable of harnessing solar energy thorough
solar collectors, store it and then power the air
conditioner for its use when mostly required well as the
product obtained should be of high quality.

III.

DESIGN CALCULATION

Technical Dimensions of Evacuated Tube Collector:
Number of tubes = 2
Diameter of ETC tube = 40mm
Length of the tube = 1500mm
Technical Dimensions of Hot Water Storage Tank:
Length (l) = 0.45 m
Breadth (b) = 0.30 m
Height (h) = 0.33.5 m
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Volume of the Water Storage tank
= l *b*h
= 0.45*0.30*0.335= 0.045225m3
= 45.22 L
Analysis of Condenser:
the total heat rejected in the condenser; Qc is given by:

Qc= m(h2-h4)=mextCp,ext(Text,o-Text,i)

Where
m = mass flow rate of refrigerant
h2,h2 = inlet and exit enthalpies of refrigerant
respectively
mext = mass flow rate of the external fluid
Cp,exit =average specific heat of the external fluid, and
Texit,iand Text,o= inlet and exit temperatures of the external
fluid
The required condenser area is then given by :

Qc=U.A.ΔTm

Where
U = overall heat transfer coefficient
A = heat transfer area of the condenser, and
ΔTm = mean temperature difference between refrigerant
and external fluid
If we assume condensation throughout the length of the
condenser and also assume the pressure drop to be
negligible, then the mean temperature difference is given
by the Log Mean Temperature Difference (LMTD):

experimentalinvestigation. The pressure and temperature
gauge are usedto measure the pressure and temperature at
various salientpoints. The pressure and temperature at
various salientpoints are used to found out the enthalpy at
different pointsby using the R-22 psychrometric chart.
[C] Vaibhav Jain et al. In this paper, an extensive
thermodynamic analysis of R134a, R410A, R407C and
M20 incomparison to R22 have been presented. From the
comparison of performance parameters, it can
beconcluded that R407C is a potential HFC refrigerant
replacement for new and existing systemspresentlyusing
R22 with minimum investment and efforts.
[D] Mohammad O. Hamdan et al. In this paper results
show that the COP of the vapor compressionrefrigeration
cycle is always higher than the absorptionrefrigeration
cycle. The required surface area for a photovoltaicvapor
compression refrigeration system is in general less
thanthe one needed for solar thermal absorption
refrigerationsystem. Hence, less land is needed which
could dramaticallyreduce initial capital cost. For the solar
thermal absorptionrefrigeration system, the covered area
depends on theefficiency of the solar collector and the
maximum temperaturethat can be reached by the solar
collector. The absorptionrefrigeration system can become
more attractive to HVAC fieldengineers if this system
starts utilizing concentratedsolarcollectors which allows
higher solar collector outlettemperature.
V.

To Calculate the COP of the solar assisted system

IV.

LITERATURE REVIEW

[A] Zin Thu Aung et al. If the solar air conditioning is
compared the fixed speedconventional system, variable
speed inverter system, and multistage fixed speed at full
load, the efficiency of solar airconditioning system is up
to 40% on all of them. Because ofload requirement is
increased (full load), when the ambienttemperature is
high. Therefore, energy consumption of thecompressor
will be increased for conventional fixed speed,inverter,
and multi stage systems. That is; the hotter it gets, the
less efficient the system becomes.
Solar air conditioning system substantially reduces
energy
consumption of compressor by utilizing solar thermal and
waste energy at full load. That is; the hotter it gets, the
moreefficient the system becomes.
[B]
F. Justin Dhiraviam et al. The window air
conditioner performance can be improvedby adding heat
to the desired effect for the same work input. This can be
done through solar assisted heating system.
TheCoefficient of performance of the winter air
conditioningsystem is found out by conducting the

OBJECTIVES

The objective is to describe a high coefficient of
performance (COP) vapour compression air conditioning
system by using solar thermal energy. The solar air
conditioning system uses both mains electrical power and
solar thermal energy to help maintain the refrigeration
process which in turn reduces the amount of electrical
energy required to run the compressor.
When replacing an existing HVAC/R system, the solar
thermal components can just be re-piped into the new
system with minor adjustments. As there is no moving
parts and small footprint Reduction in overall HVAC/R
energy consumption of 30-65%, even when including
evenings and winter seasons.
Peak demand reduction – The hotter the sun, the more
efficient the system becomes. The highest efficiencies are
achieved during peak hours, when demand savings may
be available.

VI.

PROPOSED WORK

The air conditioning system operates under the same
principles as a conventional air conditioning system.
The difference between the air conditioning system and
a conventional system is how the vapour is changed
back into a liquid state in the refrigeration cycle.
Conventional system uses a compressor to increase the
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pressure and temperature of the refrigerant (R410A)
when it’s in a vapour state so that when it enters the
condenser coil to reject heat and cooling from ambient
air condenses it into a liquid in the coil. In the solar air
conditioning system, the solar collector is installed after
the compressor in order to reduce the compressor work
to produce the operating temperature for the refrigerant
entering the condenser. Solar collector absorbs solar
energy and rejected heat from condenser to heat the
water from the hot water storage tank. The refrigerant
from the compressor goes through a copper coil inside
the hot water storage tank and undertakes a heat
exchange. Therefore, the refrigerant temperature is
increased to required superheated temperature to reject
heat from the condenser. In this condition, there is a
increasing temperature difference between condensing
and ambient temperature and increasing the kinetic
energy of the gas. Therefore, the heat transfer rate is
effectively increased in the condenser. By using this
method, the compressor can be reduced compression
work to obtain essential operating temperature.

A) DESIGN OF SOLAR THERMAL VAPOUR
COMPRESSION CYCLE
The saturated vapour enters the compressor, where the
increasing pressure causes to raise the refrigerant
temperature. A solar evacuated collector installed after
the compressor uses the sun radiation to heat up the
water. It absorbs solar energy and rejected heat from
condenser to heat the water. An insulated water storage
tank is connected to the vacuum solar collector to
maintain the water temperature. The refrigerant from the
compressor goes through the copper coil heat exchanger
inside the tank and occurs a heat exchange. The hot
water reheats the refrigerant to reach the necessary
superheat temperature in order to reduce the required
electrical energy to run the compressor. The refrigerant
from the hot water storage tank goes through the
condenser to reject heat.
B) THE VARIOUS STEPS INVOLVED IN THE
PROPOSED PROJECT
1.

Fig 1: Schematic Diagram

Fig.2 Pressure -Enthalpy Diagram

VII.

Modification of Airconditioner withSolar evacuated
tube collector and Hot water storage tank.
2. The evacuated glass tube actually consists of two walls
of glass. In between the two walls, all the air is
removed, resulting in a vacuum in the same manner
as a clear.
3. Thermos bottle would function. This vacuum is
thebest insulation one could ask for, and gives the
evacuated tubes a much better heat retention than air
space.
4. Hot water storage tank will be introduced at next to
the compressor.
5. Evacuated tubes have been attached with hot water
storage tank.
6. Evacuated tube collector is used to heat the water
which is stored in the hot water storage tank
7. Hot water mainly utilized for heat the vapour
refrigerant
8. A Copper coil has been introduced between the
compressor outlet and the condenser inlet.
9. The additional amount of heat will be given to the
vapour refrigerant by using evacuated tube collector.
10. This rejected heat is used to increase the heat added
to the conditioned space without affecting the work
input of the cycle.
11. Finally, finding the COP of the air conditioning system.

METHDOLOGY

The Methodology is divided into three parts including
design of a Solar vapour compression cycle ,
identification of various stages and Fabrication.

VIII.
[1] Refrigerant:

COMPONENT
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the air conditioner just for your house or a small office or
a shop, where your usage wouldn’t be as high as in a
industrial or commercial space, then reciprocating air
compressors will be a good option.

[3] Condenser:

Fig.3 Refrigerant
The most environment-friendly refrigerants that are
available in Indian market currently are “R-290” and “R600A”. They are HC or Hydrocarbons, and their chemical
names are “Propane” for R-290 and “Iso-Butane” for R600A. They are completely halogen free, have no ozone
depletion potential and are lowest in terms of global
warming potential. They also have high-energy efficiency
but are highly flammable as they are hydrocarbons. But
they are the greenest refrigerants in the market.
Manufacturers, who use these refrigerants, claim that
they have taken good care in using these refrigerants and
the appliances are absolutely safe. In fact, most
refrigerators in the Indian market are now on R-600A and
there are no reported incidents of any accidents due to the
same. So, we can comfortably believe that they are safe.

Fig. 5 Condenser

Our project consists of air-cooled condenser of forced
convection type where we will be using fan for
circulation of air and plate fins to increases the heat
exchange.
Advantage of Air-cooled condensers is that Air-cooled
condensers are simple in construction since no pipes are
required for air and also the disposal of warm air is not a
problem and it is available in plenty. The fouling of
condenser is small and maintenance cost is very low.
However, volume flow rates required are very large
because the specific heat of air is one fourth of that of
water and density is one thousandth of that of water. Heat
transfer coefficient is also very small because thermal
conductivity is small.

[4] Evacuated Tube Collector:

[2] Compressor:

Fig.6 ETC

Fig.4 Compressor
We have seen that most of the air conditioners is having
reciprocating compressor whereas only some air
conditioners is having rotary compressor, which are quite
popular with the customers and looking to buy air
conditioners for a large space. Going by the typical
choices of consumers and need, if you are looking to cool
a large area for a longer duration then going with a rotary
compressor would be a good idea. Or else, if you need

Due to the lower heat loss rates, lower thermal
conductivity of insulation and access of solar radiation
affected by the shape of the absorber the use of ETCHP is
more favorable.

IX.

ADVANTAGE OF SOLAR THERMAL
VAPOUR COMPRESSION CYCLE

Solar power has the universal potential for providing
energy for homes and businesses. Photovoltaic panels
and solar converters change the radiant energy of the
sun’s rays into usable alternating current that can power
any electrical appliance or system in a home. This is
how a solar air conditioner operates: the PV cells and
the converter send electricity to the air conditioner to
run its components. A battery stores power for periods
when there is no sun power available. For answers to all
your questions regarding solar air conditioning and solar
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installation for your home in Bryson City, NC and
throughout Western North Carolina, call the solar
experts at Premier Indoor Comfort Systems.

[5] A.K. Jairath, Saket Kumar, Gaurav Yadav, “Utilizing Solar Energy
for Room AirconditioningSystem”,Department of Electrical &
ElectronicsAmity School of Technology & Engineering, AUUPNoida,
India, 2015.

Here are some of the major benefits of installing a solar
air conditioning system:

[6] A.K.Jairath,Saket kumarand Gaurav Yadav, ”Solar AirConditioning: Case Study of Solar Absorption versus Photovoltaic
Vapor Compression Systems”, Amity school of Technology&
Engineering Noida ,India

1. Save money-Many customers balk at the upfront
costs of solar panel installation and solar air
conditioners. However, the amount of energy that a
solar AC will save a home over the years can be
tremendous and it rapidly offsets the upfront costs.
Although you will still need to use some electrical
power from the grid when running the AC, your
electrical consumption should drop by 50% or more.
(Remember, the energy of the sun is free.)
2. Easy to maintain-This is something that many
consumers do not realize about solar panel systems. The
panels on the roof do not require extensive maintenance.
As long as it rains a few times during the year (and it
will, of course, in North Carolina), your solar panels
will receive all the washing and cleaning they will ever
need. They may require occasional repairs, but far fewer
than for a standard air conditioner.
3. Help the environment-Solar energy is a renewable
energy source and produces very few greenhouse gas
emissions. It also reduces the demand on electric grids.
X.

CONCLUSION

COP depends on the operating temperature Tk and To
and refrigeration effect for refrigeration and air
conditioning system. Solar air conditioning system would
be used both main electrical power and solar thermal
energy. The main motive of this system is the substitution
of electricity as the premium energy sources for
conventional air conditioning systems by the renewable
solar thermal energy. If a solar air conditioner is the
hotter, it is more efficient.
XI.
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Abstract: Due to the difficulties faced in keeping the
beach clean and managing the waste in a proper way
manually, we have come up with equipment which
not only collects the waste but also segregates it and
indicates the garbage level, which is great for waste
disposal. The machine mainly consists of a collection
mechanism, segregation and monitoring unit. The waste
is collected through conveyor belt having blades
mounted on it. While collecting the waste some sands are
also being collected which falls of through the
perforations on the conveyor back to the sand bed;
separation of waste material takes place through
principle of Density difference. It consists of a main
hopper where all types of waste are collected and then
some subsequent hoppers where waste is segregated
depending upon the type of waste. Along with collection
segregation as well as monitoring of waste is also done.

workers where this machine can come for rescue so they
don’t have to worry about collecting the waste physically.

I.

INTRODUCTION :

Beaches are main attraction for the tourists, so to attract them
the beach must be kept clean. Also these waste on beaches
adversely affect the aquatic life. So in order to keep our
beaches clean some cleaning machine must be used so we
have manufactured a cleaning machine which can not only
collect the waste but also segregate and monitor the waste.
As different waste have different recycling process, so it is
necessary to segregate them and monitoring(garbage level
indicator) will tell us about the amount of garbage present in
the container for proper monitoring.
The collection machine generally consists of a motor
which drives conveyor. The rake or sifter attached to the
conveyor will collect the wastages from the surroundings and
transfer it to the hopper(storage container)through conveyor
belt. The segregation mechanism will consist of a horizontal
conveyor where with the help of various sensors and servo
mechanism the segregation will be done. And finally for
monitoring purpose placing a weight or height sensor to
determine the garbage level.
Since everything is now almost automated so nobody would
like to do any work physically so for this purpose we have
come up with an idea of creating a “smart waste
management system” which will not only collect the waste
but will also segregate and monitor it. For that we are using
system by which beach cleaner can do his work smartly
using communication through application. Smart Cleaning
System proposed to overcome the real time problems. The
wastes produced from the industries are very harmful to
human beings and to the environment. Collecting these waste
physically can cause severe health related issues to the

1.1 Background
This smart waste management system consists of
collector, segregator and monitoring unit. The collection
machine is a motor driven machine capable of collecting
wastes through the rakes or sifters and passing them into the
hopper via the conveyor mechanism. The machine can be
pulled by vehicles quad bike or even tractor.Collection is not
the end of our problem but segregating them is also a major
challenge since different waste have different recycling
process and their rate of decomposition is also different.
1.2 Type of beach cleaning machine
1. Manual Method
2. Automatic Method
a) Raking technology
b) Sifting technology
a. Raking technology: - can be used on dry or wet sand.
In this method, a rotating conveyor belt containing hundreds
of tiny combs fixed transversely onto the conveyor which is
used to collect waste through the sand leaving the sand on
the beach. Rake can remove materials ranging in size from
small pebbles, glass to larger debris, like seaweed and
driftwood. By keeping the sand on the beach and only lifting
the debris, raking machines can travel at high speeds.

b. Sifting technology :-It is used on dry sand and soft
surfaces. The sand and waste are collected via the pickup
blade of the vehicle onto a vibrating screening belt, which
leaves the sand behind. The waste is gathered in a collecting
tray which is often situated at the back of the vehicle.
Because sand and waste are lifted onto the screening belt,
sifters must allow time for the sand to sift through the screen
and back onto the beach. The size of the materials removed
is governed by the size of the holes in the sifter.
II. PROBLEM STATEMENT:
To minimize the accumulation of waste along the water
bodies which will hamper the tourism and also affect the
aquatic life. The problem is just partially solved by collection
so segregating different types of waste and also constant
monitoring should be done.
III. SCOPE:
The objective of this work is to create an automatic smart
waste management system which will reduce human efforts
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and also better management of waste can be done without
even bothering to use our hand. The mechanism can also be
remote controlled by incorporating RF( Radio frequency)
module in our project.

AUTOMATIC WASTE SEGREGATION [4]

IV. LITERATURE REVIEW:
WASTE COLLECTION [1]
This system helps to clean the beaches by collecting the
waste present so it enhances tourism and also saves many
aquatic lives. This system does not need more human efforts
for waste collection which will reduce any harmful disease
because direct contact of the labor with the waste is avoided
here. Also this machine is automatic so working time is less
as compared to manually collecting them. Here there is no
direct contact of the worker with the waste so the worker’s
health will be good and he’ll be able to work for a longer
duration.
DESIGN AND CONSTRUCTION OF BEACH
CLEANING TRAILER BY FINITE ELEMENT
METHOD [2]
The design of a beach cleaning trailer is presented. The
basic design principle of a foreign beach cleaning machine
was taken into consideration. Apart from the tire and
hydraulic hoses, all components of the beach cleaning trailer
were made from steel. This study focuses on stress analysis
in the ball bearing housing by the finite element method.
Actual tests have been carried out in fields. This study aims
to report the performance of the beach cleaning trailer.
Stresses in the ball bearing housing are calculated by FEM.
A stress analysis made using the forces acting on
the ball bearing housing showed the maximum Von
Mises stress of the ball bearing housing to be 63.0 MPa. The
safety factor was 3.94. It showed that it was very durable to
use. For the future work, economic analysis should be
performed to develop and design a fully mechanized beach
cleaning machine. The designed and developed beach
cleaning trailer was quite appropriated to be used due to
utilizing of local materials, with reel of blade enhancement
COLLECTION
POWER[3]

OF

WASTE

continues and the debris goes to the trash box fitted at the
back side of the machine. If a certain amount of wastage is
collected the trash box can be taken out of the machine,
disposed and kept back.

USING

SOLAR

The design of garbage collector prototype was designed
and the design was analysed theoretically and then
fabricated. By introducing the solar power the cost of power
production has become zero, and since it is solar,
maintenance cost is also reduced.
When the machine is switched on, the power from the
battery reaches the motor. There are two motors kept on this
machine. One motor is used for rotating the wheels while the
other motor is used for the rotation of conveyor. When the
motors receive power, the motor assigned to the wheels starts
its work by moving the wheels forward. At the same time,
the motor assigned for conveyor does its work by rotating the
conveyor to the direction opposite to wheels. By this motion,
the sand in the ground starts to get into the machine by the
slope present in the front of the machine. Sand from the
slope now goes to the conveyor in which the strips are fixed
(used for the support of sand in the conveyor). Due to the
strips, the sand will remain in its position. The conveyor is
designed as a net-shaped for easy filtration of sand. Due to
the size of the sand, it will get filtered and the debris in the
sand will be left at the top of the conveyor. The motion

In communities where appropriate sites are available,
sanitary landfills usually provide the most economical option
for disposal of solid waste. However, it is becoming
increasingly difficult to find sites that offer adequate
capacity, accessibility and environmental conditions. The
amount of waste, which is been recycled or reused, stands for
the reduction of waste to be managed by the authority.
Proper management of waste plays a vital role to control
global warming [1]. Automatic Sorter Machine for Smart
Waste Management System is an excellent example of
proper waste management. It will also ensure effective
recycling system. Hence, the improvement of waste sorter
will ensure economic and ecological development. The
system activates when the IR detects some sorts of material
is being put on the system tray. Then at first the weight
sensor activates and find out the weight of the trash, then the
metal sensor and glass sensor starts their actions. If metal
sensor detects the material as metal, then a servo motor will
put that trash in the bin 3 (which is dedicated for metals). If
the glass sensor detects glass then it will perform same action
and put the trash in bin 4. If both sensors fail to detect then
the LASER and LDR activates. If the LASER passes through
the trash then it is decided as a transparent and moves to bin
2. If the LASER fails to pass then the material is decided as
Paper and move to bin 1.
REAL-TIME
WASTE
MONITORING
INTERNET OF THINGS [5]

USING

In today’s manufacturing context, waste generation is
hardly avoided. This is true for SMEs who are lack of
resources and infrastructure to come out with an effective
and efficient waste management solution. Leverage on IoT,
this paper conducted real-time waste monitoring and
benchmarking analysis to discover waste reduction potential
in manufacturing shop floor. IoT allows real-time waste data
and efficiency update. Using DEA to study the relative
efficiency and quartile as the data classification method, the
analysis turns data into the knowledge of waste status.
Moreover, with the efficiency values of best performing
DMUs, it is able to determine waste reduction potential. The
data trend and decision taken from time to time allow a
feedback loop with design and manufacturing team for
product or manufacturing process improvement. A case
study of waste generated from plastic injection moulding
machine is used to illustrate the objective of this study.
Although the amount of potential waste reduction is small,
benchmarking analysis is useful to identify the unusual waste
generation status in a machine. The unusual waste generation
problem will be likely propagating to the following operation
hour. Thereby, waste benchmarking in real-time is important
to prevent more waste generates in the subsequent operation
hour. Besides, similar concept can be applied to all the
machines in production shop floor.
The work of this paper is one part of waste management
system, thereby further research is necessary to make a
complete solution. In order to transform the knowledge of
waste status into action for improvement, root cause analysis
is required to identify the faults or problems.
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Overall, with Internet connectivity and IT tool, a system
view and integration of solution with the infrastructure
enable waste management a success.
WASTE
SEGREGATION
INITIATIVE [6]

AND

RECYCLING

The benefits of waste management are manifold and have
created positive outcomes. This waste segregation project
reduced the amount of clinical waste in the OR department;
the recycling program, instituted later, reduced total OR
waste by half. The cost savings alone is a great impetus for
sustaining the waste management program.
The positive outcomes derived from this initiative have
encouraged an ongoing expedition toward waste
management and resource allocation. The potential benefits
are significant. This project demonstrates the importance of
multidisciplinary collaboration throughout the development
and implementation of quality initiatives. Clinicians have the
power and capacity to reduce waste in the health care system

On the very outset of the review paper we would like to
extend our sincere and heart full thanks to Prof. R.S.
DESHMUKH, of Mechanical Engineering Department Of
Thakur college of Engineering and Technology, Mumbai.
Without his active Guidance, help, cooperation and
encouragement we would not have made headway in this
paper.
VIII. CONCLUSION:

In this project we made a smart waste management
system which is not just capable of collecting waste but can
also segregate and monitor it. Human labour is reduced.
Threat to human as well as aquatic life is reduced as well.
Also tourism will not get affected anymore. The collecting
mechanism is also automated using RF module and constant
monitoring

V. Working Principal
The overall working is divided into three parts:

1) Waste collection:
Collection of waste by different methods such as raking,
sifting, etc. Waste can be collected with the help of any of
the above methods and is transferred to the hopper assisted
by the conveyor which is run by a dc motor powered by
battery.
2) Waste segregation:

After the waste is collected it is passes through a
horizontal conveyor mechanism which sorts the waste as per
their category(Metal, glass, paper, plastic).Here servo
mechanism is used along with different sensors.

waste using Arduino and microcontroller(garbage level
indicator).
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3) Waste monitoring:

Continuous monitoring of waste is also necessary for the
proper management of waste. So waste monitoring system
also known as garbage level indicator is incorporated where
the level of garbage in the bin is sent as a signal to the
receivers end with the help of Arduino and micro-controller.
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Abstract: This paper presents “Voice controlled
drone/quad-copter” using interface that allows
hands-free usage of device using speech, which is
an algorithm that makes the machine recognize
the voice spoken by humans. Research on speech
recognition had been started since the 1930s, but
the development began in 1960s. The control
system responds to the voice input by voice
recognition system and corresponding algorithms
make motors to run at specific speeds which
controls the direction of the quad-copter .This
drone/quad-copter is based on Arduino board. We
know drones/quadcopter are good toys and tools
of utility, but usually they do not have any extra
features. So, we wanted to make a drone that's a
little bit smarter and easy to use than the usually
available models that's why we developing this
voice controlled drone.
Keywords—Quadcopter,Voice/Speechrecognition,Arduino
I. INTRODUCTION
The drones are good toys and tools for
utility, but usually they do not have any extra
skills/features. Just as we like to fly any Remote Control
model and we wanted to make a drone that is a little bit
smarter than the available models. Voice Control
technique/feature lets the user control the entire device
with spoken commands, using natural language.
The Quad-copter is an type of
Unmanned Aerial Vehicle which is propelled by four
rotors [4]. A quad-copter has four motors/propellers
to create thrust to give the total lift to our device. Two
motors rotate in anti-clockwise direction and the other
[2] Commercial Drone Technology: It has begun to
see some acceptance and major investment from
industrial and IT related factories/companies.
Personal drone Technology: Made for civilian use.
II. METHODOLOGY
A-Major components used
1. The processor
A processor allows us to determine the conditions in
which the motors accelerate or not. Apart from that, we
need it to get the response of the gyro and interpret it; we
need to get the signal received by the transceiver and
eventually tell the transceiver to send information about
the quadcopter status to the controller [3].

two motors rotate in clockwise direction, this
configuration causes the torque from each motor to
cancel by the corresponding motor rotating in the
opposite direction [4]. The main goal of this project is
then finding a good speech recognition basis that is,
Application Programming Interface (API) in order to
create an appropriate vocabulary and program a
speech-based controller for the quadcopter. We can
always add capabilities to machines in order to make
them smarter and more helpful to humans.
OBJECTIVES
• The idea is to build and test an affordable quadcopter which has to integrate a speech recognition
engine working in real time, in noisy acoustic
conditions.
• To make flying drone available for handicap
individuals.
• Increase affordability.
• To integrate a speech recognition engine working
in real time.
• Improve availability.
• Improve Reliability.
Advanced research can lead to improvement in:[1] Military Drone Technology: Usage of drones has
become the primary use in today's world in military.
They are used as target decoys, for combat missions,
research/development, and for supervision of areas of
high risk, drones have become of undeniable
importance in the military forces all round the world.

We need a board in which we
can plug all the components and write a program to
control everything, this is why in this project we use an
Arduino UNO board [3].
An Arduino board contains a
microcontroller and provides a set of digital and analog
input/output pins that can interface to various expansion
boards and other circuits. Those boards include several
communication interfaces for loading programs that are
programmed using the Arduino based on a programming
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language named Processing, which also supports the
languages C and C++ [3].

2. The Frame
- We are talking about an f450 frame. This means that we
are using a 22 cm long legged structure which conditions
the rest of components of the quadcopter.
- It has to be light and robust as the quadcopter may
eventually fall.
- We have to be sure we get all the screws to fix the
motors as not all the motor packs come with them.
- In our case, the frame has an internal circuit to feed the
components. This means that we can solder the battery
terminals to the board of the frame and also the terminals
of each Electronic Speed Controller (Esc) [3].

4 .The Gyro
The gyro is the device that allows us to control the
stability of the quadcopter. We are using a 3-axis gyro,
which means that it takes the response of the quadcopter
on the x,y and z axis.
The idea here is to get the actual angular speed of the
drone in all three axis and send an order to correct the
inclination of the quadcopter if needed [3].
5. Transmitter
We can use 4 channel or 6 channel transmitter.
B- Circuit Design
1. Connections

3. Motors, Propellers and ESC’s
An important fact to take into account: what about the
sense of rotation of each motor? Let us think about all the
possible movements of the quadcopter:
- The quadcopter has to be able to go up and down. This
can be performed by a “simple”
increase or decrease
of power of all the motors.
- The quadcopter has to be able to go forward and
backwards. This can be performed by an increase of
power of the rear motors with respect to the front ones to
go forward, and the other way around to go backwards
- The quadcopter must be able to go side to side. This is
the same principle used in forward/backwards movement
but using side motors [3]

2. Voice module working
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M=T/g

III. CONCLUSION






The core intent of the project is to control the
quad-copter entirely by Human Voice/speech
input.
We can say that speech recognition is a very
helpful tool but it has major issues that must be
taken into account.
Not every API can be used in any scenario; this
means that we have to know perfectly which are
our needs and our capabilities. In addition,
training is very important so it has to be done
correctly.[3]
For future work, it would be interesting to
improve system training in order to have better
results.
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Abstract - Cryogenics is a scientific research that deals with
extremely low temperatures Cryogenic storage vessels are used
to store cryogens such as liquid nitrogen, liquid oxygen or
liquid argon under the conditions required. In this paper, the
materials used in the vessel are being addressed and analysed.
There is a discussion of the various types of insulation systems.
It addresses the construction of a large transportable vacuum
insulated vessel and conducts stress and thermal analysis on it.
Keywords—Cryogenics, Inner and Outer vessels, liquid
nitrogen, Principal stresses, Von misses Stress

I. INTRODUCTION
A. Overview
„Cryogenics‟ the term defined as the study of production
and materials at a very low temperature ranging from -150℃
(123K) to as low as absolute zero. Cryogenic vessels
generally have double walled cylindrical tanks with inner
tank made up of stainless steel and outer of carbon steel
sections painted with anti-corrosion primer and filled with an
insulating material. The vessel is then evacuated to a high
vacuum to achieve minimum evaporation losses.
Considering the wide application and dangers associated
with the cryogens, the need of storage of such liquids
become prominent. In this paper, the cryogenic vessel will
not only be sustainable but can be transported from one place
to another, by truck equipped with hook-lift mechanism.
Usually, the cryogenic vessel is used to store liquids like
liquid oxygen (LOX), liquid nitrogen (LN, LIN), liquid
argon (LAR), and liquid carbon dioxide (CO2).
The project is aimed to study different materials and
composites for the components of the vessel to make sure
there is no leakage and minimal heat transfer is achieved.
The different kind insulation systems in the cryogenic vessel
is analysed. Stress and thermal analysis are being performed
on the design. Manufacturing of these vessels requires
special technical and sophisticated fabrication techniques.
B. Vessel Components
The Cryogenic vessel may contain multiple layers of the
desired material which shall be further selected, apart from
the material of the layers of the vessel, it contains various
types of gauges and valves. The main component which shall

solve the aim is the insulation material which shall ensure
that there is minimum or zero heat transfer between the inner
content of the vessel and the atmosphere for maximum
efficiency.
i)

Inner Vessel: It is also known as product container.
It is used to store the cryogenic fluid. The inner
vessel must be constructed of materials compatible
with cryogenic liquids. Therefore, stainless steel,
aluminium alloys are preferred. The inner vessel
should be a material which can take on sub cooled
temperatures and any minor crack propagation
should not occur.

ii) Outer Vessel: It is also called as vacuum jacket. It
holds the vacuum which is essential for the
effectiveness of insulation & also acts as a wall
which curtails the heat transfer with outside
environment. For outer vessel, we can use carbon
steel or copper alloys. The outer vessel should be
made up of a thick durable material, ready to
withstand any shocks which arise in case of drops or
transportation. The outer vessel material should
never deform, as it can damage the internal
insulation system and leakages can occur due to
which multi-layer insulation or vacuum can get
damaged.
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foam, whose heat conductivity is 0.028 W/m·K., The most
widely used insulation system is vacuum insulation. Since
vacuum has almost no heat conductivity the efficiency of
the system is very high . This is why a vacuum insulated
system is selected.

iii) Surge plates:
There are some thin plates inside the inner portion of
the inner vessel that are known as surge plates. They
reduces the effect moving waves of cryogenic liquid
while the movement of the truck which eventually
decreases heat interaction between the liquid and
walls of inner vessel increasing the efficiency. The
outline of the surge plates matches the shape of the
vessel, but terminates at the top and bottom of the
horizontal edges.

iv) Insulation System:
The space between the inner and outer vessel is for the
insulation. The efficaciousness of the cryogenic vessel
depends on this system and hence it is very important
parameter that should be considered in the design of the
cryogenic storage vessels. The main and the most effective
insulation system is vacuum insulation. The air between the
gap of the vessel is sucked out with the help of air separation
unit and the vacuum is achieved. Though being the most
effective insulation system, it can‟t be commercialised as it is
very expensive. Nevertheless, for small scale and for local
use, there are few other systems which are cheaper and can
be effective if properly inculcated. Few of them are
mentioned below,
ⅰ) Multilayer insulation system
ⅱ) Powder insulators
ⅲ) Using inert gases
ⅳ) Fabric Materials
There are two types of insulation methods for
cryogenic vessels: (A)Non-vacuum insulation (B)vacuum
insulation. (A)Non-vacuum insulation uses unique materials
which has a very low value of heat conductivity. A good
example of such a material is the insulation polyurethane

(B) Vacuum insulation method consists of creating a
vacuum between the two surfaces which are at different
temperatures. Also, special materials can be added within the
space between the two vessels to obtain lower heat
conductivity and to also get a load carrying capacity that
separates the vessels. There are two different methods
depending on the added material. The first method is denoted
multi-layer insulation (MLI) , and is also known as super
insulation (SI). The second method is the expanded perlite
insulation.
Multi-layer insulation consists of creating many radiation
shields (normally aluminium foil) stacked in parallel as close
together as possible without having actual contact. It
typically contains about 60 layers per inch. MLI structures
are anisotropic by nature, which makes it difficult to analyse
them. It is also very sensitive to mechanical compression and
edge effects, so careful attention to detail during all phases of
its installation is mechanically required. Heat conductivity is
not as good in practice as it is in theory. Their always will be
heat interaction between vessel and atmosphere.
In MLI, each layer is isolated from the other by spacer
material such as polyester, polyamide or Mylar. Aluminium
foil is carefully wrapped around the container in such a way
that the entire surface of the inner vessel is covered. Spacer
material is placed between the layers to completely prevent
the separate coverings of foil from making contact. If they
are in contact, a thermal short circuit would occur and will
result in increase the heat transfer. The layers can be applied
manually as blankets. These are hand cut to fit and are
wrapped over the vessel and vessel ends. Tape of low outgassing properties is then used to hold the blanket layers in
place.
Multi-layer insulation can only be used if the vacuum
pressure is below 1 mTorr, which is approximately 1 mbar.
To obtain this vacuum, pumping for a long time is generally
required along with heating and purging cycles. Chemical
gettering materials are required to absorb the out-gassed
molecules to maintain the vacuum over extended periods.
On the other hand, perlite insulation that is suitable for
vacuumed cryogenic vessels has a low thermal conductivity
throughout a wide range of temperatures, pressures, and
densities [8]. The working pressure for perlite is about 10
mTorr, which is approximately 10 mbar. Perlite is relatively
low in cost, high availability, easy to handle and install and
does not shrink, swell, warp or slump in comparison to other
added materials. It is also non-combustible.
Perlite must be dry. During operating service, the normal
moisture limit is 0.1 weight percent relative to the mass
itself and this normal moisture limit greatly increases the
pump-down time necessary to achieve the required vacuum.
As a result, perlite must be fresh and packaged in moistureproof bags or in a sealed tank.
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There is a need for a vacuum insulation device that meets
constraint to be kept in order, the main objective of which is
unique mechanical specifications. Usually, MLI is
that the vessel should also be accepted by industry. It is
particularly susceptible to mechanical compression and edge
required to design an optimized end product that is easily
effects. Since the vessel is loaded from a truck and unloaded,
portable.
by using MLI, it is exposed to movements that will cause
vital stresses on the unit. The multi-layer isolation system III. INFORMATION ON VESSEL
could be affected by these stresses, breaking its internal
bonds between layers, which could decrease its insulation
3.1 Structure of Cryogenic Vessel
properties. For this reason, and also because of the high
vacuum efficiency that MLI demands, this method of
The cryogenic storage vessel is designed to have two
insulation is rejected for the vessel being constructed.
distinct shells, one is referred to as the inner shell or product
Perlite insulation is, therefore, the best insulation solution
container and the other is referred to as the outer shell and is
for this project.
often referred to as the vacuum jacket. The air between the
holes is sucked out with the aid of the air separation unit and
it is vacuumed for better insulation. In some cases, various
types of powders and gases are used for insulation, and the
B. Vessel gauges and valves
form of insulation is always independent of storage type and
environmental conditions.
The cryogenic vessel must be tracked and stabilized by
various gauges and valves and these gauges have a precise
measurement capacity, otherwise the slightest change in
pressure variations will lead to trouble. Different parameters
of the vessel are also tracked continuously. Evaporator,
liquid container gauge, vacuum bursting disk, vent valve,
pressure building valve, pressure building coil, pressure
relief valve, pressure gauge, inner container bursting disk,
liquid fill and withdrawal valve, economiser regulator, vent
valve are the various gauges and valves used in the
cryogenic vessel.
.
All these gauges and valves have the capability to work
even at the higher pressure environments without any
malfunction.
All these components are carefully monitored and regulated
by computers. These computers are pre-programmed to take
necessary counter measures to avoid any accidents. The
components and computers are powered by a local battery
unit.
The pressure gauge and the pressure relief valve are the
critical components in the cryogenic storage vessel, since the
pressure in the storage vessel should always have to be
maintained at the necessary pressure level and if it is not
maintained, the storage vessel can lead to leakage-causing
failure.
II. PROBLEM DEFINATION
The main objective of designing the Cryogenic Vessel is
to design such a vessel that can maintain extremely low
temperatures. Inside the Cryogenic vessel, the extremely
low temperature can generate minor crack propagation,
further resulting in leakage failure in this crack propagation.
The leakage can also be caused at the inlet/outlet due to the
valve failure, so the best materials are to be used
everywhere to ensure that no such failure takes place.
When filling up or emptying the cryogenic vessel, the
possibility of asphyxiation due to air displacement is also
quite possible.
Due to the presence of hydrogen, oxygen or methane,
there is always an inevitable fire hazard when working with
them. The size and weight of the cryogenic vessel is another

In large-capacity cryogenic tanks, multilayer insulation,
powder isolators and fabric materials are used as insulators.
An insulation material used to separate vapor or air
and other gases found in the atmosphere from cryogenic
fluids. The efficacy of the storage vessel depends on the
insulation, so the parameters that should be taken into
account in the design of the cryogenic storage vessels are
very significant.
And these two shells (tanks) are joined by a support block,
these support blocks serve as stiffeners and help to maintain
the vessel's structural stability by absorbing the stresses and
holding the shell of the product secure.The storage vessel
must be specially built in order to reduce heat transfer and
withstand very low temperatures. Liquid oxygen, liquid
nitrogen and liquid argon storage vessels are available
commercially in different capacities. Depending on the site
and usage requirements, the storage vessels can be vertical,
circular, or horizontal.
3.2 Cryogenic materials
Austenitic steels, stainless steels, double standardised and
tempered fine grain nickel, steels, copper and aluminium are
excellent materials that can withstand cryogenic
temperatures.
Stainless steels
Austenitic stainless steels are suitable for cryogenic
applications because, even at -269 ° C, they remain tough
and ductile.
9% Nickel steels
9% of nickel steels are commonly known as ferrite steel, but
this is austenitic ferrite and magnetite. The presence of
austenitic has given excellent strength and resistance to
brittle fracture.
The decline in ductility with a decrease in temperature
below zero is very gradual and is
above 25 Ft lbs (346 or 4.4 kg/cm2) at -200 °C because of
chirpy v notch values. It has been commonly used in
cryogenic equipment for storing and transporting liquefied
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gases such as nitrogen, me-thane and ethylene in the event
of manufacturing proven protection and favorable cost.

It sends the filtered air through the cold box.
This cold box is composed primarily of the following :

Extensive destruction experiments on tanks filled with
liquid nitrogen have shown that quenching and
tempering have not been beneficial and that treatment after
welding has not been beneficial.

1) Heat exchangers
2) Exchange turbines
3) Inlet and outlet manifolds
4) A column composed of aluminium trays.

3.3 Air Separation Unit
The environment drains the oxygen out of it.In a fivestage compressor with an intercooler, the sucked air is
compressed. Oil, humidity and carbon dioxide
make up the compressed air. These impurities are
liquefication obstructions because at lower temperatures
carbon dioxide and moisture forms ice, which is barrier for
flowing fluids. But you have to extract these impurities.
The compressed air passes through a filter that separates
the compressed air from the oil. The compressed air which
is free of oil is now pushed into a refrigerating device that
cools the compressed air. It gathers these droplets
in a separate vessel. A vessel consisting of molecular sieves
that absorbs carbon dioxide present in the com-pressed air is
now passing through the air.

The compressed air is passed through a heat exchanger,
which decreases the air temperature by around -140 °C. The
cooling of air is allowed by passing the cold non
condensable gases and gaseous nitrogen. The cold air in
which the compressed air is expanded is pushed through the
expansion turbine. The temperature is reduced to about
-180 °C because of this expansion. The air is liquefied at
this low temperature. The liquid air is then passed into a
column consisting of top to bottom aluminium trays.
The evaporation of nitrogen and other gases takes place
during this flood, and only oxygen is collected in the lower
reservoirs. The liquid nitrogen at the top of the column is
created. Because of this, it is possible to liquefy
gaseous nitrogen by giving the liquid oxygen heat energy.
The liquid oxygen has evaporated here. In the column, this
liquid nitrogen is generated and pumped into the cold
converter. Using this heat exchanger, which cools the
incoming compressed air, the condensable gaseous nitrogen
is transmitted, thereby generating and collecting liquid
nitrogen and oxygen in the cold converter
Argon has an air content of 0.93 percent and has a boiling
point between oxygen and nitrogen presented in both liquid
nitrogen and liquid oxygen as impurity. The percentage of
argon should be reduced in order to produce pure liquid
nitrogen. Using the other column, which separates argon,
will decrease this.
IV. LITERATURE SURVEY
The different properties like temperature, pressure of
cryogens are obtained from [1]. The properties of various
materials, alloys, composites for components of cryogenic
vessel are from [2]. Truck specifications and design of hook
lift mechanism can be obtained from [3] and [4]
respectively. The heat transfer between different surfaces
and stress and thermal analysis are obtained from [5] and [6]
respectively.
V. METHODOLOGY
Flow of our project: a) Research on Cryogenic Vessel
b) Design and analysis
c) Manufacturing
Research Phase: The study of various materials and
the choice of materials for cryogenic vessels. Analysis of
traditional and experimental systems of insulation..

This dry air is now passed through the post filter, which
extracts additional impurities. The filtered air is passed
through the post filter and any more impurities are removed.

Design Phase: Design of the cryogenic vessel using CAD,
Solidworks like software.
Analysis Phase: Stress and thermal analysis using Ansys,
Catia like software.

Manufacturing phase: Once the material for our inner and
outer vessels we can start with the manufacturing.
VI. CALCULATIONS
The following are required properties for liquid nitrogen
storage applications:
•Tensile and shear moduli
•Thermal conductivity
•Surface emissivity
•Vacuum characteristics
•Low thermal contraction co-efficient
•Method of fabrication
•Hot and cold tensile and yield strengths
•Availability in standard shape and size
•Economical
The materials which can be used to build the vessel are:
A) Carbon steel (for outer shell only)
B Low alloy steel and different grades
C) Stainless steel and different grades
D) Aluminum and different grades
E) Copper and different grades
F) Nickel alloys (annealed)

A) Inner vessel design: According to the ASME Code,
Section VIII, the minimum thickness of the inner shell for a
cylindrical vessel should be determined from
ti=pDii/(2*Sa*Ew – 1.2p)
(1)

V. RESULTS
As a team for this project, our aim is to research various
materials that can be used to manufacture the inner, outer
vessels of the cryogenic storage vessel and create an optimal
design of a large-scale model that can be transported by a
hook-lift mechanism fitted truck. We can accomplish this
with the use of software such as CAD, Solidworks, Ansys
and hope to reproduce this to create a small model for the
above-mentioned concept.
VI. CONCLUSIONS
The potential scope and research for this project is to
develop a cheaper but more efficient insulation system used
in the vessel (as the systems currently available are very
expensive) and to make the transfer of heat as minimal as
possible by insulating various alloys and composites.We
intend to investigate the feasibility of the above statements
and create an optimized design.
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Where,
ti = minimum thickness of inner vessel
p = design internal pressure
Dii = inside diameter of inner shell
Sa = allowable stress
ew = weld efficiency
B) Outer vessel design: The outer vessel would withstand
only the ambient pressure acting on it, so that due to undue
stress it would not collapse, but from the point of view of
elastic instability it would fail (collapsing or buckling).For
insulation, the outer vessel
functions as a vapor barrier. The critical pressure according
to the ASME section VIII is given as following
pc
=
4
x
pa
(2)
pa = atmospheric pressure, kpa
The collapsing or critical pressure for a long cylinder
exposed to external pressure is given by,
Pc=
(3)
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Where,
E = Young‟s modulus of shell material
to = minimum thickness of outer Shell
DOo= outside diameter of outer shell
µ = poisson‟s ratio for shell material

2E(to/DOo)^3/(1-µ^2)
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Abstract— Due to increasing pollution, global warming
and various environmental problems, the 21 st century
people are moving toward hybrid and electric vehicles.
Electric vehicle is the combination two or more field of
engineering such as mechanical, electrical and electronic
engineering. Electric Vehicles powered by an Electric
Motor which draws current from a rechargeable battery
is termed as Electric Vehicle. Electric vehicle replaces IC
engine vehicle in such a way that engines are replaced by
electric motor and rechargeable batteries. These vehicles
have good scope in future due to scarcity of fossil fuel
because most of vehicle depends upon fossil fuel to run
the vehicle. Some other alternatives are carried out on
today life is running the vehicle from electricity. In India,
electric vehicle had been published but charging station
are not organized completely like petrol pump in very
street/landmark/area. So are first step is to
decideinfrastructureofchargingstationanditsmanagement
. Because it is not to introduce the electric vehicle it is
also necessary to develop the charging station source in
every street and area as like petrol pump and also some
other alternatives about charging the vehicle is also
important
in
emergencycasesor
someotherreason.Iftheinfrastructureof charging station
and
its
management
well
settled
and
executedthenonlyelectricvehiclewillbewidechangeinthe
society in term of environment and saving of the
fossilfuel.
Keywords— Charging Station, Electric Vehicle, Hybrid
Vehicle, Charger, AC & DC Current, Chargers
Introduction

Electric Vehicles (EV) are those vehicles which use one or
moreelectricmotorsinsteadofgasolinetopropelthevehicle. The
energy to run the motors is derived from the battery packs
contained in them. The batteries are rechargeable in nature
& can be recharged either by using solar energy or
connecting it to the mains supply. EVs these days aren’t only
limited to cars or motorcycles but have evolved in the form
rails, buses & trucks as well.
An electric vehicle charging station, also known as an EV
charging station, an electric charging station, a charging
center, an ECS (Electronic Charging Station) and an EVSE
(Electric Vehicle Supply Equipment) charging station, is a
part of a grid that provides electricity for the charging of

electric plug-in vehicles, including electric vehicles,
community electric vehicles and plug-in hybrids.
A number of heavy duty or special connections are offered
by charging stations that adhere to a variety of requirements.
Multi-standard chargers fitted with two or three of the
Combined Charging System (CCS), Caedmon, and AC fast
charginghavebecomethedefactoindustrystandardinmany
regions for mainstream DC quickcharging.
Both electric cars have on-board converters that can be
plugged into a standard electrical socket or a high-capacity
appliance outlet for charging at home or at work. Others
either need or can use a charging station that offers
connectivityfor electrical conversion, tracking, or protection.
When traveling, these stations are often needed, and many
endorse faster charging at higher voltages and currents than
residential EVSEs have available. Usually, public charging
stations are on-street installations provided by power
providers or situated in retail shopping malls, restaurants and
car parks managed by a variety of private corporations. A
technology agnostic approach shall be considered allowing
adoption of charging standard as per marketdemand.
Electric mobility market of India differs from those of the
countries having higher levels of penetration of electric
vehicles and mature market conditions. The difference is
primarily due to various aspects such as geographical area,
public policy, social norms as well as economy.
Heterogeneous development in urban areas, large population,
low availability of public infrastructure and low affordability
pose several barriers to mass scale adoption of e-vehicles. In
order to address the barriers, governments at bothCentral and
state levels have taken proactive steps. Initiatives such as
National Electric Mobility Mission (Hybrid and) Electric
Vehicles (FAME) have been crucial In increasing the
participation of private sector in electric mobility space. In
addition, MOP’s landmark clarification that operation of
charging infrastructure shall not be considered as resale of
electricity has further given a boost to the sector. In addition
to the policy and regulatory initiatives,
standardization
plays a
critical role in proliferating uptake of any
technology. However, as per the observations in
globallymatureMarkets, resorting to a technology agnostic
approach (allowing adoption of standards as per market
conditions) have been a key strategy for increasing the
market uptake.
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Accordingly, stations can provide all options (Bharat
chargerAC001,DC001,ChaDemo,
CCSandGB/T)toEV
users on a common board/kiosk. Responding to the
proactive approach of the policy makers, the electric
mobility market haswitnessed strategic partnerships
between the various players of the EV supply chain. This
has been done with dual objectives of diversifying product
portfolio and reducing operational Risks thereby increasing
readiness of the industry to respond to the electric mobility
disruption.
I.

4. Ultra-Flywheels: Electrical machines that spin at
higher speeds to store energy in kineticform.

EXECUTIVESUMMARY

A. What are Energy Sources used inEV’s?

1. Batteries: Electrochemical devices that storeelectrical
energy in the form of chemicalenergy.

Fig 4: Ultra-Flywheels
B. What challenges for Charging of ElectricVehicle?

1.

Fig 1: Batteries
2. Fuel Cells: It usesHydrogen as the fuelenergy.

Access to efficient charging could become a roadblock
to electric-vehicleuptake.
2. Recognizing the charging-capacitygap
3. Big energy demand, but where tocharge?
4. From home to work to publiccharging
5. Poor range and limited attractiveness have long been
the two biggest bottlenecks to EVuptake.
6. Alternative chargingmethod
7. Chargingmanagement
8. Fastest Charging in minimum time.
9. Cost effective of chargingvehicle.
10. Low demand of electric vehicle inmarket.
C. What Challenges for Charging StationInfrastructure?

Fig 2: Fuel Cell
3. Super Capacitors: IT store energy in electrostatic form
& mostly use high values of capacitance for thesame.

Fig 3: Super Capacitors

1. High Capital Expenditure with no returns during initial
years
2. Real estate / location of charging stations - Big
challenge (Parking Issues)
3. Most of the charging sessions expected at homes,
offices
4. Vehicles are expected to lag behind the Charging
Infrastructure
5. Substantial numbers of Chargers may attract EV
adoption by public atlarge
6. Too manyplayers
D. What are the challenges for the EV Market inINDIA?

1.
2.
3.
4.

ChargingInfrastructure
High Price of ElectricVehicle
RangeAnxiety
FAME Policy Flip –Flops
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II.

LITERATUREREVIEW

B. Authors andafflictions

A. LITERATURESURVEY

Jaydeep Gupta

Since a well-established charging station network is a key
element of the spread of EVs, several studies focus on
charging infrastructure development. In charging
infrastructure preparation, there are two key points of view:
the electricity network and passengers. Studies derive the
positions of the charging station from travel actions from the
traveler's point of view. We further divided these studiesinto
two groups: the construction of networks for inter-city and
intra-city charging. These groups' general methods are also
distinct. Developments of inter-city charging networks
typically use a flow-based approach (Hodgson, 1990),
whereas intra-city developments use a node-based approach
(Hakimi, 1964), although there are also exceptions. The
explanation for the disparity is that, for short trips in the
metropolitan area, the selection of BEVs is adequate, but not
enough for a long trip. Thus, the need for charging in the
metropolitan environment exists at the origin or destination
of the ride, while the need for inter-city charging arises after
the trip. Node-based methods assume point specifications
that are unique to intra-city charging requirements, whereas
flow-based models assume that the demands are provided as
flowsoforigin-destination(O-D)andthatasmanyO-Dflows as
possible are expected to represent. Flow-based models are
thus ideally suited to optimizing the charging station at the
state level (Upchurch and Kuby, 2010). A flow-based or also
referred to as a flow capture position model (FCLM) is the
basis
ofpapersdealingwithinter-citychargingrequirements;
however,theimplementationofthemodelsandthecollection of
variables may vary. The positions of charging stations are
calculated primarily by Sathaye and Kelley (2013), taking
into account the characteristics of traffic flows. Furthermore,
demographics have now been taken into consideration. Tan
and Lin (2014) have a stochastic FCLM that takes into
accountthestochasticusagedemandsalongtheroutesaswell
astheinstallationcostandtheserviceefficiencyofacharging
station. However, owing to statistical variations, the sole use
of the stochastic model gives a lower operation coveragerate
than the deterministic model. Lin and Hua (2015) have an
FCLM-based particle swarm optimization model to
determine an optimum location for charging station
collection. The optimization is carried out according to the
cost of construction, the service area of the charging station
and the traffic flow rate. To evaluate the best location of
refueling stations, Kuby and Lim (2005) are applying FCLM
to alternative-fuel vehicles. For a refueling rationale, the
FCLM was generalized, where a flow is captured only if the
engine never runs out of gasoline. The positioning of the fuel
stations depends on the range of the car, the duration of the
arc, and the transport network's node spacing. Subsequently,
by incorporating candidate positions along the arcs, they
expand the flow refueling location model (Kuby and Lim,
2007) and suggest successful heuristic algorithms for fuel
stationlocation(LimandKuby,2010Thecandidatelocations
and driving routes are also calculated by Davidov andPantoš
(2017), and then a discrete range modeling approach is used
to reduce the difficulty of positionmodeling.
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IV VEHICLE METHODOLOGY
A. COMPONENTS OFEV’S

The Major Components of an EV include:
• BatteryPack
• Electric Motors
• Battery Managementsystem
• CoolingSystem
• TransmissionSystem
• Power ElectronicController
• DC/DCConverter
• Inverter
• On-boardcharger

Fig 5: Components of EV’s
B.

LAYOUT OFEV’S

Fig 6: Layout of EV’s
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C. WORKING PRINCIPLES

Current Flows from the energy source (battery, fuel cell,
liquid energy) to the power electronics controller. The
controller acts as a gateway to flow of electricity.
Potentiometer near throttle pedal signals the controller to
draw the desired amount of power from the battery pack and
provide it to the motor.
If DC motor has been used, a DC/DC convertor is placed in
between the battery pack and the other equipment in order to
reduce/increase the voltage depending on the requirement.
AninverterisusedifanACmotorisused,toconverttheDC power
from the battery into AC power ofmotor.

Fig 8: Type of EV’s
V. CHARGING METHODOLOGY
A. CHARGING METHODS
1. On Board Charger (ACCharger)
• SlowCharging
• OvernightCharging
2. Off Board Charger (DCCharger)
• FastCharging
3. Swapping (BatterySwapping)
• Requirement of Standardization
• Size, Rating, CommunicationProtocol.

Fig 7: Working Principle
D. TYPE OFEV’S

1.
•
•
•
•
2.
•
•
•
3.
•
•
•
•

Hybrid Electric Vehicles(HEV):
Can be powered both by petrol &electricity.
Uses energy recovery methods for batteryrecharging.
Gives enhanced fuel economy than a conventional ICE
vehicle.
Honda Civic Hybrid, Toyota Camry Hybrid, Toyota
Prius,etc.
Plug-in Hybrid Electric Vehicle(PHEV):
Hybrids can be charged by the ICE, regenerative
braking and plugging in to an external source of
electrical powersource.
Have higher range when compared to conventional
hybrids.
E.g.: Chevrolet Volt, Audi A3 E-Tron, BMW i8, Jeep
Compass 4xe, etc.
Battery Electric Vehicle(BEV):
Fully electric vehicles with rechargeable batteries & no
ICE.
Store electricity onboard with high capacity battery
packs.
Charged by electricity from an externalsource.
E.g.:HyundaiKona,MGZ5EV,TataNexonEV,Tesla
cars,etc.

Fig 9: Charging Methods
B. EV CHARGERS & TYPE OFCHARGING
1. Electric Vehicle Supply Equipment (EV Charger) :
EquipmentwhichsuppliesElectricalEnergytorecharge
the battery ofvehicles
• AC Charger (220 V/415 V, 15 A -80 A supply) - 3.3.
KW to 44 KW
• DCCharger(highervoltage&Current)-15KWto350 KW
2. Type ofCharging:
• Level 1 (120 V AC, standard house outlet) - Overnight
charging
• Level 2 (240 V AC, Household appliances) - 4 to 6
hours
• Level3(500V-1000VDCCharging)-20to30minutes
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3.
4.
5.
6.
7.

Fast Charging Standards
CCS (Combined Charging Standard)- Europe &US
ChaDemo(Japan)
GB/T(China)
Bharat DC -001 (India) up to 100V

Fig 10: Type of Chargers
• Alternate-current charging (AC) also referred to as level 1
or level 2. An in-car inverter turns AC into direct current
(DC) in this method, and then charges the battery at either
level 1 (the equivalent of a US household outlet) or level 2.
(240 volts). It runs at power ranges of up to around 20
kilowatts.
• DC charging, also referred to as level 3 or fast charging
direct-current (DCFC). This charging device converts the
AC from the grid to DC until it reaches the car andcharges
the battery without the need for an inverter. It operateswith
power ranging from 25 kilowatts to more than 350
kilowatts, commonly referred to as direct-current fast
charging or level3.
• Wireless charging. In order to charge batteries, this device
utilizes electromagnetic waves. A charging pad is normally
linked to a wall socket and a plate is connected to the car.
Current technologies are compatible with level 2 chargers
and can supply up to 11 kilowatts ofelectricity.
C. MODES OFCHARGING
Mode 1: Domestic socket and extension cord
The vehicle is connected to the power grid through standard
socket outlets in residences, which are usually rated at
around 10 A, depending on the region. The electrical
installation must comply with safety regulations in order for
mode 1 to be used and must have an earthling system, a
circuit breaker for overload reduction and an earth leak
protection system.In order to avoid unintended
communication, the sockets have blanking devices.
The first constraint is the power available, to avoid the
possibility of:
• Heating of the socket and cables after intensive use for
many hours at or above maximum power (which varies
from 8 to 20 a depending on the country).
• Risks of fire or electrical injury, whether the

The second constraint has to do with the power control
of the installation.
• As the charging socket shares a switchboard feeder
with other sockets (no dedicated circuit) if the usage
amount exceeds the full protection (usually 16 A), the
circuit breaker skips, stopping charging.

Fig 11: Domestic socket and extension cord
Mode 2: Domestic socket and cable with a protection device
The car is attached to the main power grid by household
socket-outlets. A single-phase or three-phase network
performs the charging and an earthling cable is installed.
The cable is fitted with a protection system. This solution is
more expensive than Mode1, owing to the specificity of the
cable.

Fig 11: Domestic socket & cable with a protection device
Mode 3: Specific socket on a dedicated circuit
The car is directly connected to the electrical network by a
separate socket and plug and a dedicated circuit. A control
and protection functionality is also permanently included in
the installation. This is the only charging mode that satisfies
the relevant specifications for electrical construction (IEC
61851).It also allows load shedding such that electrical
home appliances can be run or, on the opposite, optimizes
the electric vehicle's charging time during car
charging.

electrical installation is redundant or where such
protection
precautions
are
not
possible.

Fig 12: Specific socket on a dedicated circuit
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Mode 4: Direct current (DC) connection for fast recharging
An additional charger cables the electric car to the main
power grid. In the house, the control and surveillance
functions and the charging cable for the car are permanently
installed.

Fig 13: DC connect for Fast Recharging
D. TYPE OF CHARGINGSTATION
Charging stations fall into four basic categories:
1. Residential charging stations: An EV owner plugs into a
regular receptacle as he or she goes home and the vehicle
recharges overnight (such as a NEMA connector in the
US). Generally speaking, a home charging station
requires no user verification, no special metering, but a
dedicated circuit can require wiring to provide quicker
charging. Some portable chargers can also be wallmounted, as charging stations.
2. Charging while parked (including public charging
stations)-A private or corporate operation is sold for a
fee or free, often in partnership with the owners of the
parking lot. This fee can be slow or high speed and also
requires EV owners to use nearby facilities to refill their
cars. This would have spaces for a company's employees,
parking in shopping malls, small centers, and public transit
stations. AC Type1 / Type2 connectors are usually used.
3. Quick charging at public charging stations > 40 kW,
capable of 10-30 minutes of transmission over 60-mile
(97 km) of coverage. These chargers can be at rest stops
in order to allow longer distance journeys. They can also
be used by commuters in urban areas on a regular basis
and for charging while parking for shorter or longer
periods. Form 2 (Europe), CCS, ChaDemo, the SAE
Hybrid Charging System, and Tesla Superchargers are
typicalexamples.
4. In less than 15 minutes, the battery swaps or charges. A
reported target for CARB credits is to add 200 miles
(approx. 320 km) to their range in less than 15 minutes
for a zero-emission vehicle. This was not possible in
2014 for charging electric vehicles, but it's imaginable
with EV battery exchanges. It seeks to satisfy the
refueling needs of regular drivers and provide discharged
vehicles with a mobile crane facility where no charging
station is available. The battery size and the ability to
accommodate fast charging are also growing, and it is
important to change and enhance charging methods.
New option were also implemented, too (on a small
scale, including mobile charging stations and charging
via inductive charging mats). The emergence of common
charging methods has been postponed by various
producers' varied specifications and solutions, and there
is a strong understanding of the need for standardization
in
2015.

E.ALTERNATIVE CHARGINGMETHOD
1. Smart gridcommunication
When recharging a large battery pack, there is a high
demand on the power grid, but this could be prepared for
periods of reduced load or decreased energy prices. In order
to schedule the recharging, either the charging station or the
car can communicate with the smart grid. Via a web
interface or mobile app, some plug-in vehicles allow the
vehicle operator to track recharging. In addition, the car
battery can supply power to the grid at times of high demand
in a car-to-grid scenario. This includes additional
communication with the grid, the charging station and the
car's electronics.SAE International is establishing a series of
standards for energy transport to and from the grid,
including SAE J2847/1 "Communication between Plug-in
Vehicles and the Utility Grid" A related set of standards
known as ISO/IEC 15118 is also being established by ISO
and IEC: "Road vehicles — Vehicle to grid communication
interface"
2. Renewable electricity and RE chargingstations
Charging stations are typically connected to the electrical grid,
which often means the fossil fuel or nuclear power plants are
the basis of their energy. Solar power is suitable for electric
vehicles as well. A system has been developed by Nidec
Industrial Solutions that can be powered by either grid or
renewable energy sources such as PV (50-320 kW). Solar City
is marketing its solar energy systems alongside electric car
charging installations. The group has reached a partnership
with Rabobank to make electric car charging available to
drivers of Tesla cars commuting between San Francisco and
Los Angeles on Highway 101 for free. other cars that would
use the same charging technology are welcome
3. SPARCstation
The SPARC (Solar Powered Automotive Recharging
Station) uses a single custom-made monocrystalline solar
panel to generate 2.7 kW of peak power to charge pure
energy or plug-in hybrid power to 80 percent capacity
without extracting electricity from the local grid. SPARC
plans include a linked non-grid scheme as well as
consistency with a grid-link solar power plan. This confirms
their argument that electric cars are net-zero driving.
4. E-Move chargingstation
The E-Move Charging Station is equipped with eight
monocrystalline solar panels which can produce 1.76 kWp of
solar power. Over the course of the year, the designers plan to
generate about 2000 kWh of electricity from the panels with
further refinements.
5. Wind-powered chargingstation
In 2012, Urban Green Energy unveiled the world's first
wind-powered electric vehicle charging station, the
SanyaSkyPump. The architecture incorporates a 4 kW
vertical-axis wind turbine combined with a GE WattStation.
F. CHARGINGTIME
The charging time depends on the battery size and the
charging power. Simply put, the duration of charging time
depends on the amount of charge used, and the degree of
charge depends on how the voltage is handled by the batteries
and converter circuitry in the car. Level 1 (household 120V
AC) is described by the U.S.-based SAE International as the
slowest, Level 2 (household 240 VAC upgraded) in the middle
and Level 3 (super charge, 480V DC or higher) as the highest.
Level 3 Charging times can be as swift as 30 minutes with an
80 percent fee, but there has been strong rivalry from industry
about whose efficiency should be broadly embraced. Charge
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time can be calculated using the formula: Charging Time [h]
= Battery Capacity [kWh] / Charging Power[kW]
A first-generation electric car, such as the original Nissan
Leaf, has a usable battery power of about 20 kWh, giving it
a range of about 100 miles (160 km). Tesla was the first
company to launch electric vehicles with a longer mass
production range, initially launching their Model S with
battery capacities of 40 kWh, 60 kWh and 85 kWh, with the
latter having an estimated range of approximately 480 km
(300mi). Plug-in hybrid vehicles have a power of about 3 to
5 kWh and an electric range of 20 to 40 kilometers, but the
maximum range of the standard vehicle is assured by the
gasoline engine.
Car manufactures have mounted a battery charger in the car
for regular charging (up to 7.4 kW). A charging cable is
used to connect it to the electrical network to provide 230
volts of AC current. Manufacturers have chosen two quicker
charging options (22 kW, 43 kW and more):
• Use the car's built-in battery, designed for 230 V singlephase or 400 V three-phase charging from 3 to 43 kW.
• Usage of an external charger that turns AC current into
DC current and charges the vehicle at or above 50 kW
(e.g. Nissan Leaf) (e.g. 120-135 kW Tesla Model S).

Fig 15: Charging Station Sign
H. SAFETY
Although rechargeable electric vehicles and devices may be
recharged from a domestic wall socket, there is usually
access to a charging station for multiple electric vehicles and
external current or communication sensing systems to
disconnect the power when the EV does not charge.
Two major categories of safety sensors exist:
• Present sensors that track the absorbed energy and
maintain the link only if the demand is smaller than the
predetermined range. Sensor cables adapt better, have less
malfunctioning parts, which can be less expensive to build
and mount current sensors, but can use typical connectors
which may easily provide suppliers with an option to track
or charge for the actually energy consumed.
• Additional physical "sensor wires" that require

unique (multi-pin) power plug fittings to provide a
feedback signal, such as the above-mentioned SAE
J1772 and IEC 62196 schemes.

There was an issue with Wink chargers overheating and
destroying both the battery and the car prior to 2013. The
solution adopted by the company was to limit the overall
current.
VI. MARKET ININDIA

Fig 14: Charging Time
The consumer finds it as simple as attaching a normal
electrical appliance to charge an electric car; however, the
charging unit must perform several safety tasks and dialogue
between attachment and charging with the vehicle to ensure
that this operation takes place in total safety.
G. EV CHARGING STATIONSIGN
The EV Charging Station Sign approved by government
of India is shown below:

India's electric vehicle charging infrastructure market is
categorized according to three segments, such as charging
method, location, and component:
The charging form involves direct charging and switching
of the battery:
1. Based on the method of charging, the electric vehicle
charging infrastructure market in India is segmented into
direct charging and battery switching. Direct charging is
further categorized into fast charging and slow charging.
The most commonly used rapid charging methods are
ChaDemo and CCS. ChaDemo is used mainly by
Japanese automotive makers, while CCS is commonly
used by most of the European, US, and South Korean
vehicle manufacturers. Since India has failed to
standardize rapid charging techniques, the government
has mandated the production of both ChaDemo and CCS
techniques for Charging stations for electric vehicles,
which has increased the cost of setting up a charging
station for electric vehicles in the country. In July 2019,
the government changed the guidelines because of the
cost problem and allowed developers of electric vehicle
charging stations to select the system they prefer.
2. Location includes cities andhighways:
On the basis of modules, the electric vehicle charging
infrastructure industry in India is segmented into
hardware and tech & services. Electronics consist of

ports, cables, and charging units. Charging system
installation and maintenance, network as a service and
other services such as software & services Other
services include battery distribution service and
towing service, which are in India at a very nascent
level.
3. Component includes solutions andservices:
India's electric vehicle charging infrastructure sector is
segmented into region-based highways and cities. Any
of the electric vehicle charging stations in India is
deployed in villages. However, more charging points
on major highways and highways, including the
Mumbai-Pune Expressway, the Delhi-Agra Yamuna
Expressway and the Bengaluru-Chennai Expressway,
are proposed by the government.
In India, demand for charging infrastructure for electric
vehicles is expected to increase during the 2019-2025
forecast period at a CAGR of over 40 percent. The aim of
this report is to define, assess and forecast the electric
vehicle charging infrastructure market in India on the basis
of segments, including area, mode of charging and part of
the market. In addition, the Indian study on the demand for
electric vehicle charging infrastructure helps venture
capitalists better understand markets and make wellinformed decisions, and is specifically intended to provide
strategically relevant awareness of competitors, data
analysis, and market perspectives, expansion, and execution
of a competitive market for the executives of the company.
•

An overview of providers, including financial status,
organizational divisions, key business priorities, SWOT,
business plan, and opinions, is given in the report on the
electric vehicle charging infrastructure market in India.

•

The research covers the corporate sector, including
M&A, cooperative ventures & alliances, and
rivals comparison study.

•

The financial accounts and sales of the divisions will be
limited in the company profile segment for organizations
that are privately owned.

Fig 15: Charging Infrastructure Business
1. Cost of EVSE
• Fast DC Charger – 15 KW to 150 KW (Rs 2 Lac to
Rs20Lac)
• Slow AC Charger- 3.3 KW to 22 KW (Rs. 0.40 Lac
to Rs. 5Lac)
2. AMCCharges
3. System Strengthening cost
4. Charger Integration Charges, Mobile App,
Payment gateways

5. Operationalexpenses
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VII. CONCLUSION
We learned about the type of charging, charging station and
modes of charging present all over the world. After a brief
learning about charging station, it give various ideas should
carried out for charging station infrastructure. An alternative
idea should be accepted as a second option charging of EV.
The Government of India had taken keen step toward
promoting the electric vehicle. After seeing too many survey
about the interest of people toward electric vehicle, most of
reason are of not well establish charging station in street and
area.Oncechargingstationaremanufacturedinallthepower
stationthenonlypeoplewillthinkaboutelectricvehicleover IC
engine vehicle. It will only happen by proper planning of
chargingstationinfrastructureanditsmanagement.Sincethe EV
have too many advantages over IC engine vehicle but only
drawback is the charging station and charging time.
Thesetwofactorscanbeachievedbyproper
infrastructureof
chargingstationanditsmanagement.Afterseeingthesuccess of
EV on other countries, India has a good market in future.
Some other factor are should be considered is costs of
charging, safety and finance of charging station
infrastructure.
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Abstract—In today’s generation, one of the biggest
problems weare facing is the extreme pollution inthe
oceans, seas and the atmosphere.There aremillions of
tons of garbagewhich includes a lot of plastic debris that
are thrown in our oceans thatalone cause so much
pollution. Plastic is such a synthetic material that does
not decompose easily, like most other substances, it just
floats in the waters, either on the surface or deep under.
Sadly, these floating plastics in the oceans have become
food for many of the animals that lives inthe oceans. Due
to this there are so many deaths of these animals that are
resulting as the reason is their inability to digest the
plastics.Also, sometimes there are cases of animals
getting entangled in them, which can quite easily lead to
their deaths. On our earth, not only the land field,
garbage pollution has spread to the sea area, while the
main part of the marine garbage pollution is the plastic
trash that is floating and this grows at a rapid speed
every year. One of thesimple solutions to this problem
isthat, we canabolish the waste materials. This can be
done with the assistant of the Sea-bin. The Sea-bin is an
electrical device that can be set up on the shore
nearmarinas and harbors around the world to prevent
the plastic debris from leaving the land and entering into
the oceans, and thus itcapturesthem and the waste that
enters the ocean through the ports. The Sea-bin does this
job by the simple method offiltration of the seawater.
Plastics that are floating get sucked off from the surface,
gets filtered, and is captured in the Sea-bin debris
collection system and removed out from the ocean, while
all marine life nearby remains uninjured.
Keywords—Seabin, plastic debris, pollution, Ocean cleaning.
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INTRODUCTION

Approximately 10–20 million tons of plastic enters
the oceans each year. A recent study conservatively
estimated that 5.25 trillion plastic particles weighing a
total of 268,940 tons are currently floating in the
world’s oceans. This plastic waste results in an
estimated $13 billion a year in losses from damage to
marine ecosystems, including financial losses to
fishermen and tourism as well as the time spent in

cleaning the beaches. Animals such as birds near
oceans, whales, and dolphins can become entangled in
these plastic debris, and floating plastic items such as
nets that as discarded, docks, and boats can transport
microbes, algae, invertebrates, and fish into non-native
regions, affecting the local ecosystems.‖ – Global
Plastic Production Rises, Recycling Lags – World
watch Institute.
Our project Sea-bin is one way to solve the global
problem of ocean plastic pollution and ocean
conservation. Sea-binProject develops innovative
upstream solutions for cleaner and more sustainable
marinas, ports, rivers, public waterways and ultimately,
oceans. Sea-binhave the potential to prevent
mismanaged waste such as macro and microplastic debris, and micro from entering the ocean. SeabinProject does much more than concentrate on
technology.
We
address
that
using
Science&Technology, Education and Community
activation is a step towards a whole solution.
II.


PROBLEM DEFINITION

As pollution of our oceans and atmosphere
keeps growing rapidly, the life of living
organisms on our planet are in great danger.
Most of the pollutions are caused by human
beings. There are currently millions of tons of
debris already in our oceans, and plastic is the
most common form of debris that is present in
a huge amount. According tostudies, an
estimated eight million metric tons of plastic
waste is dumped into our oceans per year. As
plastics require a very long time to break down
into simpler componentsunlike most natural
substances, so it is hard for our oceans to get
rid of it naturally in considerable period of
time. Thelife in the oceans can hardly
understand the difference between plastics and
food, so the debris inevitably becomes their

Multicon – W:- ICAMCE - 2021

food, which leads to death or injury.Also,
sometimes there are cases of animals getting
entangled in them, which can quite easily lead
to a slow and painful deaths.


Oil spills pollute the oceans, though watersewage treatment plants discharge twice as
much oil each year as tanker spills.



Plastic pieces, food wrappers, cigarette’s butt,
foam pieces, bottle caps are commonly
floating garbage near the shea shores.



Garbage from land enters the oceans, caused
by ineffective waste management and bad
behavior from the community around the
world in dealing with plastic waste. In
essence, garbage in the ocean comes from land
and will return to the mainland because there
are tidal and tidal waves in the sea. However,
this will not happen in existing coastal areas
surrounded by docks and harbors made of
natural rocks or man-made (cement). This is
because the garbage is carried away current,
will hit the barrier of the dock and return to the
ocean.



The rubbishinto the ocean, caused by
ineffective waste managementbad behavior of
coastal communities around the world in
handling waste.Marine pollution due to plastic
waste is not only bad for peopleenvironment,
but it is also detrimental to the economic side
because of state revenue fromthe maritime
sector also declined.

The characteristics of waste in the sea are
distinguishedinto solid, liquid and gas waste.
However, for marine debris in marinedebris survey
monitoring of NOAA (2015), it has divided the types
of waste intoin several types representing all types of
frequent marine debrisobtained in the sea in the
following table:
Characteristics of marine debris based on size:
No.

Classification Length (size)

Location of
Distribution

1

Mega

> 1m

Ocean

2

Macro

> 2.5cm
<1m

3

Meso

>5mm<2.5cm

4

Micro

0.33mm - <5 Water level

- Bentick
Coastline

mm
5

Nano
III.

<1µm

Not visible

LITERATURE SURVEY

Understanding the formation of garbage patches and
quantifying their persistency is a key question. Before
solving the problem, the first step is comprehension of
the problem. In the research of ocean plastic by
Jambeck R.J, [1], there is an observed imbalance in the
amount of plastic going into the ocean and the amount
of plastic that we find floating at the surface. It is
estimated that every year several thousands of tons of
plastic waste enter the oceans. Some plastic sinks to
the seabed or washes onto shore, and other, buoyant,
plastics make their way to the ocean gyres. Once there,
they accumulate, persist and eventually break down
into micro- and nano-plastics.
The types of waste which pollutes the ocean and to
distinguish which one is hazardous or non-hazardous
is important. The National Oceanic and Atmospheric
Administration (NOAA) [2] gives an insight of the
types of ocean pollution which includes plastic, oil or
chemical spill, algal blooms, marine debris, etc.The
problem of garbage in the sea is increasingly
unstoppable.The amount of garbage in the sea has
entered a worrying stage,as time went by, it also
continued to increase rapidly. This condition,making
the Indianocean a vulnerable and facing water
areavery serious problem.Therefore, a clear solution
must be soughtsolve the problem of plastic waste in
the sea.
The project Sea-bin is a concept started by Andrew
Turtle and co-partner Pete Ceglinski in 2013 and was
bought into execution in 2015[3].Our Sea-bin project
is an experimental prototype of the original model
made by them. There are many other device invented
for the purpose of cleaning the debris in water bodies
like; the Jagau engine made by Bogor Agricultural
University (IPB) students for dealing with piles of
garbage in the Ciliwung river in Jakarta;Garbage
Eating Barge, a recycled barge by James Dyson, a
famous designer which has a very large net to catch
the plastic floating onriver level;Mr. Trash Wheel is a
waste collection machine similar to an ordinary
wheelalso known as The Inner Harbour Water Wheel.
According to its creator, JohnKellet Technology "Mr.
Trash Wheel" Garbage Collection Machine "Shapea
mix between a space ship and a wagon with a lid, ";
Bio-Cleaner System is a technological concept that if
available it wouldbecome an invaluable asset for
cleaning marine oil. This devicefloat in the sea after
being dropped from a helicopter or boat. It couldtrack
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the source of the spill and focus on cleaning up that
area; Suction (suction) is the flow of liquid into a
partial vacuum,or low-pressure area. The pressure
gradient between this area and the ambient
pressurewill push the material towards the lowpressure area.
The pumping system design is a paper which gives
a brief overview of the types of pump, the designing of
the overall pumping system. This includes procedures
from designing of the pipeline system till selecting the
pump speed and their type based on the application. It
is important to know what kind and which pump will
be best suited for this application and in which ways
cost effective with good efficiency pump can be
chosen.[6]
IV.

METHODOLOGY

The Sea-binis a device which acts as sucking device
for all the marine debris present nearby which is
designed for purpose of cleaning and is to be set up in
the waters near marinas, ports and any water bodies
where environment is still and there is availability of
service facilities. The Sea-binfloats on top of the water
in a stationary position and slowly draws in surface
water into its filtration system. This is crucialas there is
a lot of floating debris that sits on top of the ocean near
the shore. The Sea-bincan collect any type of garbage
items which are present nearby its vicinity such as
waste bottles, plastic bags, etc.
The Sea-bincan beadjusted along the range of
surface of sea so the collection of all floating rubbish is
smoothly done. Water from the surface is sucked into
and passes through a bag present inside the Seabin
which catches all these litters, with the help of an
external water pump or submersible water pump
capable of displacing a lot of litres of water per hour
but in our case, we will be using external water pump.
It is plugged directly into an electrical outlet. The
plastic debris and all the waste are trapped in the bag
and then thewater which is sucked in is pumpedback
into the ocean. This waste then can be displaced off
properly. To make this more efficient, the Sea-bincan
be added with a filter with can remove the oil and
detergent from water using a very fine meshed filter
capable of doing this task and this is placed after the
water is pumped from the sea.
Components of Sea-binare as follows:
TABLE I.

Sr.
No

The Catch
Bag

Components
Main Body

Pump

Sr.
No

The Catch
Bag

Components
Main Body

Pump

1.

The handle

Outer plastic
Cover

Electrical

2.

Cover

Inner Floating Lid

Centrifugal

3.

Filter

Pipes

400lph

Fig. 1. Table 1

A. The Catch Bag:

The Catch Bag is a component which collect all the
debris. It is further made up of number of
components like the handle, the cover, the filter, the
ring. The filter is made up of high-Grade mono
filament nylon mesh from 25 to 800 micro(um)
which has the capability to filter out the micro
plastic of size 2mm.It consists of a metal ring
inside which helps to give a shape and be placed
firmly on the main body. It has a handle for the
service workers to remove the filter once it is filled
to the bottom.The dimensions of the catch bag were
decided to be as:
Diameter: 18cm
Height: 30cm
The figure below shows the body of the filter bag.

Fig. 2. The filter bag

The structure of the catch bag combining all of its
component looks like the figure shown below:
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upper body is made wide and it has a deep base line, or
bottom. The shape of this resembles a boat or a ship
but little deeper. Figure 4 shows the structure and
component of main body. Adding the inner float lid is
not a compulsion as the bucket can be attached from
the outward area to the port so it doesn’t move by
slight waves of the sea and is firmly stationary.

Fig. 3. The Catch Bag

The bag used are made with strong materials which
can sustain for a long time. If somehow thereis a
problem regarding efficiency in its work then it can be
easily replaced. The catch handle and covers are easily
removable and reuseable.
B. Main body

The main body of the Sea-binconsists of the outer
covering which is necessary to give a shape to the
project and also protect from other external factors. It
is made up of plastic which can sustain in the water
body for a long very time without getting damaged. As
it works in an underwater environment, for these
applications special consideration is required when
choosing thematerial. Most plastics can maintain their
mechanical properties in marine environments and
have low water absorption characteristics. Plastic
materials are insubstantial, corrosion resistant, longlasting and tough,and hence they become the most
suitable material to be used in marine applications.
Plastics commonly used in remotely operated vehicles
and subsea applications:
 Acetal
 UHMW
 HDPE
 Acrylic
 Polycarbonate
 Nylon
Plastics can be heated or thermoformed or easily
machined into parts for subsea appliances. Plastics that
are wear-graded or frictional do not require any
external lubrication and they are gentle on mating
metal parts.The inner part of the body is the float lid
which is helps the main body to float on the surface.
The weight of Sea-binis dispersed across the upper
portion or the hull by choosing lightweight, sturdy
material to achieve a little buoyancy.The hull, or the

Fig. 4. Main Body

The pipes are used to draw the water from the surface
through the filter which helps filtering out mostly all
the solid waste and micro plastics and then the water
with the help of pump goes into another filteration
compartment where oil and detergent are seperated
from the water and then this filtered water goes back in
the ocean.
The main outer body of the Sea-binwas designed based
on the similarities of that of a boat. As the catch
bag was mm in depth so leaving some clearance,
the height of the body was decided. The model of
the outer bucket looks like the picture below:

Fig. 5. Bucket

The dimensions of the bucket are listed below:
Top diameter = 30 cm

181

Bottom diameter = 25 cm
Height = 45 cm

a. Survey of site conditions;

C. Pumping system

c. Selection of pump.

b. Selection of pipeline;

Water pumps suitable for this application come in two
main types and can be underwater pumps or external
water pumps. The three basic types ofwater pumps are
centrifugal
pumps,
axial-flow
and
positive
displacement. These types of pumps are designed to
continuously move water from one place to another.
For the application of Seabin, Centrifugal water pump
is used.Centrifugal pump delivers water by converting
rotational kinetic energy that comes from the electric
motor or engine to a hydrodynamic energy of fluid.
Usually used for low viscosity fluid with high flow
rate.
For choosing a water pump there are several important
factors to consider which are as follows:


Power—including
horsepower

the

flow

rate

and



Material—weather-resistant materials required
for exposed applications



Motor type/fuel type: electric, gas, diesel,
hydraulic, or manual



Head—total head discharge, or maximum
pump power, suitable for the intended
application.

DESIGNING OF THE PUMPING SYSTEM:
To design a system for pumping is required
because the site condition do not favor the use of
supply by gravity. The requirements that are
necessary to be met by pumping system used in
any applications are: discharge flow rate for liquid
transfer in liters per second (l/s) or cubic meters per
second (m3/s) and the total pressure head that is to
be overcome in meters (m) by the pumping
system. It is also known as dynamic head.
The total dynamic head to be overcome by
pumping system is stated in the below expression.
H= hts + hf
H= Total or dynamic pressure head
hts= Total static head
hf= Pressure head loss due to fluid friction in
pipeline.
The design further proceeds in three steps:

a. Survey of Site Conditions:
This is the step which dictates the limitations and the
opportunities of the environment at which the location
of pumping system is situated. The data that is
necessary to determine in this survey of site is the
length of the pipeline and the static head to be
overcome. As the survey site is not fixed therefore the
site is assumed to be any local port located nearby.
Therefore, assuming the static head as 15m. The static
head is the level difference between suction site and
delivery site.
b. Selection of pipeline:
The pressure loss because of fluid friction in a pipeline
depends on several factors i.e., pipe size, material,
length, fittings and flow velocity. The pipeline is
selected first andthen pump is selected, because
pipeline data will have an impacton the choice of the
pump we select.
The selection of pipe size is the first step in system
design. The pipe size is selected such that the flow
velocity, when the pipeline delivers the design flow
rate, remains within a specified range. The
compensation is between the size of pump, and the
size of pipe. The total head to be overcome dictates the
size of pump. The size of pump therefore depends on
thefriction loss in pipe; and this in turn varies inversely
with the size of pipe. Smaller is thepipeselected, the
larger the pump required, and vice versa. The pipe
used is 1 ⅟ 2 inch in size. For this pipe size flow rate is
63gpm and friction head loss is 0.26 ft of head per feet
of pipe.
The second step in the selection of pipeline is to select
the pipe material. The pipe materials that are
commonly used for water pipelines are: UPVC
(plastic), steel, cast iron, and ductile iron. Among
these, the cost effective and advantageous material, we
found was plastic i.e., UPVC. Therefore, the material
used for the pipe is a class D PVC pipe. There are
other components which is required in the connection
of these pipes such as the socket and the elbow.
Sockets are the tool that serves as the connecting pipe
with the inlet and the outlet pump. Elbows functions as
a link to form desired path between the pipes.
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c. Selection of pump:

Power Sources:

Figure below demonstrates typical schematic figure of
a pump’s suction design. The figure on the left shows
a positive static suction arrangement, where the
suction reservoir’s water level is above the pump
center line. The positive static suction is shown as the
positive head difference between the suction reservoir
water level, and the pump center line. The scheme in
Figure right shows negative static suction arrangement
where the suction reservoir water level is below the
pump center line. The negative static suction,
alsoknown as the suction lift, is shown as the negative
head difference between the suction reservoir water
level and the pump center line.

Electric motor Power requirements:
Electric motor speeds can be chosen to make direct
coupling to the pump shaft appropriate. Assuming the
transmission efficiency is 1, the power output required
from the motor then equals the power absorbed by the
pump shaft.
Power Calculation (Theoretical)
A flowing water stream has kinetic energy, which is
relatedwith mass and flow velocity.So that the kinetic
energy of water can be calculated
with the formula:
Kinetic Energy of Water = ρ x g x H x Q
Where,
ρ = density of water (kg / m3)
g = force of gravity (m / s2)
H = head vortex (m)
Q = water discharge (m3 / s)
Q Max = 220 l/ m → 0.003667 m3
H = Total pumping head in metre of water moW
Taking ρ = 1000 Kg/m3and converting into
kilowatts;
Pw= g*Q*H Kw
=9.81*Q*H
Here Q =220 l/m = 0.00366 m3/s ,

Fig 6. Positive and negative Static Structure

The arrangement of the pumping system design of our
Sea-bin project is demonstrated below in the for of a
schematic illustration

H= hts +hf=15+0.079=15.079m
Pw = 9.81*0.00367*15.079
= 0.529 Kw.
Therefore,
a. Power: 240 V, 0.5 HP
b. Suction head capacity max:24m
c. Max Discharge Capacity: 400lph
The above are the specification for our selected pump.
The model for our project will look like the figure
shown below:

Fig. 7. Total static head of Sea-bin
Fig 8. Model of Sea-bin
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V.

RESULTS AND DISCUSSIONS

A large number of marine debris can be collected
depending on location, weather and types of waste,
including micro plastics, microfibers, fuel and oil. The
bag can hold up to 10 kgs of waste and can be replaced
as per requirement. The efficiency of this project
depends on the proper facility, energy supply and
maintenance.

to do its part in helping clean the oceans.They can also
be a useful tool in cleaning the lakes where the floating
garbage and water pollution problem still arises.
Proper disposal of waste is the responsibility of every
business, person and society at large.Marine litter can
have serious impacts on both marine wildlife and
humans. Plastic debris and waste can entangle, maim
and even drown many wildlife species. Animals can
also mistake some waste for food; once ingested these
materials can cause starvation and/or choking. For
humans, marine waste can be a health and safety
hazard as through food chain, these wastes can become
a part of human diet which can lead to serious risk of
their health. The impacts of marine litter can also
result in economic hardships for coastal communities
related to tourism and the fishing industry. Marine
garbage and wastes can only be truly managed by
changing the behavior that causes it to enter the
environment.
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Abstract: This article contains reports from the
various researches in Road accidents. Most of the
accidents happen due to signal jumping and not
following the traffic rules [18].It is organized by
the different research topics. This article also
contains different type of Signal system
(automated as well as timer based) which is
implemented all over the world. After studying
these many numbers of papers we came to the
conclusion that we need a system which prevents
the accidents rate at a high percentage of
accuracy. The main reason to bring this concept
into consideration is a very common phenomenon
of road accidents. Just to give you a heads up on
the stats in 2018 alone, our country reported
nearly 151 thousand fatalities due to road
accidents. Among which 70% of the accidents
involved young Indians [18]. This research will
help to reduce the accidental death rate and thus
help in increasing our country's GDP by 3%
every year [19].It will majorly add to the
development of the country.
KEYWORDS: Accident Prevention, Automatic
switching off engine, Traffic signal Control,
Emergency vehicle, Intersection, Red light
runners, Red light, Signal system, Traffic control.
1.INTRODUCTION:
The main reason to bring this concept into
consideration is a very common phenomenon of
road accidents. Just to give you a heads up on the
stats in 2018 alone, our country reported nearly 151

Harsh Patani
Department of Mechanical Engineering
Thakur College of Engineering and
Technology
Mumbai 400 101,India
Email harshpatani1923@gmail.com

R.S. Jaisinghani
Department of Mechanical Engineering
Thakur College of Engineering and
Technology
Mumbai 400 101,India

thousand fatalities due to road accidents. Among
which 70% of the accidents involved young Indians
[18].
The accident on road is the most unwanted thing to
happen to a road user, though they happen quite
often. The most unfortunate thing is that we don’t
learn from our mistakes on the road.
•
Main cause of accidents and crashes is due
to human errors. Some of the common errors of
people which result in an accident are:
1) Over speeding
2) Drunken driving
3) Distractions to driver
4) Red light jumping
Out of these red-light jumpers have contributed
majorly. According to the global statistics of 2015,
approximately 6 lakh accidents were reported
globally for red light jumping of which 41000 cases
were registered in India only [19] .
•
The number of road accidents and fatalities
in the country is very high.
•
India alone accounts for more than 10% of
global road accidents [18].
•
Road transportation is the backbone of our
nation and transport services are considered as the
growth engine of the economy. It is also called more
the length of roads more than the prosperity of the
country.
So we are planning to reduce the death rate of our
country mainly caused due to signal jumping.
It is a usual sight at road intersections that vehicles
cross without caring for the light. The major motive
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behind Red Light jumping is saving time. The
common conception is that stopping at a red signal
is wastage of time and fuel.
Studies have shown that traffic signals if followed
properly, saves time and commuters reach their
destination safely and timely. A red light jumper not
only risks his life but also the safety of other road
users. This act causes chaos at crossings and
intersections and thus causes traffic jams.
This is how everybody gets late to their destinations.
It has also been seen that the red light jumper
crosses the intersection with greater speed to avoid
challan but with such speed, it hampers the ability to
judge the on-going traffic and quite often crashes
and there adds another accident.
On account of all this, to reduce the number of
accidental death in our country to some extent and to
save people’s lives, we need a design in which the
vehicle will automatically stop as soon as the red
light on the traffic signal is turned on. And thus the
vehicle cannot be started. Only after the green light
of the traffic signal has appeared, the vehicle can be
then started again by the driver.
The whole point of the system is to bring a fall on
the graph of the death rate due to road accident
Right Angle Crashes
If a vehicle driver is trying to jump the signal red
signal, the vehicle approaching from the
perpendicular lane will crash with it.
If we consider only one vehicle the fuel due to idling
is very less but when we consider it globally it will
have a great effect on global warming and as well as
fuel will be saved. Also, the drivers won’t be able to
disobey the red signal.
It has been a great deal for the older people and
children to crossroads due to the havoc of the signal
jumpers thus, that too won't be a problem.
2.LITERATURE SURVEY:
Introduction:
Road accidents are a human tragedy. They involve
high human suffering and monetary costs in terms of
untimely deaths, injuries and loss of potential
income. Although we have undertaken many
initiatives and are implementing various road safety
improvement program the overall situation as

revealed by data is far from satisfactory. During the
calendar year 2010, there were close to 5 lakh road
accidents in India, which resulted in more than 1.3
lakh persons. These numbers translate intone road
accident every minute, and one road accident death
every 4 minutes.
The Commission for Global Road Safety believes
that the urgent priority is to halt this appalling and
avoidable rise in road injury and then begin to
achieve year on year reductions[4].
Road Accident Scenario in India:
According to official statistics, 430,654 were killed
in road traffic crashes in India in 2010 (NCRB
2010). The situation in India has worsened in recent
years. Traffic fatalities increased by about 5.5% per
year from 2009 to 2010. The loss to the Indian
economy due to fatalities and accident injuries
estimated at 3% of GDP in 1999-2000 is particularly
severe as 53.1% of road accident victims were in the
age group of 25 to 65 years in 2010, with
pedestrians, bicyclists and two-wheeler’s, who
comprise the most unprotected road users,
accounting for around 40% of all fatalities.
Keeping this problem in our mind we need design
the concept.That concept is used to stop vehicles on
the signal when red light on the traffic signal
appears and then allow the vehicle only when the
green light has appeared. After implementing this
system practically and in actuality, we can reduce
the accident rate by 70-80% every year. By this, we
can save many numbers of lives with just one
investment.
Background Study:
Arshad Ali [1](2019) proposed algorithm is tested
by using simulation techniques and the results are
very much satisfied. In the tested simulation work
some kilometer road was assumed with various
intersections on the road in the way of the
emergency vehicle up to destination. The vehicles
are using sensor system which is connected with
central control system of the signal in that particular
way.
The speed and various other parameters are gathered
from sensors mounted on traffic signals. Upon
detecting the presence of an emergency vehicle, the
sensors trigger the signal to turn green. This ensures
that the emergency vehicles like ambulances or fire
trucks are able to get a free passage through dense
traffic interactions. There is one sensory device
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installed at every intersection and another embedded
in the emergency vehicle. Now, these two devices
interact with each other. The device at the
intersection could detect an emergency vehicle
approaching from 500 m up to 1 km. Once detected,
the signal doesn't immediately turn green. Doing so
would result in chaotic situation the algorithm is
designed in such a way that it knows where the
ambulance is heading, and the exact time of
approach. Various parameters could be attributed to
that: speed, direction, latitude and longitude. The
pre-emption can be initiated at a particular distance
from the junction. This makes the technology
completely user provisional it can either be run from
a local traffic intersection, or remotely from a traffic
control center[1].
Ishant Sharma and Dr. Pradeen K. Gupta [2](2015)
proposed that by replacing the pretimed traffic
signals with the automatic traffic signals, capacity is
being increased and LOS is also being improved.
Detector technology to be used for the detection of
vehicles is Inductive loop which is commonly used
and simple to install, operate and maintain. When
pretimed traffic signals fail to clear off the
intersection by turning off the traffic signals and
handling the traffic manually on their own. This
problem can be solved by placing automatic traffic
signals. As automatic signals are saving the wasted
time and increasing the capacity the expensive part
can be tolerated and hence they can be provided at
Intersection. After 3 years Webster's method of
signal design fails to design the signal for the traffic
as the value of Y comes greater than 1. So at these
situation automatic traffic signals comes into play as
they will be detecting real-time traffic and assigning
the green time for the approach lanes to clear off the
traffic.
This project is developed for the users to control the
speed of the vehicle when it crosses School/Colleges
and to stop it when red signal in traffic. Near the
schools and colleges, a RF ID is connected. A RF ID
sensor is connected in the vehicle. The signal from
the sensor is given to the microcontroller through
driver section. The microcontroller controls the
speed of the vehicle. The vehicle motor is driven by
DC power supply. When the sensor senses the ID, it
sends signal to the microcontroller. The
microcontroller immediately controls the driver
section to control the speed of the motor. Therefore,

when the vehicle crosses any School/College, the
speed of the vehicle will be automatically reduced. It
also senses the red light in traffic signals and
accordingly stops the vehicle motor during red light.
This will prevent unnecessary accidents. The
microcontroller program is written in assembly
language. The microcontroller used in PIC16F73.
Sinhmar [3] (2012) proposed an intelligent traffic
light and density control using IR sensors and
microcontroller which optimizes the traffic light
control using microcontroller. The microcontroller
used in this research is 89451RD2 which is MCS51
family based IR transmitter and IR receiver is placed
on either side of the road. When a vehicle is passed
on a road between IR transmitter and IR receiver,
the IR system automatically gets activated and
counts the number of vehicles present and store in
its memory. Based on the vehicle count, the
microcontroller takes decision for the traffic signal
timings. In their research they proposed, first to take
input or image from the vehicles or object. Second is
to process the given input by microcontroller to the
computer and then finally it displays the traffic light
control using closed loop systems.
American Automobile Association [5](2019)
proposed an Automatic Emergency Braking with
Pedestrian Detection. Advanced Driver Assistance
System (ADAS) such as pedestrian detection rely on
a variety of sensors in order to gather data about the
surrounding environment. Every sensor consists of a
hardware and software component; the hardware is
composed of the physical parts necessary to emit
and/or receive electromagnetic radiation as well as
signal conditioning and data processing. The
software component is responsible for converting
raw data into useful information about the dynamic
environment around the vehicle as well as
determining an appropriate response.
It is important to note that more processing power is
required as system functionality becomes more
complex. These especially true if multiple
capabilities are integrated into a singular system. In
conjunction with processing capability, software
algorithms are largely responsible for system
performance. Many analysts believe future
developments in artificial intelligence and deep
learning will accelerate the development of fully
autonomous vehicles. A detailed discussion relating
to data processing and software design
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considerations are outside the scope of this work.
Sensors for vehicle systems can be grouped into one
of four categories including: 1. Radar (RAdio
Detection andRanging), 2. Image sensors (Cameras),
3. Lidar (Light Detection andRanging), 4. Ultrasonic
Sonar[4].
Evaluated pedestrian detection systems were found
to be ineffective within a low-ambient light
environment. Thus, finding is consistent with
limitations described within the owner's manual of
each test vehicle. It is important to note that test
conditions were representative of a roadway with no
streetlights; testing was conducted at an approach
speed of 25 mph; this is typical speed limit in many
residential areas that may not have street lighting.
This test illustrates that drivers must not rely on
assistance from current pedestrian detection systems
during night time driving or other environments
with reduced visibility[5].
SUMMARY:
Table No. 1
Title of the Paper Author Abstract Conclusion
Intelligent Auto Traffic Signal Controller for
Emergency Vehicle by Using Wireless Sensor
Network
Arshad Ali
The prime objective of
this project is to design wireless sensor based traffic
signal control system for the uninterrupted
movement of emergency vehicles[1].
The
proposed algorithm automatically detect emergency
vehicles and length of the que for self-configuration
and communicate with neighbouring nodes[1].

Study of Automatic Traffic Signal System. Ishant
Sharma,
Dr. Pardeep K. Gupta
This paper provides the
feasibility of replacing existing traffic signals with a
system to monitor the traffic flow automatically in
traffic signals where sensors are fixed in which the
time feed is made dynamic and automatic by
processing the live detection's[2]. It
can
be
concluded that the by replacing the pretimed Traffic
signals with the automatic traffic signals, capacity is
being increased and LOS is also being improved[2].
Intelligent Traffic Light and Density Control using
IR sensors and microcontroller.
Ms
Promila

Sinhmar The microcontroller used in the system is
89V51RD2 which is MCS-51 family based. The
system contains IR transmitter and IR receiver
which are mounted on the either sides of roads
respectively[3].
By using this system configuration we
reduce the possibilities of traffic jams, caused by
traffic lights, to an extent. No. of passing vehicle in
the fixed time slot on the road decide the density
range of traffics and on the basis of vehicle count
microcontroller decide the traffic light delays for
next recording interval[3].
Automatic Emergency Braking With Pedestrian
Detection
American
Automobile
Association, Inc. Current
pedestrian
detection
systems will warn the driver through an audible,
visual or haptic alert when it determines a
significant collision risk exists[5]. Never rely on
pedestrian detection systems to avoid a collision.
These systems serve as a backup rather than a
primary means of collision avoidance[5].
IOT based E- Challan Automation for RTO using
RFID SiddhantShivam , TusharTeotia , Shubam
Mishra &Himanshu Mittal The system consists of
'rfid tag' embedded on the vehicle. If the vehicle
having the tag crosses red light signal, the registered
mobile number will receive challan notification and
this information will also be sent to RTO database
[18].
Using automation to reduce signal jumping
will be a faster way comparatively. But, even this
system will only reduce the problem of signal
jumping and will not completely eliminate it[18].
Smart Traffic Light Controlling and Violation
Detection System using Digital Image Processing
Brhanu M , DiptiK.Sarmah
This
proposed system will detect the traffic violations by
using image processing. Another proposed system
will switch the traffic signal lights according to the
density of traffic and not time based. Highest density
of lane will have longer green signal as compared to
low density lanes.The image processing detection of
violating vehicles and drivers will not reduce the
traffic rule violation.The smart traffic control system
is good for allowing smooth and even flow of traffic
on all the roads equally.
Signal Jump Detection Process
RohitIyer,
RohitS.Garode, Aniket P. Bhoyar In this paper,
there is an an enhance view of the signal jump
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detection by recognition of number plate to reduce
number of accidents caused due to breaking of
traffic rules.
In this system, an application software is
designed for the
detection of number plate of vehicles using their
number plate.
At first plate location is extracted using edge
detection
operation then separated the plate characters
individually by
segmentation.

3.Analysis:
Red-light jumping is a dangerous and costly
problem. Deaths caused by red-light running are
increasing at more than three times the rate of
increase for all other fatal crashes. Lots of people
are injured in crashes involving red-light running
than in any other crash type. Reduction in red-light
running will promote and protect the public health,
safety and welfare of citizens.
Expected results if new concept is implemented are:
1. Reduction in graph of accidental death rate: Red
light jumpers have contributed majorly out of all the
other causes of road accidents. So after
implementing the concept, there will be a major fall
in the graph of accidental death rate.
2. Severe T-bone crashes will become next to zero:
A T-bone accident is one where the front of one car
or truck crashes into the side of another vehicle.
Broadside accidents most often occur at
intersections or where traffic overlaps when one of
the drivers fails to stop at a stop sign or traffic light,
or otherwise fails to yield the right-of-way to the
other driver. They’re usually caused by drivers
running red lights or not looking before making a
turn. Most of these accidents are caused by driver
negligence. Due to our concept drivers will have to
stop the vehicle strictly at a red light and there will
be no consequences related to T-bone crashes.
3. Reduces Fuel consumption due to idling: The
vehicles while waiting at signalized intersections are
generally found to be in idling condition, i.e., not
switching off their vehicles during red times.

Because of idling of vehicles during red times at
signalized intersections may lead to huge economic
loss as lot of fuel is consumed by vehicles when
they are in idling condition[19]. The situation may
even be worse in countries like India as different
vehicle types consume varying amount of fuel [20].
Only limited studies have been reported on
estimation of fuel loss due to idling of vehicles in
India [18]. So our project focuses to save the fuel
wasted at signalized intersections in major cities of
India by switching off the engines of vehicles.
4. Drivers can’t disobey the red signal: Our project
makes it compulsory to stop at red lights willingly
or unwillingly. So if a person tries to run over a red
light he can’t start the vehicle.
5. Easy cross-way for pedestrians: Due to the
increase of fast moving vehicles on the road,
pedestrian has to suffer more to cross the road,
which may lead to accidents. Accidents also occur
due to lack of facilities, geometric features and
guidelines. The random behaviour of traffic and not
following signals at intersections also contributes to
the suffering of pedestrians (mainly children and old
aged people). Due to compulsory stop of vehicles at
red signals these behaviour will controlled at a
major level.
4.CONCLUSIONS:
As we all are now aware about the arising problem
of signal jumping, the number of vehicles on road
intersections has greatly increased over the years
and so it has somewhat become mandatory for
everyone to jump signals fully unaware of the
consequences like fatal accidents people in large
number just do it. It is believed that doing so will
make them reach their destination sooner but it
results in an increase of the rate of loss of lives.
This will help reduce the accidental death rate and
thus help in increasing our country's GDP by 3%
every year [19].It will majorly add to the
development of our country. Just a small change in
our traffic system and boom! It will create a drastic
difference in the growth of our country.

189
People won’t be able to break red signals from now
onwards. And thus, all the accidents caused due to
the same will hence be stopped colossally.
Any vehicle moving on the road, reaching the road
intersections will then be automatically stopped as
soon as the red light on the traffic signal turns on.
The engine will be turned off and thus allowing the
vehicles on the opposite road to peacefully pass by.
The pedestrians will not have any problem crossing
the road whatsoever.
Because of this concept, the rate of accidents will be
reduced by 70-80% every year[18].Another major
profit from our project is that it will help us save
fuel. The fuel consumed due to idling during the red
light won't be the case anymore. As the engine will
be completely off during red signal.
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Abstract: India is a country with a population of 1.3 billion
and being a third world country, most of the people in rural
areas do not have a full time supply of electricity although
many people in rural areas have access to LPG cylinders for
cooking and it is rising steadily. Because of lack of an
uninterrupted supply of electricity people do not have
efficient household refrigerant system. This project aims at
providing low cost refrigeration system with the use of LPG
cylinders and can be used without constant electricity
supply.
The critical concept behind the working of this refrigeration
system is to harness the energy used for storing pressurized
LPG to provide efficient cooling. The gas is liquefied under
pressure is already a valid refrigerant this gas is expanded
using an expansion valve which results is low pressure and
temperature. The gas exiting from the other end of the valve
can the further used for cooking or other domestic use. To
continue the cooling when there is no need of LPG, this
system is coupled with a conventional refrigeration system
working on the VCRS.
The results obtained from the previous studies and research
show that the refrigeration effect obtained is 268.66 Kj/Kg.
Although the energy required to fill LPG cylinder is not
known precisely it is taken as 0.217 KwH. By seeing the
above values as input, the COP of LPG refrigerator obtained
is 6.0 which is higher than the domestic refrigerator. This
system consumes no outside energy and has no moving parts
resulting in low, if not no maintenance.
The LPG refrigeration system produces cooling effect
without using any outside energy and also has a COP values
higher than most of domestic refrigerators (COP=3 working
on R600 refrigerant). However the cooling effect stops as
soon as LPG supply is cut off. To overcome this challenge,
this project aims to combine both LPG & domestic
refrigerator system to achieve efficient & low cost cooling.
KEYWORDS: Refrigerating effect, LPG, Compressor,

Ritesh Shinde
Student, Department of Mechanical
Engineering
Thakur College of Engineering and
Technology(TCET)
Mumbai, India
riteshshinde@gmail.com

Uddhav Nimbalkar
Department of Mechanical
Engineering
Thakur College of Engineering and
Technology(TCET)
Mumbai, India

INTRODUCTION:
The project is set up with the goal to create efficient
refrigeration, using LPG as a supplementary refrigerant
it is aimed to reduce the avoidable pressure drop loss
after the LPG gas comes out of the valve and use it to
produce cooling effect.
Today we live in an age where the demand for fossil
fuel and other types of fuels is increasing rapidly There
is a need to save energy or utilize it with utmost
efficiency could prove only beneficial to us in the long
run. Using the available resources without wasting and
extracting as much energy as possible is very crucial in
these times. By keeping in mind the value of these
energy sources, we could not only save loads of money
but also learn to use the resources more wisely,
converting the energy in more useful form than the
other, extracting the work which could otherwise be
lost and funneling the work to meet its desired purpose
should be our goal.
Currently people are using conventional refrigerator
working on electricity because of available electricity
supply in cities while the rural areas are struggling with
electricity for them refrigerator powered by liquid
petroleum gas is best option, people can use the same
liquid petroleum gas for cooking and also for
refrigeration this would be very much convenient
compared to electric refrigeration in rural areas.
OBJECTIVES:
The sole purpose of this experiment is to utilize the
high pressure of the LPG gas which is stored in the
cylinder
to produce
refrigerating
To achieve this
Condensor
, Expansion
device,effect.
VCR Cycle
goal, we have to
1) Drop the high pressure gas coming from the cylinder
to a certain low pressure.
2) To circulate this low pressure gas throughout the
defined system.
To plan exit for the gas from the system so as to further
use
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VCR CYCLE:
The vapour compression refrigeration cycle, commonly known as
VCR cycle is one of the preferred cycle used for domestic
cooling. This method employs four steps through which the
refrigerant has to pass in order to complete the cycle. The
refrigerant in use has to go through phase changes from vapour to
liquid and back to vapour, thus the name of the cycle. The
temperatures which are operating in the cycle are also taken into
account with respect to the refrigerant. The temperature of the
fluid must not drop too low for the fluid to freeze and it should
not rise too high for the fluid to boil. The refrigerant is selected
according to the purpose and use of the machine. The process is
basically an application of the second law of thermodynamics
and works on the principle of joule Thompson effect. This cycle
is predominantly used in domestic refrigerators, heat pumps, air
conditioners in buildings and automobiles, etc.
The VCR cycle comprises of mainly four stages:about to enter the expansion device for the next stage.
evaporator which is in vapour-liquid form.
Evaporation: As the fluid enters the evaporator from the
expansion valve, it changes its state from vapour-liquid to
vapour. Since the refrigerant is at a lower temperature than its
surrounding, the refrigerant absorbs latent heat of vaporization
from its surrounding and thus the refrigeration t forcombustion1)
Fig-3: Flow diagram of of Hybrid Refrigerator
WORKING:
Starting from LPG refrigerator , high pressure LPG gas is
supplied to the expansion valve which is capillary tub and due to
friction high pressure LPG gas is converted into low pressure gas
. this low pressure gas is provided to the evaporator where it
absorbs the heat and proceeded to the gas burner .
When we want to off the burner then the refrigerator is switched
to the VCR system where the low pressure refrigerant will
absorbs the heat from evaporator and sucked by the compressor
and proceeded to the condenser and converting it to high pressure
. this high pressure refrigerant is again feeded to the expansion
valve and the cycle goes on .
There are four processes in this cycle namely
1.Compression
2. Condensation
3.expansion &
2.Evaporation.
For expansion , refrigerant get into throttling device , during
evaporation refrigerant temperature and pressure decreases
resulting in increase in volume . Because of these changes, the
refrigerant leaves the throttle as a liquid vapor mixture.
Throttling valves can be used as maintain constant pressure
differential between condenser and evaporator pressure .

At fourth stage , in evaporator refrigerant temperature
is very low .Therefore, it evaporates and absorbs latent
heat of vaporization converting into gaseous phase .
Heat extraction from the refrigerant happens at low
pressure and temperature. Compressor suction effect
helps maintain the low pressure.
CONCLUSION:
It is observed that the LPG refrigeration system
apparatus checks all the objectives set forth. The predetermined values and phases obtained using
simulations were nearly accurate. The phase changes
resulting due to the pressure difference between
atmosphere and the cylinder was used to obtain cooling
effect. The design of the apparatus makes it easy for
installation alongside existing LPG cylinders.

RESULT:
Condensation : In this stage the high temperature and pressure
More
efficientWhen
use oftheenergy
is done
to achieve
thethe expans
Expansion:
sub-cooled
refrigerant
enters
refrigerating effect and simultaneously saving electrical
cost of running a conventional refrigerator which
results in financial savings also.
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Abstract—The rising standard of living of the population has

resulted in rapid boost in the construction and infrastructure
sector. As a result, the consumption of concrete has been
increasing. To meet the various requirements of the structure,
admixtures and plasticizers are added to concrete to enhance
its conventional properties. But the production of admixtures
involves various chemicals which in return deteriorate the
environment. At the same time, the increasing population ha s
resulted in higher demand of edible food items which
primarily include fruits and vegetables. The higher the
consumption, higher is the waste generated. The waste, being
organic in nature, leads to soil and water pollution and also
produce greenhouse gases. Also, it becomes difficult to
transport and handle the waste. Thus, to produce an
environment friendly alternative to the admixtures and to
utilize the organic waste, fruits and vegetables matter can be
used to produce biological enzymes. This paper deals with the
production and application of biological enzymes in concrete.
This will not only reduce burden on environment but also ha s
useful domestic and industrial applications.
Keywords—Bio-Enzymes, Admixture, Organic waste

I. I NTRODUCTION
In this era of rapid growth and development, various streams
are going through a change whether it is timely or overnight
but, the change is unavoidable because o f t h e in -d ept h
research of a particular field. One such field is civil
engineering. From using stones, wood and leaves to make
houses this field saw a consistent behavior of change. One
such development is use of concrete. Concrete has proved
as a boon for civil industry. Production or say makin g o f
concrete is done at every scale whether small houses or big
bridges. The chemical admixture used during the make not
only increases the cost of concrete but also promotes the use
of chemicals. Thus, making bio-enzyme out of waste citrus
fruits, vegetables and adding them in concrete as admixture
instead of chemical admixtures results in better solid waste
management and reduces the cost of concrete.
II. LITERATURE SURVEY
Literature survey is a process of referring or screening
through research work of different authors, researchers,
engineers etc. to get a fair idea about the context and
previous work done. In our case after referring few papers
till date we were able to conclude the points as below.
1. The optimum quantity of bio-enzyme used as a n
admixture in concrete enhances the compressive
strength of the concrete. [1]
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2. The effect of citric acid with concrete can be
persuasive, if exceeded in quantity results in
deterioration in quality of concrete. [2]
3. initial & final setting time of concrete is grea t ly
influenced by the addition of citric acid. [3]
4. Admixtures such as accelerators,
superplasticizers; Sulphonated Naphthalene
Formaldehyde condensates (SNF) and
Polycarboxylate Ether (PCE), when combined
with a reduction in w/c gave a higher
compressive strength, lower surface absorption
and lower permeability than reference
conventional concrete. [4]
5. Up to a specific limit (1.0%) with the increment
of superplasticizer dosage the compressive
strength is improved and it is compared with a
control specimen which fabricated without any
SP. [5]
6. The effective range of dosage is 0.6-1.0%. [5]
7. The slump loss also increases with the increase in
the dosage level of admixture. [6]
III. OBJECTIVES
• To study the behavior of bio-enzyme added in concrete
instead of chemical admixtures
• To study and compare the setting time, consistency,
soundness etc.
• To assess the strength of concrete with respect to the
standard chemical added admixture concrete.
• To observe the durability of concrete.
• To reduce the organic waste generated by fruits and
vegetables.
IV. M ETHODOLOGY
•

•

Preparation of Bio Enzyme – A plastic container
of suitable size is filled with peels of
fruits/vegetables, jaggery and water in the
proportion of 1:3:6. After mixing it properly. The
container is to be kept undisturbed for a period of
about 90 to 100 days. In this period, the container
should be opened at regular intervals in ord er t o
make the gas formed escape.
Testing of Bio-Enzyme – The enzyme prepared
is to be tested for various tests like initial and final
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•

•

•

•

setting time, soundness test, standard consistency
test etc.
Preparation of controlled mix – A suitable mix
of M20 grade is to be prepared in order to further
test the behavior of enzyme added. Enzyme as per
different required quantities is to be added to this
mix. Another controlled mix of similar M20 grade
with chemical admixture shall be prepared for
comparison.
Casting of concrete cubes – Standard size cubes
used for testing shall be filled with the abovementioned concrete mix. At least three cubes f o r
each type of enzyme are to be made.
Testing of cubes – Cubes made are to be tested at
14 and 28 days for compressive strength. Few sets
of cubes shall also be tested for a longer duration
in order to view the durability of concrete.
Permeability of cubes is also to be tested.
Analysis – After testing, data obtained is
compared and several graphs are p repared f or
better interpretation of results.

V. RESULT AND DISCUSSIONS
The result and discussion expected shall be disclosed on the
completion of experiment. Also, from the previous
observations, it was found that when the bio-enzyme wa s
tested with OPC 53 grade cement, the setting time was
found to be 9 minutes. Further, when the vegetable-based
bio- enzyme was tested with concrete, during curing t h ey
were found disintegrated due to lack of bonding between
them. Bio Enzyme was tested with concrete, during curing
they were found disintegrated due to lack of bonding
between them. Change in the setting tim e, st ren gt h an d
durability is expected.
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Abstract— Marine clay is a soft soil that could be found
widely at the offshore and coastal areas. This type of soil is
usually associated with poor soil properties, high instability
and settlement that are not suitable for engineering
requirements and low unconfined compressive strength.
Considerable failure could occur even with light loads. This
kind of soil is considered as problematic due to the presence of
high moisture content. Moreover, due to the increasing
demand of construction at offshore and coastal areas which
have the marine clay, many attempts have been made to
stabilize this kind of soil in order to solve the geotechnical
related problems. Some of the common stabilization methods
used to improve the properties of marine clay are cement and
lime stabilization. The analysis of these stabilizing agents used
in different parts of the world at different point of time is
discussed here.
Keywords- Marine Clay, Stabilization, Cement treatment, lime
treatment.

I.

I NTRODUCTION
The continuous increasing population has called for
infrastructural development in the coastal areas which has a
lot of marine clay deposit. Constructing these infrastructures
needs a good foundation soil. However, marine clay is n o t
suitable for the said purpose. Marine so f t C la y p resen t in
coastal areas is identified with high compressibility, high
water content and low strength. It is not direct ly u sed a s a
foundation due to the problems associated wit h it su ch a s
settlement, stability and strength issues. The problematic
soil formations found around the world may not be
appropriate for constructing stable structures. Ground
improvement of weak soils became inevitable solut io n d ue
to unavailability of good bearing soil deposits in that regio n
to build the various civil infrastructures [1].To improve t h e
engineering characteristics of the problematic so ils in civ il
engineering applications, the most common and easily
accessible materials are cement and lime. This paper focuses
on results of use of cement/lime with other additive
materials and performance of such stabilized soil with
respect to time and environmental factor. Along with the
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effects of the stabilization on geotechnical properties such as
UCS, yielding strength, consistency, stiffness,etc.

II.

LITERATURE SURVEY.
A. Cement Stabilization.

P. Subramaniam et al (2020) presented a study of the
maximum shear modulus, shear m odu lus red u ct ion , an d
damping.ratio of cement-treated marine clay for a wide
range of shear strain .Results show that the maximum sh ear
modulus increases by 88%, 131%, and 282% for clays
treated with cement contents of 5%, 7.5%, and 10%,
respectively, for 100 kPa confining pressure. For clay
treated with 5% cement content and cured fewer than 30 kPa
stresses, at a very small strain level, the shear modulus
increases by about 37%, while the confining pressure
increases from 100 to 200 kPa. However, the increase in
shear modulus reduces to 7% for specimens cured under 9 0
kPa stress and increase in shear modulus is more promin en t
at a smaller range of shear strains (<0.01%). [2]
Chuanxin Du et al. (2019) carried out a study in which
cement-based composites consisting of cement, NaOH,
silica fume and plant ash were used to stabilize marine clay.
The results from the laboratorial experiments conducted
were used to analyzing the effect of salt concent ratio n a nd
set up the mathematical models. The salt content of 0 – 21%
was selected to be added to the marine soft clay. The impact
of salt concentration on the strength of stabilized clay was as
the strength decreased with the increasing salt co ntent . At
the same salt content, the strength of the stabilized sa mples
increased with the curing time. [3]
Gyeongo Kang et al. (2017) studied the variations in the
liquid limit of cement treated marine clayey soil by
changing the sand and cement contents. It was shown that
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the same sand content with a much higher cement co nt en t
led to smaller liquid limit values. The liquid limit value with
a small amount of cement was the highest; it then decreased
with the increase in cement content. [4]
HuaWen Xiao et al. (2014) presented the results of the tests
on the primary yield and post yield behaviour of cement
treated marine clay, based on the triaxial t est s con ducted
over a wide range of mix ratios and different curing
conditions. The normalized yield loci of these p re -yield ed
samples showed a collapse from steep arches to morerounded ellipses, while the yield loci expanded with
isotropic pre-compression pressure. In the field, cementtreated soil masses are more likely to be in pre-yield ra t her
than post-yield states. [5]
Zang Dingwen et al. (2013) performed a study which
focuses on impact of sodium chloride salt o n t h e st ren gth
and stiffness properties of cement stabilized M arine cla y.
The results obtained showed that unconfined co mpressio n
strength of specimens increases with the increasing of
cement content and curing time. Also that the higher the salt
concentration, higher was the percentage of strength loss for
certain cement content and reduces the stiffness o f cement
treated soil. [6]
Hino et al. (2012) studied mechanism of the ground
environment change and its effect on the strength of
cement/lime treated clays are investigated. Th e ch ange o f
ground environment is due to the secondary oxidation which
results in low pH value and high organic content. This
ground environment change deteriorated the strength of
improved soil in deep mixing method. The init ial st ren gt h
increase of the improved soil is related to the dissolved
silica and it needs long time. The strength decrement o f t h e
improved soil is due to the formations of the porous
structures result from the elution of the calciu m io n s f rom
the treated soil. [7]
G. Gerald Moses and S. Narasimha Rao (2010) stu died t h e
quantification of undrained response of the seafloor soil
subject to cyclic shear loads. Also, determination of factors
influencing cyclic strain to bring out the factors influencin g
the cyclic degradation in soft Indian cemented marine cla y
subjected to cyclic loading and an empirical model was
proposed to determine the degradation of soil due to
increase in strain and pore water pressure. For the stress
levels below the preconsolidation pressure, the cyclic
loading has brought about the collapse of the cementat io n
bond through an increase in strains, and at higher p ressure
ranges, the soil behaves like typical soft clay. Total axial
strain and normalized pore water pressure are found to b e a
function of time and normalized cyclic stress. [8]
A.P Panda and S. Narasimha Rao (2008) studied the
behavior of naturally cemented marine clays often found in
many coastal and offshore. The cementing agent emplo yed
in the present study was laboratory grade hydrated lime,
added in the amount of 3% by weight of dry soil. The results
show that cemented soils display smaller stra in a t failu re,
higher strength, a gradual reduction in shearing resistance

with increase in consolidation pressure, and a nonlinear
failure envelope in effective stresses. [9]
B. Lime.
Yunus et al (2016) studied the behaviour of lime-treated
organic clay on strength and compressibility behavio r was
determined with respect to three main factors: lime conten t,
humic acid content, and curing period. The shear strength of
lime-treated organic clay reduces when the lime content
exceeds 5%. Thus, 5% of lime is identified as the Optimum
Lime Content (OLC) for the clay tested in th is st u d y. Th e
shear strength of the lime-treated organic cla y red uces a t
longer curing periods. The oedometer test result s rev ealed
that the compressibility behaviour of lime-treated inorganic
clay (i.e. 0% humic acid) was slightly improved at longer
curing periods (i.e. 28 days). In addition, the compressio n
index, Cc increased from 7 to 28 curing days.
Dongxing Wang et al. (2011) conducted a n ex perimental
study on the effect of treatment on the liquid limit with
respect to the increase in the cement and lime content.. Th e
results were observed that there was an increase in the liquid
limit of about 48% to 68% with an increase in cem ent a nd
lime content. There is also an increase of plastic limit of
marine sediments treated with cement and lime as compared
to the untreated sample. Also, there is a shift in the
classification of materials but furthure increase in stabilizer
content does not lead to a shift cange in material
classification for the studied material.
G. Rajasekaran (2008) carried out a detailed laboratory
investigation to study the lime induced changes in m arin e
clay. The result we're found out that there was a signif icant
decrease in compression index values from 0.85 to 0.36 and
an increase in the consolidation pressure values from
36KN/m^2 to 82KN/m^2. The use of calcium chlorid e and
calcium sulphate admixtures with quicklime is eff ect ive in
improving the soil behavior but one should be cautious
while using it in places contaminated with sodium sulphate.
S Narasimha Rao (1996) carried out a study which
f ocuses to bring out and conf irm that the lime
treatment can improve the engineering behaviour of a
marine clay and the improvements are at tribut ed t o
certain physical and chemical changes occurring in the
system. It was found that the improvement in t he s oil
due to lime treatment can be mainly due to f ormation
of cementation compounds and some of these
compounds are identified using XRD technique.
C. Ash.
Cheng Quiangquiang et al. (2018) investigated the effect o f
fly ash on strength development of cement clay admixt ure.
The results obtained showed that the specimens had sim ila r
failure modes in the CID tests. The average failure angle
was 59°. The cohesion and angle of shearing resistance was
230.5 kPa and 52.8° respectively as obtained f rom M oh r's
circle. The CID test results showed that there was a
difference in the specific volume between the pre an d p o st
yield. The primary yield stress was found to be 326 kPa f or
FAC admixed clay. The problem with this study was that a
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particular dosage of FAC was only taken, the results of
which may differ with other dosages. [10]
Huawen Xiao et al. (2017) presented a comparative study of
the UCS, tensile strength, small-strain modulus, and
isotropic yield stress of marine clay treated wit h d if f erent
mix ratios of ordinary portland cement and a blended
cement with fly ash. The effect of curing time is first
examined. The results of UCS indicate that FAC -admixed
clay specimens have significantly lower early strength t han
OPC-admixed clay specimens with the same mix ra tio .Fly
ash does not contribute to early-age strength dev elo pmen t.
But fly ash contributes to long-term strength d evelo pment
due to pozzolanic reactions. The development of initial
shear modulus of small strain shear modulus with curing
period for both the admixed clay specimen wa s sim ilar t o
other properties. [11]
Dongxing Wang et al. (2017) investigated the long term
(360days) improvement of mechanical characters of dredge
marine clay stabilized with cement, lime and f ly a sh .. Th e
results prove that the addition of binder imposes a beneficial
effect on the engineering properties of sediments. Fo r 3 6 0 day cured specimens, an increase in lim e/ cemen t co nt ent
from 3 to 9% contributes to a continuous increase in
compressive strength and deformation modulus b ut causes
an important decrease in failure strain. Excess amount of fly
ash reduces the mechanical characters of cement/lim e p lu s
solidified sediments. [12]
Show et al (2003) evaluated the usage of Fly Ash (FA) and
Slag (S) geopolymers for the ground improvement of a so ft
clay, under low to medium load bearing structures, su ch as
embankments and earth structures. This research in d icat ed
that an increase in the binder content, by up to 30%,
increased the UCS values and stiffness of both the
geopolymer stabilized and the traditional stabilized
mixtures. However, the rate of strength d evelo pment wa s
lower once the binder content exceeded 20%. Moreover,
excellent correlations were found between UCS and E50, as
well as between UCS and R. Overall, a 20% geopoly meric
binder content with the CIS + 5% FA + 15% S mixture was
found to be the optimum binder content; it ca n b e u sed in
high water contents ranging from 0.75 to 1.25 LL. [14]
Seyed Esmaeil Mousavi (2016) carried out a st u dy wh ich
primarily focuses on the use of peat ash as su pplementary
material for cement in stabilizing the soft clay with silica in
the laboratory. The result was found out that the binder
composition of the stabilized soil specimen with 14% OPC ,
12% PA, 5% SS enhanced the UCS by about 1 .9 t imes t o
the untreated specimen in 28days of curing and it also
exceed the minimal required UCS of 345 kPa for stabilized
clay as stipulated by ASTM. [13]

III.
1)
2)

3)
I V.

CONCLUSION.
The strength development of soil stablilized with
cement is greater that lime
Fly ash behaves differently with cement and lime. It
improves evidently the compressive strength and
deformation modulus of lime-solidified sedim ent s b ut
weakens the mechanical perform ance of cementsolidified sediment.
The increase in salt content leads to decrease in strength
of the stabilized soil.
REFERENCES .

[1] A. Geethu Thomas and B. Kodi Rangaswamy, "Strength behavior of
enzymatic cement treated clay," International Journal of Geotechnical
Engineering, 2019.
[2] P. Subramaniam and Subhadeep Banerjee, "Dynamic Properties of
Cement-Treated
Marine Clay,"
International
Journal
of
Geomechanics, 2020.
[3] Chuanxin Du, Jinli Zhang, Tingting Zhang, and Qing Yang, "Effect of
salt on strength development of marine soft clay stabilized with
cement-based composites," Marine Georesources and Geotechnology,
vol. 38, no. 6, pp. 672-685, July 2020.
[4] Gyeongo Kang, Takashi Tsuchida, T. X. Tang, and T. P. Kalim,
"Consistency measurement of cement-treated marine clay using fall
cone test and Casagrande liquid limit test," Soils and Foundations,
vol. 57, no. 5, pp. 802-814, Oct. 2017.
[5] Hua Wen Xiao, Fook Hou Lee, and Kheng Ghee Chin, "Yielding of
cement-treated marine clay," in Soils and Foundations, vol. 54, 2014,
pp. 488-501.
[6] Zhang Dingwen, Fan Libin, Liu Songyu, and Deng Yongfeng,
"Experimental Investigation of Unconfined Compression Strength and
Stiffness of Cement Treated Salt-Rich Clay," Marine Georesources
and Geotechnology, vol. 31, no. 4, pp. 360-374, Oct. 2013.
[7] Takenori Hino, Rui Jia, Seiji Sueyoshi, and Tri Harianto, "Effect of
environment change on the strength of cement/lime treated clays,"
Frontiers of Structural and Civil Engineering, vol. 6, no. 2, pp. 153165, June 2012.
[8] G. Gerald Moses and S. Narasimha Rao, "Degradation in cemented
marine clay subjected to cyclic compressive loading," Marine
Georesources and Geotechnology, vol. 21, no. 1, pp. 37-62, Jan. 2003.
[9] A. P. Panda and S. Narasimha Rao, "Undrained strength
characteristics of an artificially cemented marine clay," Marine
Georesources and Geotechnology, vol. 16, no. 4, pp. 335-353, 1998.
[10] Qiangqiang Cheng, Kai Yao, and Yong Liu, "Stress-dependent
behavior of marine clay admixed with fly-ash-blended cement,"
International Journal of Pavement Research and Technology, vol. 11,
no. 6, pp. 611-616, Nov. 2018.
[11] Fook Hou Lee. Huawen Xiao, Wanghui Shen, "Engineering Properties
of Marine Clay Admixed with Portland Cement and Blended Cement
with Siliceous Fly Ash," Journal of Materials In Civil Engineering,
2017.
[12] Dongxing Wang, Rachid Zentar, Nor Edine Abriak, and Shengjie Di,
"Long-term mechanical performance of marine sediments solidified
with cement, lime, and fly ash," Marine Georesources and
Geotechnology, vol. 36, no. 1, pp. 123-130, Jan. 2018.
[13] Seyed Esmaeil Mousavi, "Stabilization of compacted clay with
cement and/or lime containing peat ash," Road Materials and
Pavement Design, vol. 18, no. 6, pp. 1304-1321, Nov. 2017.
[14] Kuan-Yeow Show, Joo-Hwa Tay, and Anthony T C Goh, "Reuse of
Incinerator Fly Ash in Soft Soil Stabilization," Journal of Materials In
Civil Engineering, 2003.
[15] Cike Tu. Huayang Lei, Jinfeng Lou, Xin Li, Mingjing Jiang,
"Stabilization Effect of Anionic Polyacrylamide on Marine Clay
Treated with Lime," International Journal of Geomechanics, 2020.
[16] Dong Xing Wang, Rachid Zentar, Nor Edine Abriak, and Wei Ya Xu,
"Experimental investigation on consistency limits of cement and lime-

198
stabilized marine sediments," Environmental Technology (United
Kingdom), vol. 33, no. 10, pp. 1197-1205, 2012.
[17] G. Rajasekaran and S. Narasimha Rao, "Effect of pollutants on the
physical and engineering behavior of lime-treated marine clay,"
Marine Georesources and Geotechnology, vol. 19, no. 1, pp. 17-35,
2001.
[18] Pei Chen Wu, Jian Hua Yin, Wei Qiang Feng, and Wen Bo Chen,
"Experimental study on geosynthetic-reinforced sand fill over marine
clay with or without deep cement mixed soil columns under different
loadings," Underground Space (China), vol. 4, no. 4, pp. 340-347,
Dec. 2019.
[19] Abdullah Ekinci, Ceren Ince, and Pedro Miguel Vaz Ferreira, "An
Experimental Study on Compression and Shrinkage Behavior of

Cement-Treated Marine Deposited Clays," International Journal of
Geosynthetics and Ground Engineering, vol. 5, no. 3, Sep. 2019.

Multicon-W:-ICAMCE-2021

A Review Paper on Effect of Partial
Replacement of Coarse Aggregate by Jhama
Brick in Concrete Mix
Burhan Wani
Department of Civil
Engineering Thakur College
of Engineering and Technolo gy
Mumbai
burhanwani001@gmail.com

Suraj Sharma
Department of Civil Engineering
Thakur College of Engineering
and Technolo gy Mumbai
surajsharma230499@gmail.com

Avanish Rai
Department of Civil
Engineering Thakur College of
Engineering and Technolo gy
Mumbai
avnishrai23@gmail.com

Shravani Revdekar

Prof. Ghanshyam Pal

Department of Civil Engineering
Thakur College of Engineering and
Technolo gy Mumbai
shravani_rev@yahoo.com

Department of Civil Engineering
Thakur College of Engineering and
Technolo gy Mumbai
ghanshyamp89@gmail.com

Abstract— Concrete typically comprises of water,
cement, and aggregates in which aggregates are 60 80% in concrete mix. Nowadays there is supply
scarcity of aggregates and quality constrains. This
research was conducted to study the suitability of
jhama bricks in concrete mix. The concrete cubes of
grade M45 was used in this trial to explore work and
the coarse aggregates were partially replaced with
jhama brick aggregates in 30% and 50% proportions
in concrete mix. The properties of concrete like
compressive strength, workability, permeability was
computed at 7, 14, 28 days and the general properties
of concrete were analyzed
Keywords- Experimental, Investigation, Over Burn
Brick, Coarse Aggregate, Concrete.

I.

INTRODUCTION

As we know there is a rapid increase in urbanization
in the entire world, subsequently the cost of
construction is also on its acme and on the other
hand as population increasing with rapid rate the
government and developers needs high rise
structure. To cope up with the cost of construction
researchers are in quest of new material and its an
axiom that concrete is made up of three vital material
that is cement, fine and coarse aggregate. Due to the
increase in demand of construction there is scarcity
of aggregate. So to overcome this situation
researchers are replacing coarse aggregate with
burnt brick in different proportion. So we are going
to carry out research on the concrete when natural
coarse aggregate is partially replaced by jhama class
brick or burnt brick.
II.

LITERATURE REVIEW

Mr. Buddhi Raj Joshi (2020)… The research was
done to know the suitability of over burnt brick as a

coarse aggregate in concrete . In this author mainly
focused on the parameter of compressive strength of
the concrete. They replaced brick by 25%, 50%,
75%, 100% for making M20 grade of concrete. They
performed compressive strength test at an interval of
7 & 28 days and after results they came to know that
the compressive strength after 28 days was 24.9
MPa 22.4 MPa at w/c ratio 0.45 & 0.5 respectively.
They concluded that if they decrease the w/c ratio
then compressive strength will increase.
Bidve Shivkanth, G. N. Shete (2019).. The author
used M30 grade concrete for analysis and observed
that with increase in percentage of over burnt brick
bat waste workability decreases. 3% increase in the
compressive strength is found for 20% replacement
of coarse aggregate by over burnt brick bat waste
and the strength decreases by 3.3% when the 40 %
of coarse aggregate is replaced by over burnt brick
bat waste, by using aggregate cement ratio is 4.2 and
water cement ratio is 0.45.study concluded that over
burnt brick bat waste can replace coarse aggregate
up to 20%. Also 7.1% increase in the flexural
strength is found for 20% replacement of coarse
aggregate by over burnt brick bat waste.
K Roja, A S Kumar (2018)…In this paper the author
aimed to design the mix proportion of M40 grade of
concrete. And they stated the study of strength
properties of concrete like compressive strength and
tensile strength and unit weight for M40 grade of
concrete by replacing the coarse aggregate with over
burnt bricks at 0%, 25%, 50%, 75% and 100% for
7,28 and 56 days and they concluded that there is an
increase in compressive strength and split tensile
strength at 25% at all ages i.e 7 days, 28 days and 56
days and decreases with further increase of over
burnt bricks.
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S Kanchidurai et. Al. (2017)…In this paper writer
focused on partial and complete replacement of over
burnt brick of 20 mm as coarse aggregate in the
concrete . They deliberately burnt the brick in kiln at
1600°C and they replaced brick by 25%, 50%, 75%
& 100% as coarse aggregate for making M20 grade
of concrete . Total 36 cube of size 150mm x 150mm
casted and tests like compressive strength, split
tensile strength & waster absorption test performed
. And in result they got compressive strength value
as 30.18, 24.6, 16.4 & 12.06 Mpa by replacing 25%,
50%, 75%, 100% respectively. They concluded that
replacement of 25% is suitable for all three
parameters.
Nilesh Kumar et. Al. (2017)… Concrete cube
beams and cylinders of M25, M30, and M35 grade
were used for analysis. Compressive strength,
tensile strength, flexural strength and workability
with over burnt brick in concrete was used with
proportion of 10%, 20% and 30% in concrete with
the age of 7, 14, 28 and 50 days of curing. The value
of slump or workability decreases with the increase
in replacement of over burnt on M25, M30 and M35
grade of concrete. The compressive strength on
partial replacement of over burnt bricks from 10% to
30% replacement decreases but the variation is very
small ad the strength is within the targeted limit.
Sachin Kulkarni, A. A. Momin (2015)…Brick
aggregates in proportion 1:1.5:1, 1:1.5:2, 1:1.5:3
partly replace the conventional coarse aggregate to
produce M20 concrete. Compressive Strength for
over burnt brick aggregate concrete found
comparatively higher than the normal aggregate
concrete. Bulk density of brick aggregate (over burnt
brick aggregate + normal burnt brick aggregate) is in
the range of 1000kg/m³ to 1200kg/m³. Hence brick
aggregate can be considered as light weight
aggregates.
G. S. Patil, P. B. Autade (2015).. used jhama bricks
as a coarse aggregate by partially replacing the
coarse aggregate in conventional concrete. They
replaced the coarse aggregate by 20%, 40%, 60%,
80% with jhama brick in M40 grade of concrete.
After making concrete mix by using jhama brick
they observed that the workability of concrete
reduced. They performed test on hardened concrete
like compression test, split tensile test, flexural
strength test at an interval of 3,7 & 28 days. They
concluded that if the percentage of concrete kept at
20% or 40% the strength is more than the
conventional concrete strength & if percentage
increases by 60% or 80% the strength decreased and
other parameters also decreased.

Apebo N. S et. Al. (2014)... Author carried out a test
to determine the fresh & hardened properties of
concrete made from over burnt brick as coarse
aggregate. They used mix ratio 1:1.24:2.48 with
various w/c ra tio such as 0.4, 0.5, 0.55, and 0.6.
After performing test they concluded that the density
of concrete made from brick aggregate was 20002200 kg/m³ and of natural aggregate was 2300-2400
kg/m³. The compressive strength was 29.5 N/mm² of
brick aggregate concrete and 30.8 N/mm² of natural
aggregate concrete. They suggested that by reducing
the w/c ratio from 0.6 to 0.4 strength can be
increased more than the conventional concrete
strength.

M. B. Iorwua et. Al. (2013)…In this paper they used
mix ratio of 1:2:4. The coarse aggregate was a
mixture of crushed burnt bricks and natural
aggregate in the proportions of 0:4, 1:3, 2:2, 3:1 and
4:0 of crushed burnt bricks to gravel . W/C ratios of
0.45, 0.50 and 0.60 were used. After performing
compressive strength test they concluded that if they
use proportion 0:4 (exclusive stone aggregate) then
after 28 days the strength value is 21 N/mm² and if
proportion is 4:0 (exclusive brick aggregate) then
strength value is 26 N/mm² for w/c ratio of 0.45. The
density of concrete produced by using brick
aggregate was 2000-2000 kg/m³. They suggested
that over burnt bricks can be used to produce light
weight concrete and therefore they can be used on
low bearing capacity soil.
Tariq Ali et. Al. (2013)… Concrete cubes of M5,
M10, M15, M20, M25 was made at 5%, 10%, 15%,
20% proportion on which slump value,
compressibility strength, compaction value, flexural
strength and unit weight test were done. They
observed a decline in the unit weight, adequate gain
in Compressive Strength. As the percentage of
replacement was increased there was significant
decrease in the unit weight & in compressive
strength also.
III.

CONCLUSION

1.
Over burnt bricks can be used partially to
produce high compressive strength concrete with
reduced weight.
2.
Crushed over burnt bricks can be used to
produce concrete with lower weight and hence can
be used on low bearing capacity soils.
3.
Use of crushed over burnt bricks could aid
in sanitizing the environment.
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Abstract-Traffic flow modeling becomes important
when a traffic stream has flow more than its capacity.
The traffic flow modeling evaluates a traffic stream
under various varying conditions. The Western
Express Highway in Mumbai is vastly different from
other roads of the city as it’s a major Highway which
connects the Sub-urban Mumbai (Starting from
Dahisar) to its Southern Counterpart and is about 25
kilometers long. Beyond Dahisar it extends as the
National Highhway-8 (NH 8) which links Mumbai to
Delhi. This road carries an immense amount of
Heterogeneous traffic & faces all types of Problems
an Arterial road can face in India due to such traffic
conditions and also due to lack of traffic discipline in
India. In present situation the Western Express
Highway is facing additional problems because of
Mumbai Metro Phase-3 Construction. Hence there
rises an urgent need to find a method to for optimum
utilization of the highway without having to change
much of the existing road ecosystem.

IntroductionTraffic congestion is a normal phenomenon
associated with transportation, especially in u rb a n
spaces. Congestion is one of the problems
involving road. As demand approaches the capacity
of a road or of the intersections along the road,
extreme traffic congestion will sets in. When
vehicles are fully stopped for periods of tim e, t h is
is colloquially known as a tra ffic jam or traffic
snarl-up. Traffic congestion can lead to drivers
becoming frustrated and engaging in road rage. I n
India, traffic congestion has always been a problem
in metropolitan cities namely Mumbai. Acco rd ing
to Times of India (TOI), the number of vehicles
being registered has gone up to staggering 700 p er
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day and the figure back five years was around 4 00
vehicles per day. Transport experts fear that traffic
snarls are here to stay with most roads dug u p d ue
to metro-construction or sewerage work s. H ence,
we need to study traffic congestion and its
consequences and also try to use various intelligent
transport solution to achieve the goals consid erin g
all the resources available irrespective use of
topographical, geographical and climatic
obstructions in an optimal manner.
I. EASE OF USE
A. Use of Project- The rising demand of traffic will
not be accommodated by widening roads or
constructing automated transportation systems. The
total space available within the city for the
construction of roads, railways and other
transportation method is restricted. An d t h e t o tal
vehicular density per capita rises with rise in
various factors like rise in population, rise in
financial conditions, economic growth, etc. this
constantly increasing traffic congestion also lea ds
to an increase in the pollution levels deterio rat ing
the habitable conditions of the people living. Apart
from these the working productive hours also
minimized on account of less contribution in
regards of time aspect given by the employee.
Hence, in regard to build new infrastructure we
find out something effective within our existed
transportation Thus, it is the need of the hour to
develop an optimum solution with in t h e ex ist in g
construction of the roads or highways.
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B. Need For Study- Traffic congestio n h as many
bad impacts. Apart from the adversities o n h ealt h
of the living creature, its impacts are far st ret ched
on the environment as well. The fading color of
leaves is considered as the minutest effect. The
congestion largely has the psychological as well a s
the economic impact on the individuals. The sanit y
is lost because of the continuous wait and the
people residing nearby the congested areas are
constantly affected by the noise and hav e t o f ace
the health issues because of worse air quality. They
are
as
following:
1. Rise in level of AQI (Air Quality Index)
2.
Increase
in
noise
pollution.
3.
Impact
on
economic
growth.
4. Accidents.
1.Air Quality Index (AQI)- The ever-increasing
number of vehicles will directly lead to th e rise in
level of carbon monoxide and hydrocarbons in a ir.
Vehicular emission is one of the major so urces o f
air pollution worldwide. The increased use of
transportation causes a subtle increase in the
emission of the nitrogen oxides, sulfur dioxides and
Green-house gases eventually causing Global
warming. These gases in-turn prove fatal to human
health causing respiratory and cardiac disease.
Hence it is necessary to study traffic congestion
and find the way out for the same.
2.Increase in noise pollution Congested roads
always lead to the continuous honking of the
vehicles generates pollution. Although the
Government has specified in the regulations abo ut
the limit of noise allowed in a specific area like
schools, hospitals, library, etc. the rule is hardly
followed thereby violating the law. This po llu t io n
has severe effects on health of human beings. It
also leads to psychological as well physiological
damages on people.
3.Accidents Vehicles move very close to each other
so there are higher chances of collision. Aggressive
behavior of driver of the vehicle is ro a d ra ge an d
ultimately leads to car accidents. It contains such as
rude gestures, verbal insults, deliberately driving in
an unsafe or threatening manner, or making threat s
specially in over populated countries like India.
Sometimes, accidents lead to destruction of
economic property and hinders regional growth.

C. Traffic Barrier- 1. The main aim for t h e wh o le
study is to provide an analytical solution for the
traffic congestion. And to attain that o b ject iv e, a
customized study of the traffic within the cit y h as
to be done. A survey is to be done in various p art s
of the city. The survey should not be just restricted
in some particulars of the city; it ought to b e d on e
at various times, covering different types of ro ad s.
Hence, a survey needs to be conducted with the
required authorizations and permission s t o st udy
the flow of traffic, the routes people avoid, the
alternate routes available and the time taken on
each route.
2. This will help in selecting the site to use our
proposed solution.
3. The method we propose is based on road
dividers, which we call Movable Road Barriers o r
MTB in short. These MTBs can be used in place of
the existing road dividers.
4. MTB can be used to effectively change the
configuration of the existing roadway so as to
optimize its usage by the incoming vehicular traffic
5. These are interlinked blocks of fiber and steel
and can be moved, unlike the existing road dividers
to create one or two or three extra lanes, as per
requirement and availability.
6. Some important difference between conventional
concrete dividers and MTB
7. Existing road dividers are mere dividers while
the MTBs can be used to create an extra lane
8. A solution to the problem scenario mentioned
above can be put together in the form of a
Moveable Traffic Barrier (MTB).
9. This MTB can be used to effectively change t h e
configuration of the existing roadway so as to
optimize its usage by the incoming vehicular
traffic.
10. MTB is not made up of concrete as it becomes
very heavy.
11. So it comprises of high-quality steel and Gla ss
Fiber Reinforced Polymer (GFRP). For example: If
initial studies show that during the mo rnin g p eak
hours on a 4+4 lane road connecting location A
(residential areas) and location B (office areas), if
the traffic density is high on the carriageway goin g
from A to B and low on the ca rriageway going
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from B to A, then the MTB can be repositioned,
say 2 lanes. This repositioning would result in t h e
roadway going from A to B being widened by 2
lanes. Consequently, the number of lanes going
from B to A is reduced from 4 to 2. However, as
the number of vehicles going from B t o A d u rin g
the morning peak hours is very less, this reduct io n
in the number of lanes would not cause traffic
congestion in that stretch.
Uses of Project-1. The rising demand of traffic will
not be accommodated by widening roads or
constructing automated transportation systems.
2. The total space available within the city f or t h e
construction of roads, railways and other
transportation method is restricted. An d t h e t o tal
vehicular density per capita rises with rise in
various factors like rise in population, rise in
financial conditions, economic growth, etc. this
constantly increasing traffic congestion also lea ds
to an increase in the pollution levels deterio rat ing
the habitable conditions of the people living.
3. Apa rt from these the working productive h o urs
also minimized on account of less contrib u tio n in
regards of time aspect given by the employee.
4. Hence, in regard to build new infrastruct ure we
find out something effective within our existed
transportation
5. Thus, it is the need of the hour to develop an
optimum solution with in the existing construct io n
of the roads or highways.
III. INDIAN SCENARIO
MUMBAI1. In a large metro like Mumbai, traffic congestio n
is one major pain and takes a heavy toll on the
body due to several hours of commuting every day.
Strict policing and levying of fines will force the
people to obey traffic rules thereby putt in g lesser
stress on management as well as congestio n. B u s
stands are built close to the signals and buses
driving in and out of traffic is a huge risk as well as
cause congestion when they stop near a signal. This
all results in long queuing at the signals and thus
generates a heavy toll on the environment. The
most common and basic transport facility is
rickshaws in the city which are the biggest cu lprit
for traffic congestion. Thus, to reduce it city should

provide separate lanes for rickshaws and should
levy heaving penalties if they fail to abide them.
2. Whatever infrastructure Bombay Municipal
Corporation (BMC) provides (or can provide)
seems to be insufficient within just a few m on ths.
Roads cannot be widened beyond a certain wid t h;
the number of local trains cannot be increased
considering in peak hours there are a lready lo cal
trains every three minutes. Due to these constraints,
the problems of crowded trains and traffic jams
arise and increase.
AHMEDABAD
1. In urban areas, heavy traffic flo ws o n nat io nal
highways with high speed, when mixed up with
local traffic at crossings, traffic congestion is
imminent. Also due to the indiscipline of the
drivers who don’t follow even the basic traffic rules
and regulations cross lanes thus resulting in tra ff ic
congestion.
2. A cluster of vehicles is formed which has no
movement in either direction but continuously keep
on honking which increases the level of noise
pollution. Thus, for prevention of such
circumstance’s government has enforced strict
rules and heavy fines will be collected from t h ose
not abiding to it. Also, the city has taken aid from a
company called zero sum ITS to help clear
congestion using the best technology that suits
Indian conditions
Acknowledgment
MOVABLE CONCRETE BARRIER SYSTEM
The movable concrete barrier system consist s o f a
barrier transfer vehicle and a movable concrete
barrier. The ma in advantage of the movable
concrete barrier is the ability to provide a solid,
physical separation between opposing flows of
vehicles. The movable concrete barrier consist s o f
pinned; hinged sec-tins of concrete safet y-shaped
barrier 1 m long. The sections are 2-ft wid e a t t h e
base and 32-in. high. The continuous sect ion s o f
movable barrier can be transferred laterally across a
lane or lanes of traffic by the barrier transfer
vehicle. The problem with this System is t h a t it is
manual and too cumbersome. The Sy stem h as t o
transfer the barrier before the traffic in creases o r
else it would be very difficult as the machine is to o
big to carry out the transfer mechanism. As the
vehicle is too large it is not feasible to use it durin g
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the rush hours or peak hours. The System can o n ly
move the barrier between two lanes only, i.e. either
left or right from the original position. As the speed
of the machine is too slow, hence it requires m o re
time. It also requires a human effort without which
this couldn’t be possible. To overcome this
limitation, we have thought of a new idea to tackle
it.
LIMITATIONS
The problem with this System is that it is m a nual
and too cumbersome. The System has t o t ransfer
the barrier before the traffic increases or else it
would be very difficult as the machine is too big t o
carry out the transfer mechanism. As the vehicle is
too large it is not feasible to use it during t h e ru sh
hours or peak hours. The System can only move the
barrier between two lanes only, i.e. either left or
right from the original position. As the speed of the
machine is too slow, hence it requires more time. It
also requires a human effort without which this
couldn’t be possible. To overcome this limit a tio n,
we have thought of a new idea to tackle it.

number of lanes available to both sides remains the
same. A solution to this problem is to make the
road barriers movable. To do this, earlier zipper
machines [5] were used, which transfer the
movable barrier from one lane to the adjacent o n e.
But this mechanism is manual and is too
cumbersome. Our Proposed system will control the
barrier system using cloud integration. The dividers
will be analogous to the dividers used wit h zip p er
machines but instead of these dividers being moved
by the machine we will use an embedded sy stem
which will control the moment of the dividers. Th e
dividers will shift according to the signals sent to
the embedded system by the system administrat or.
This will be done by using a cloud, a database will
be configured and when updated a nd t h e d ata is
sent to the embedded system will change th e st at e
of the divider. Along with a database, the cloud
will also contain a log which will contain the
history of states of the barrier system over t ime. A
Real time alert system [2] is integrated with the log
which will check for any anomalies in the expected
state of the system, if found then it will send an
alert message to the administrator who will then
take necessary action. This cloud can be a ccessed
through any portal that supports cloud compu tin g
i.e. any web-based platform or application. A User
Interface will contain a login form which will
authenticate the administrator and grant access t o
the database that will contain information related to
the system. This System also has an indicator
which allows the commuters to know on which
direction is the barrier is moving so th at t hey can
change their lanes and avoid accidents.
Advantages The advantages o f ab ove p ro posed
system over the existing system are as follows:
a. It reduces the space, which was consumed by the
zipper machine.
b. The time taken by the zipper machine is
drastically reduced by this System.
c. Reduction of human effort as everything is do n e
by cloud.

PROPOSED SYSTEM Traditional road b arriers
have a fixed position and are highly inefficient
during peak hours. This leads to chaos and
confusion among the commuters which leads to
delay in travelling time. Often during peak h ours,
the traffic in one direction is way m ore t han t h at
coming from the opposite direction, while the

d. The proposed system is less cumbersome as
cloud has played a major role and also an efficient
one alternative to zipper machine.
e. This system will reduce traffic faced by daily
commuters and help them save their travelling
time.
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f. This system can move through multiple lanes
while the Existing System can be mov ed t hro ugh
only single lanes
g. Our proposed system has a real time alert system
which improves the response time for an
emergency.

the application and the environment in which it will
be operating
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Abstract— Inductive Power Transfer (IPT) technology is seen
as a promising solution to be applied in an electrified road
(eRoad) to charge Electric Vehicles (EVs) dynamically on
road, i.e. while they are in motion. Wireless power transfer
(WPT) is a convenient, safe, and autonomous means for
electric and plug-in hybrid electric vehicle charging that has
seen rapid growth in recent years.
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I.
INTRODUCTION
There is an increase in global warming. every decad e t h e
temperature rises by significant amount so all t h e ef fort s
that are being taken by us to keep the temperature rise
below 2 degree Celsius needs to be enhanced and it is seen
that the emission of greenhouse gasses for the emission o f
the traditional IC engine vehicles contributes to approx 4 0
percent but instead of seeing it as a flaw we ca n see it a s
an opportunity that if we are able to solve this problem we
can reduce the emissions by 40 percent.
This is where the use of electric vehicles comes into the
picture as it is the best way to cut down the emissions
from the IC engine vehicles but today the practicalit y o f
this is not possible as traffic density in the urb an a reas is
increasing. The queue is so big even at petrol pumps
where the tank refueling takes seconds and this sit u at io n
worsens with CNG where time taken for refueling is more,
we can only imagine what will happen with electric
vehicles at charging stations where Evs will require
around 30 to 90 minutes for ea ch car. To address this
problem, we need the new road infrastructure that has t h e
capability to integrate the wireless power transmission
systems within its pavement design while maintain in g it s
structural integrity and the desired efficiency of that
electrical module.
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II.

LITERATURE REVIEW

A. Power Consumptive Need of Electric Vehicle.
F.Badin et al.,[1], Different aspects of an electric v ehicle
that affects the energy consumptions of the vehicles su ch
as weight,speed regenerative braking function and type o f
mortar etc are discussed. Also, in 40 different driving
cycles the average energy consumption was f o und t o b e
between 90 to 240 Wh/km this helps us in determining the
requirement of the power transmission between the
transmitter and receiver coils.
B. Circuit Design for Wireless Power Transfer.
Gautham Navpara [2]explained the different co nc ep ts o f
IPT circuit such as Inductive coupling, Inductive charging,
Inductance in coil and coil design are an d a lso t arget ed
the types of losses that can occur such as skin ef fect an d
parasitic capacitance. in this paper author successfully
demonstrated the wpt for low powered device after
considering all this losses. In Zhenshi Wang et al. [3]
focused on application of Inductive Po wer Tra nsfer f o r
charging of Electric Vehicles and designed 3-kW power
supply system and also compared the efficiency b et ween
two circuit topologies i.e. LC-LC and LCL-LCL, they
conducted an experimental investigation of these two
circuits. Their results were LC-LC series topology gives
better efficiency then LCL-LCL topology with 95%
efficiency achieved for power transfer over an air gap of
0.20 m. Kunwar and Sood [4] Targeted The phenomenon
of bifurcation and its effect on the circuit and its
components.Finally this paper demonstrated and helped us
to design a 3.3kw wireless power transfer without
bifurcation. Mehmet Zahid Erel et al [5], is a recent st u dy
into circuit system for Inductive Power Transfer providing
an overview over Series- Series Topology and its
efficiency, title suggested it is an efficient system and
better control stability to other topology but there is a lack
in experimental study of paper as the circuit were analyzed
over PLECS Plexim software. By omer C. oner et.al [6]
1
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studies the 20 kW W.P.T. for Toyota RAV4 vehicles t h is
paper deals with the design and simulation for the WPT of
20 kW power transfer.
C. Efficiency Loss in Wireless Power Transfer
Technology.
One of major problem faced in charging of electrical
vehicle dynamically on road is efficiency of power
transmission in various wireless power transfer technology
with major problem being decrease in efficiency of power
transmission capability with increase in gap length
between Transmitter coil Tx and Receiver Coil Rx,
another being misalignment between Tx and Rx Coil
which accounts for major losses. Tarakeswar Shaw et al.
[7] to overcome the problem of efficiency they introduced
a metamaterial slab of 3x3 array of meander line un it cell
between Tx and Rx to improve efficiency of power
transmission and made a comparative study between
system with intermediate slab and without slab wit h ga p
length ranging from 0.05 m to 0.20m, and confirmed
improvement in efficiency of 15.3% for 0.20 m with
efficiency of 54.3% compared to efficiency of 39.6%
without intermediate metamaterial slab. A.L.A.K.
Ranaweera at el.,[8] similar notion is discussed where they
made an experimental Investigation in methods to increase
the efficiency of power transmission by in t ro ductio n o f
metamaterial slab made out of 5X5 and 3X3 array of u n it
cell which consist of 3 Turn Spiral Resonator between Tx
and Rx coil, by experiment they confirmed to obtain
efficiency of 71.1% for 0.6 m and 54.3 % for 1 m o f ga p
distance. JinWook Kim et al.,[9] they also had same
approach toward the problem by introduction of
intermediate resonator coil but this time they connected a
capacitor to this resonator coil to improve the resu lt s a nd
studied the effects of such system on efficiency of the
system they also made study on alignment of intermediate
coil and its effects on efficiency of power t ransmissio n,
they concluded the result with net improvement in
efficiency of system with introduction of intermediate coil
with minor changes in gap length ranges of 0.80 m to 1.60
m, with decrease in efficiency with increase in gap length.
Mohamad Abou Houran et al.,[10] they made
comprehensive study on topic Magnetic Resonant
Coupling of Wireless Power Transfer system for
applicative purpose such as charging of electric v eh icle,
implantable medical devices, etc and provides a deep
comparison of different methodologies to ap proach t o a
problem such as misalignment of Tx and Rx coils and
Electromagnetic Interference, which were in current
discussion then, paper also discusses on the challenge
faced by various system and provides a suggestion for
tackling of this challenges. By Venugo pal Pra sant h a nd
Pavol Baurer,[11] discussed one of the major problem
faced in charging of Electric Vehicle in both static and
dynamic conditions that is misalignment o f Tx a nd R x,
and makes a study on this various misalign m ent in rea l
time pra ctices and locates a Best Efficiency Point in
alignment for transmission.

D. Thermal Assessment of Circuit of Wireless
Transfer Technology.
Kiwon Hwang et. al [12] This paper reported the t h ermal
analysis of 35 kW wireless power transfer transfer circu it .
It demonstrated that temperature dependent elements
(resistors and capacitors) can deteriorate resonance-based
WPT system performance. Analysis of a 35kW WPT
system indicates that we can stabilize WPT systems by
choosing temperature-robust elements (for example, usin g
Litz Wire, and appropriately placing a combination of
Class 1 & Class 2 capacitors) and applying a heat sin k t o
the surface where most heat is generated. With an
optimized heat sink, we found that system t emperat ures
can be kept under 58 oC which is within a sa f e o peratin g
temperature range.
E. Application of Wireless Power Technology in
Pavement Structure.
Ahmed Marghani et.al [13] The Finite Element models
were developed using Ansys APDL for highlighting the
consequences of implementing the IPT pad in the flexib le
pavement and it was seen that the Modular ra tio o f I PT
pad to the surrounding pavement can ind uce sign if icant
changes to the mechanical behaviour of the pavement.and
the optimum depth of embedment of the inductive p o wer
transfer pads plays an important role in the structural
integrity and overall life of the pavement. O.C.Onar et
al.,[14] The Wireless charging can work Properly in sn o w
and ra iny season.The current passed through the p rim ary
cable was 100A and the secondary coil was able to
generate 3kw at 80% efficiency. In f ut ure WPT sy st em
implementations,it is very likely that the Primary Coil will
be embedded under the parking space or roadway concrete
or asphalt surface but the loss was not very large. F.C h en
et al.,[15] The Dielectric measurement method was the
parallel plate capacitor method chosen to measure the
dielectric properties of pavement materials for this st u d y.
The electric power losses caused in pavement structure are
very small when compared to the transferred p ower f or
such an IPT system. In other words, this dielectric p o wer
loss is unlikely to cause a substantial decrease o f en ergy
transfer efficiency of a current IPT system under the
assumptions. the power loss is strongly dependent o n t h e
working frequency of the system and the amplitude of
magnetic flux density, an increase of which will
significantly increase the power loss of this type, same
author also studies in ,[16] an asphalt constitut ive m odel
has been implemented into a FE code, using the ‘Ph y sics
Builder’ module. For the sake of simplicity, a p avement
structure with only one asphalt layer is assumed,and usin g
its symmetry, only half of the eRoad structure is modelled
for simulation. it has been found that the critical locatio ns
inside the eRoad lie mainly in the asphalt regions close t o
the CU–asphalt intersections. The stimulat io n also ga ve
some solutions to overcome or to reduce the stresses
acting on 1) A fillet-shaped exterior corner for CU module
design 2) Using any softer material 3) We can increase the
gap between the Asphalt Layer and the CU. S.Niu et
al.,[17] During the charging process, various power losses
are dissipated in the form of heat which leads to
temperature rises of the Ground assembly surface of
Wireless power Electric vehicle systems. The temperature
will be further intensified with the misalignments between
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Ground Assembly and Vehicle Assembly due to increased
losses . Taking a commercialized 6.6 kW wireless p o wer
transfer system as an example. the reduction of heat
source, viz., the power loss, is a solution in an essential
way. Each loss component of total losses as calculat ed in
this paper could be specifically decreased.Secon dly , t h e
converted heat could be better managed by, for ex ample,
the cooling system or intermittent charging strategies.
Hakan Sundelin et al.,[18] proposed that The solution
from Bombardier has TRL 4 since power transfer
technological components have been integrated and
validated to work together at the test track in M an nheim.
As we know that the Qualcomm System and some o t her
companies are inventing modern convenient technolo gies
which can bring drastic change. The OLEV solution is
found to have TRL 7 since system prototypes hav e b een
operationally demonstrated in Gumi. The solu t io ns f rom
CIRCE and Utah State University have not been
considered due to lack of available information. There are
some prototypes made to check whether this t echno logy
can help in sustainable modern transpo rt t h at can wo rk
together. Kraisorn Throngnumchai,et al.[19]. Hot mix
asphalt concrete was used to construct the road surface. I n
this type of construction, the asphalt binder was heat ed t o
about 150 °C (300 °F) to reduce its viscosity prio r t o t h e
mixing process. In order to achieve sufficiently dense
concrete, it is usually compacted under high pressure after
the paving process while the asphalt is sufficiently hot.
Study shows that Litz wire was used for both the
transmitter and receiver coils. A 1600 x 300 mm plate
embedded under the asphalt. A la y er o f 3 0mm C ement
asphalt mortar (CAM) was used as cover for a 20mm thick
asphalt layer in which the transmitter coil is placed
between them acting as a sandwich. The ratio of
emulsified asphalt, cement and silica sa nd o f t h e C AM
used in this study was selected to be 1.4:1:1 because t h is
ratio provides sufficient density without requiring
compaction.
III.

CONCLUSION

After referring to literature under road electrification for
charging of E.V. following conclusions are drawn:
1. Inductive Power Transfer is most preferred
methodology for Wireless Power Transmission
due to its higher efficiency compared to other
methods
2. Efficiency losses of Wireless Power Transfer due
gap length can be further increased using the
concept of Coupled Magnetic Resonance.
3. Efficiency losses due to misalignment can be
reduced by identifying best efficiency points, b u t
further studies are required in misalignment
4. There are no significant major losses occurred in
power transmission between Tx and Rx due to
pavement material.
5. Heat generated in the Circuit system can be
reduced by using appropriate materials i.e Litz
Wire.
6. Further Studies are required in Effect of Wireless

7. Power Transfer i.e Inductive Power Transfer on
Structural Integrity and Pavement Life.
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Abstract:Marine Clay has numerous problem due to
its low strength, high compressibility & high volume
change. Due to this problematic nature of marine clay.
Therefore, soil stabilization is done In this paper
different types of soil stabilized techniques has been
discussed. we study research done by different author
and study the effect of different material added in soil
for stabilizing marine clayey soil. Results has been
discussed according to different type of test conducted
on soil by author like unconfined compressive strength
( UCS),Vane shear Test ,etc.
Key words: Soil; Soil stabilizer; Soil stabilization;
Unconfined Compressive Strength (UCS);Vane Shear
Test.

I.INTRODUCTION
The population was increases rapidly ,there has been
increase in automobile and infrastructures by
peoples for their comfort , due to this development ,
the traffic and also the number of structures are
increasing due to witch the more number of road
,building like structures are required .To fulfil this
requirement more land is require ,now a days in
highly populated cities like Mumbai the land
requirement is more than the available land due to
the traffic was more witch provides discomfort to
people . To overcome this problem the land
reclamation in coastal areas should be done , but in
coastal area the soil is marine clay , This soil type
has numerous problems due to its low strength, high
compressibility and high level of volumetric
changes .so it not possible to built any type of
structure on this type of soil ,therefor soil
stabilization should be done ,there has many
researches was done on stabilization of marine clay,
in this paper we study this researches.in this we see
the effect of different cement and lime content on
shear strength , yield stress ,UCS , porosity of clay
and also see result they get by adding salt , fibre ,
coper etc. with cement on clay .gives information
about the compaction and consolidation behaviour
of clay and effect of flocculants on clay slurry to use
as a material .some researchers investigated use of
Sewage Sludge bottom ash as covering for land

reclamation and in some researches we study the
different method example heavy tamping method
after rock filling displacement ,and also use of
PVDs(Prefabricated Vertical Drains) , study some
drainage properties .we see the research related to
compaction technique
II.
LITERATURE
A.
Consolidation And Compaction
In order to achieve desired geotechnical properties
of the marine clay for the construction, it is
important to study the consolidation and compaction
of the soil which are achieved by removal of air and
water from the voids of the soil. [1] Proper
compaction results into densification of soil. Ren
Wang et al.(2012) observed that Dynamic
compaction improved the shear strength of the
surface soil instantly and A degree of consolidation
of 80% was achieved within 180 days.
[1] Zhen Fang and Jian-Hua Yin(2007) concluded
that DCM lower the value of excess pore pressure
and accelerate the consolidation process. For 1D
consolidation and 2D consolidation Problem
Pengpeng Ni et al(2018) gives the numerical
modules witch can provide results that perfectly
comparable to the solution of Terzaghi. [2]
B.
Material Use For Stabilization
•
Cement
Cement stabilization enhance the properties of soil
Kai Yao et all (2019) found that the addition of
cement the void ratio reduces and increases the UCS
of marine clay but compeering this study with study
by Horpibulsuk et all shows that the cement
requirement is depend on water content [3]
Subramaniam et all (2016) found that the yield stress
, peak deviator stress, excess pore pressure and over
consolidated behavior increases with addition of
cement [4] but minimum cement required for
significant increase in yield stress is 5%, it low till
the cement is 7.5%, Qiangqiang Cheng, Huawen
Xiao (2018) found that the primary yield stress is
very useful for some permanent structural designs

that are controlled by the deformation of the
improved soil under the foundation
[5] I.Bushra & R. Robinson (2013) study on
laboratory prepared cement treated soils they found
that, the samples cured under drained condition
shows higher shear strength comparatively those
cured under undrained condition. [6] At higher
curing stresses, some material are added to cement
treated clay to enhance the properties of soil
•
Material Use With Cement
1.
Fiber
Qiang Li et all (2019) study on the use of short fibers
in cement treated marine clay and found that the
fiber size of 10 mm give more tensile strength at 0.1
% contain. strength increases till 90 day of curing
but due to pull out force some fiber are brock so
strength value decreases after 90 day but the still the
strength is 30% greater than the cement stabilization
[7] also found that structure is denser but some small
voids and large amounts of hydration products are
generated
2.
Salt
Chuanxin Du, Jinli Zhang et all (2019) it find that
the UCS value decreases with increase in salt
contain also found that the at constant salt content
the UCS value increases with cement content [8] and
SEM image shows that at low cement content and
21% salt content the porosity is high but as cement
content increases the porosity decreases
3) Copper Slag
s. h. chew and s. k. bharati (2009) found that the
copper slag reduces the requirement of cement to
achieve the required strength [9]
•
PVDs- Prefabricated Vertical Drains
PVDs techniques is used to accelerate the
consolidation process of soft marine clay. Sarika S.
Desai et al.(2015) has studied that the PVDs used to
reduced the excess pore water pressure during
preloading and also continued to throw away excess
pore water pressure.
[10] After the completion of construction work, in
long term negligible settlements have been observed
and less maintenance costs. Ren Wang et al.(2012)
observed that the strength of soft marine clay
increased with time due to the additional drainage
path provided by the PVDs. myint win bo et al.
(2015) conclude that shape of PVD affect on
permeability and discharge capacity of PVD [11]and
also found that the rectangular and circular mandel
is not preferred due its large disturbance in soil
,rhombic mandel is preferred . for reclamation
project custom made PVDs should be preferred
•
Polymers
Even at very small concentrations within soils,
various polymers have been shown to increase water
retention and reduce erosion, increase soil shear

strength, and support soil structure .M. Mirzababaei
et al.(2019) found that UCS and Peak Strain Energy
of soil was increased by addition of PVA(1%) and
BTCA in very small amount. [12] Also the authors
observed that clay which were kept for curing for 14
days with addition of 1.5% PVA their strain energy
increased significantly
•
Hallyosite Nanotubes
Yuan et al. (2008) Hallyosites is a hydrated
polymorph of Kaolinite. .Hal Nanotubes and green
materials and are cost effective, .E.Emmanuel, et al
(2019) found that by addition of Hal Nanotubes UCS
and MDD in soil was increased and there was
decrease in Hydraulic conductivity ,OMC and
Plasticity index. [13]
•
Geopolymer
Xu and Van Deventer (2002) Geopolymers are
formed by dissolution of aluminium and silicon by
polymerzation process of their monomers
1)
Fly Ash :
Fly Ash is a by-product from the combustion of coal
used to generate electricity. It is collected by either
using electrostatic precipitators, bag houses or a
combination of both.
2)
Calcium Carbide Residue (CCR)
Observed that by addition of 12% CCR UCS of soil
was improved by 1.5 times. The Carbon Footprints
of geopolymer stabilised soils were (20-40%) lower
than that of Cement stabilised soils [14]
M.Yaghoubi et al (2018) Observed that when
FA+S(fly ash + slag ) content increased in range in
between 10-20% the UCS of soil was increased
significantly whereas UCS value decreased when
L/FA+S content ratio surpassed 1.25 %
•
Geosynthetics
Geosynthetics are mainly used for reinforcement
and fluid barriers Shukla & Yin (2006).found that
they are cost effective and available for fabrication
technique P.C Wu et al (2019) observed that
geosyntheic sheets are capable of reducing
settlement of land fills [15]
•
Polyacralymide
Rong-jun Zhang et al. (2019) found that the
flocculant reduces the water content at initial curing
time ,increases UCS and enhances the properties of
degraded marine clay for use as a material [16]
•
CaCl2
Lei Zhang et al. (2018) was observed that
Cementation of soil appeared in the cathode when
the calcium chloride solution [17] was added and
increases dewatering of soil and bearing capacity of
soil
•
Bio-cementation
Liang Cheng and Mohamed A. Shahin (2018) shows
that Soil stabilization process by bio-cementization
through microbially induced calcium precipitation
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(MICP).In this technique with the help of bacteria
calcite (CACO3) is precipitated which with the
adjacent soil particles. [18]
•
Biomass Silica
Lim Jing Jin et al. (2018) . found out how different
confining pressure effect the stabilization of Marine
soil. When 12% Biomass Silica mixed with marine
clay . they conclude the strength parameters increase
initial curing stage the increase in confining pressure
influence in terms of stress path and degree over
consolidation [19]
•
Lime
sudhakar m. raow and p. shivananda (2005) Lime is
best soil stabilized material for clayey soil. Very
little research has been done in compressibility if
lime stabilized clayey soil. It is observed initially
there is compression but during initial yield some
axial deformation is observed followed by a more
dramatic second yield where large plastic strains
occur due to general bond failure [20]
C.
Methods
1)
Dry Jet Mixing (DJM) And Cement Deep
Mixing (CDM)
S. Y. LIU, et all(2008) found that the DJM field core
sample have greater UCS compare to CDM and the
difference between CDM and DJM decrease with
increase of curing time [21]and conclude that if
water content is less than 1 than the CDM is
preferred if more water content than 1 than DJM is
preferred
2)
Heavy Tamping Method After Rock Filling
Displacement
Yu-Chun Cao & Wei-Tang Wang (2007) study the
land reclamation project located in Kanmen Town,
Yuhuan County, Zhejiang Province, China wear
Heavy Tamping Method After Rock Filling
Displacement method is successfully applied and
conclude that delayed improvement effect or time
effect of soil mass after heavy tamping is still an
issue to be further studied. [22]
3)
MCR Muller resonance compaction
Myint Win Bo et al .(2014). Examined that the
Muller resonance compaction (MRC) techniques
helps to achieve deep compaction by vibratory
action of steady-state vibrator. Due to vibrations the
friction between the soil reduce and results in large
settlement and densification of soil. [11]
3) Vibroflotation Densification
Myint Win Bo et al.(2014). the vibroflotation
technique is designed to densify the granular
materials at depth
.The basic concept of the process is that particles of
soils will be rearranged into denser configuration by
means of horizontal vibrations produced by the

depth vibrator, as a result it decrease the void ratio
of soil and result into densification of soil.
5)
DCM- Deep Cement Mixing
Zhen Fang and Jian-Hua Yin(2007) has conducted
the physical model test on DCM. From the test data,
it is concluded that increase in excess pore water
pressure was caused due to the presence of the DCM
column. The DCM column reduce the vertical stress
and increase the consolidation process
6)
Electro-osmotic chemical treatment
Rong-jun Zhang et al. (2019)find that Electroosmotic chemical treatment effective method but
due the more energy consummation it not
economical
7)
Remote Sensing
Xiaojie Liu et al. (2019) find hove the Remote
Sensing use for observing deformation and
settlement shown how efficient and accurate remote
sensing,.it is time saving a s compare to traditional
in-situ methods
8)
Micro pile
Gangqiang Kong et al.(2020) observed that The
maximum total stress was developed near pile wall
but excess pore water pressure was absent near pile
wall as there is oversize distorsion and gap which
may lead to quick dissipation of pore water pressure
[23]
III.
CONCLUSION
From this review paper, it can be concluded that the
effectiveness of materials discussed above was
proven can stabilized the soft soils or improved the
soil strength. But, further investigation has to be
done. regarding method to be applied Other
investigation also needs to be done so that other
materials that would be effective as soil stabilizer
like we can use GI waste than fiber and coper and
different types of flocculants can be used ,we can use
remote sensing for observing deformation and
settlement.
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Abstract— This project emphasizes on the design, construction,
composition and the working of a river cleaning
mechanism.The current situation of our rivers has deteriorated
to such an extent that we can see the garbage with our naked
eyes without digging much into the water bodies itself. By
talking all this into account we have designed a machine for
putting an expeditious end to all the floating garbage. In this
fast pasing world, automation plays an important role, with
this in mind we have formulated a way where this project
depends on the propelling of water. This machine consists of
containment booms moored to the land, extended net to collect
the garbage, conveyor belts that carry the load to the barge
With the propelling nature of water, this mechanism collects
the garbage collected in the brims of the booms and transfers it
to the land using a conveyor belt. This machine cannot work in
stagnant water because the water is neither propelled nor
repelled, but just stays still. In this case, we've come up with
another mechanism that doesn't require the water to flow as it
moves by itself in and within the perimeters of the water body.
This machine is also capable of solely controlling aquatic
vegetation. This mechanism comprises a cutter bar to cut off
the material, a barge that carries the material and a conveyor
belt that transports the discard to the barge. As a harvester,
this is designed to collect and unload vegetation and debris.
The cutter bars of this machine will collect the materials
available at a given height and bring it about the vessel using
the conveyor belt which finally reaches the barge. When this
barge reaches its capacity, this refuse is transported to a
disposal site and eventually unloaded using the conveyor. Using
these machines we can effectively and efficiently clean any
water body regardless of its nature. This project aims to be
both economic by using simplistic equipment, and also be
capable of being automated which hence reduces manpower
rate drastically.
Keywords—Containment Boom Barrier, Skirt, Floating
Rubbish Bin, Floating Waste, Conveyor Belt, Plastic Debris,
Efficiently

I.

INTRODUCTION

Our survival on Earth depends on three basic resourceswater, soil and air, nature's three valuable gifts to mankin d,
among which water is the most important compo nent a s it
forms the basic medium for origin of life. With an
exponential increase in the population densit y, it is lik ely
that the cleanliness with the respect to waste
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management is degrading tremendously. With scientists
assessing this situation, it has been stated that solely 10
rivers are contributing 90 to 95% of all plastic pollu t io n in
the water bodies. Every day, 2 million tons of sewage,
industrial and agricultural waste are discharged into wa ter,
which is terrifyingly the equivalent of the weight of the
apporoximately 6.8 billion people. Nevertheless, cleaning of
water is useless if thousands of tons of garbage a re ad ded
every day. Undoubtedly, there is a universal a p preciat ion
and reverence to water in almost all the major religio n s o f
the world. Most religions believe water as "holy" thus
making it a topic of grave importance. The p urit y o f su ch
water, the belief in its known historical and unknown
mythological origins, and the accessibility of remote sources
elevate its importance even further, but this has led to a
great deal of pollution in the much sacred water bodies. Fo r
example; The Ganga, Yamuna, and Tapti are those affected
by the pollution.The reasons for this are the discharge o f a
substantial amount of industrial effluents in the river,
domestic wastes and other activities. This kind of
contamination observed in these water bodies dont just
affect humans, but also the irreproachable aquatic organisms

II.

LITERATURE REVIEW

There was plenty of related work and research d one in t h e
form of literature survey to acquire the knowledge and skills
needed to complete this project. This led us to come a cross
various project work, thesis and technical papers
accompanied by various reviews given on them. We will b e
discussing some of the papers and the wo rk d on e in t h em
and then reviewing by comparing them to our project work.
In "Researches in Water Pollution: A Review", authored b y
Anil K Dwivedi at el.(2017), the importance of water, stud y
of chemical composition of wastewater and t he m icrob ial
pollutants are discussed. They have reported about the

sustainability of the water for various uses. They have
emphasized on the three prominent so urces o f p ollu t ants
which are: sewage discharged into the river, industrial
effluents discharged into the river without any pretreatment
and surface runoff from agricultural land, wh ere ch emical
fertilizers, pesticides, insecticides and manures are used.
About 1500 substances have been listed as pollutants in
freshwater ecosystems and a generalised life o f p o llu tant s
includes acids and alkalis, anions, detergen ts, h eat , m et al
oils, etc. This makes the river water unsafe for drinking a nd
bathing and most importantly, it is hazardous for the aquatic
organisms and plants.
In "Automatic garbage collector" authored b y M ahendra
Pawitra et al. (2012) aims to design a nd make AGATOR
(Automatic Garbage Collector), a rotor robot model as
automatic garbage collector to counter accumulation of
garbage in the river which has no flow effectively and
efficiently. This method includes the identification of needs,
analysis of the components required specifically, hard ware
and software engineering, developing, and testing. This
method includes the identification of needs, analysis o f t he
components required specifically, hardware an d so ft ware
engineering, developing, and testing.This method in clu des
the identification of needs, analysis of the components
required specifically, hardware and software engin eerin g,
developing, and testing. It uses a sensory device to move in
an appropriate direction for collecting garbage
automatically.
In "Design of river cleaning machine" by Tanmay Sharma et
al.(2016) the project emphasizes on design of a sewage
waste collecting machine. This water propelled river
cleaning machine is not only an efficient mechanical method
to clean rivers but also it can be used to minimize any
human intervention throughout the cleansing process. Th is
water wheel driven conveyor mechanism is not
electronically driven, resulting in the service life being
longer than any other machine.
In "Design and Fabrication of Automatic River" by Tejpal
Parshiwanikar et al.(2017) they have made a conveyor belt
that is located on the front side of the boat an d wo u ld b e
driven with the help of two rotors. At the back side of t h e
boat a tank(made of plastic) the refuse collected from t h e
water is transported to the dumping grounds using a
conveyor. This automatic river cleaning system is not only
eco friendly but also saves a lot of manpower.
In "Design and Construction of River Cleaning
Mechanism" authored by Dharmesh N Kandare et al.(2018)
the mechanism of a remote controlled system is briefed.
This system is designed with the help of motor, coupling &
R/C arrangement. It stimulates the conventionally used
mechanism of using conveyors in its working principles but
has an intimidating modification of air tube p ip in g gird er
mechanism for improving its efficiency. Using a n a irt ube
girder increases its efficiency to 62.5% (For example, wit h
an airtube girder it takes 39 minutes to operate but wit h ou t
it, it finishes the operation in mere 24 min with visible
difference in the outcome.)
In "Design and Fabrication of River Cleaning System''
authored by Abhijeet Ballade at el.(2016), the p ro ject
thoroughly explains the mechanism of a floating
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containment boom barrier that helps in collecting
garbage floating on the water. In this setup a chain of tu bes
is suspended in the water which is connected to the land
with moors. This chain of tubes is also conjoined with a
netted structure which contains the garbage below the water
surface for maximum output. This structure collects garbage
which finally is collected and disposed of in a dumping
ground.

In"Efficient water wheel collector" b y C h in to B rio nes at
el.(2017) the sheet explains that not all the waste d isp osed
was transported to landfill. Most garbage was thrown in t h e
rivers. During the rainy season, this can clog drainage
systems causing rivers to overflow resulting in flo o d s. Fo r
that reason we are making an efficient water wheel garb age
collector to collect this garbage. A boat will be attached by a
conveyor and a waterwheel placed on the shaft & b ea rings
support. This boat will be anchored in rivers facing directly
towards the current of the water. Due to the current, the
waterwheel turns. Power is transmitted to the conveyor
system by means of a belt drive and a pulley mounted on the
shaft. As the conveyor moves, it collects the wa ter d ebris,
waste garbage & plastics from rivers.We can use a powered
motor for providing power to the conveyor instead of
current operating operation. We should also modify the size
of the boat according to its waste collecting ca pacit y.Data
were gathered and found that whenever the current speed is
fast, the rpm and the belt speed is also f ast an d wh en t h e
current is low, the speed of the conveyor belt and the rpm of
the waterwheel is also low. This suggests that for better
performance, the current of the water should be consid ered
in designing the actual project.
In "Study of River Harvesting and Trash Cleaning Machin e
'' by Rajendra Patil et al. (2017) it is shown th at t h e wast e
machine isn't just capable of eradicating all the refuse f ro m
water, this machine can also act as a m echanical a quatic
harvester for solely controlling aquatic vegetation. This
mechanism comprises a cutter bar to cut off the material, a
barge that carries the material and a conveyor belt that
transports the discard to the barge. The cutter bars are 5 to 6
feet long which allows both the submerged and emerged
vegetation to be eroded off and taken with a conveyor to the
dumping areas. This not only helps in cleaning the water but
also in fresh growths of the plants.
In "Introduction to the Health Index" authored by Jo hanna
Polsenberg et al. (2015) the creation of the first assessmen t
tool to compare and combine key elements from all
dimensions of the ocean’s health – biological, physical,
economic is explained. The creation of standardised scale of
score from 0 to 100, will create a friendly competition
between civil workers and organisations to earn the high est
number of results,in the end the organisation with the
highest score will be awarded. This method may allow a
competitive and honour factor. Score will be characterised
between coastal protection, monthly rem oval o f ga rbage
based on weight,increased population of fisheries and
sustainability.
In "Detection and Removal of Floating Wa stes o n Wa ter
Bodies'' authored by Aishwarya N A at el.(2017), the aim is
to detect floating wastes in water using ultraviolet sensors
and cleaning in a n efficient way. Ultrasonic sensors can
detect the floating waste till 180 degree floating range. The
information of every action taken will be sent to the
corresponding authority through GSM (Global system for

mobile communication).GSM is used for both location
tracking and transferring data. The project can be
implemented for both flowing and stagnant water.The major
advantage of the project is that the people of the control
station need not have to go to every nook and corner to clean
the wastes, instead can monitor from one end easily.

equivalent of one full garbage truck of plastic trash is
dumped in the sea. That is 1440 trucks per 24 hou rs an d in
total 8 billion kilos per year. With 80% of those plastics
coming directly from the land. The Bubble Barrier creates a
barrier stopping plastics from flowing past, but it also allows
fish and ships to pass through the barrier unimpeded.

In "How can Oceans Clean Themselves" authored by Boyan
Slat at el.(2013), indicates that The Ocean Cleanup Array is
a feasible and viable method to remove la rge amoun ts o f
plastic pollution from a major accumulation zone known as
the Great Pacific Garbage Patch. Computer simulations have
shown that floating barriers are suitable to capture and
concentrate floating plastic debris. Combin ed wit h o cean
current models to determine how much plastic would
encounter the structure, a cleanup efficiency o f 4 2 % o f all
plastic within the North Pacific gyre can be achieved in t en
years using a 100km Array. In collaboration with the
offshore experts, it has been determined that this Arra y can
be made and installed using current materials and
technologies. The estimated costs for the ten year project is
£317 million in total, with approximately £31.7 million per
year. This translates to £4.53 per kilogram of collected
ocean debris.

In "Plastic Debris in Rivers" authored by Tim van Emmerik
at el.(2019) they have presented an overview of monitorin g
and modeling efforts to characterize riverine plastic
transport, and give examples of typical values from a round
the world. Finally, we present an outlook to riverine pla stic
research. With this paper, they aim to present an in clu sive
and comprehensive overview of riverine plastic debris
research to date a nd suggest multiple ways forward for
future research. They discuss the current scientific st ate o f
plastic debris in rivers and evaluate existing knowledge gaps
by presenting a brief background of plastics, polymer ty pes
typically found in rivers, and the risk posed to aquatic
ecosystems. Additionally, they elaborate on the o rigin a n d
fate of riverine plastics, including processes and factors
influencing plastic debris transport and its sp a tio temporal
variation.

In "Design of River Waste Collector Machine'' by M Monish
Kumar at el.(2016), the emphasis is on designin g t h e riv er
waste collector to clean up the plastic in the water. Prime
objective of this project is to collect all the wastes which are
found floating on water bodies to minimize labor work.
These are done by using a hardware prototype and by using
an Microcontroller for controlling all part s o f a machin e
using a smartphone by using WiFi or Bluetooth. The
"Stream Waste authority machine" is utilized in places
where there is squander flotsam and jet sam in t h e wa ter
body which are to be expelled. This machine consist s o f a
water wheel driven conveyor mechanism which collects &
removes the wastage, garbage & plastic wastages from
water bodies.
In "Automatic Trash Removal System in Water Bodies"
authored by Rahul Praskash K.V at el.(2017), the
mechanism of an automatic canal cleaning system is
discussed. Automatic canal cleaning systems make u se o f
solar power to remove floating trashes. The device is placed
across the water body so that flow occurs through lower
grids. Waste like plastic bottles, cans, bio-debris etc. are
lifted up by using conveyors fitted with projecting teeth.
These belts are driven by solar powered motors.
Photovoltaic cells used are coupled with storage batteries for
full day work. Secondary conveyor is provid ed t o remo ve
the trash to the dumping regions. This system will b e a lso
helpful for Pampa and “Namami Ganga” projects for
cleaning rivers from trash like dhotis, flower offerin gs a nd
other wastes.
In "Bubble Barrier Amsterdam" by Francis Zoet at el.(2019)
a bubble barrier is discussed that is placed right b elo w t h e
surface of water. This is done for the bubble b arrier t o b e
able to stop as much of the outflow of plastic from the
water. The bubble barrier complements the garbage boats to
catch the plastic from both the surface and under the surface
of water. The rising bubbles of the Bubble Barrier creates an
upward current which brings the plastic to the surface of the
water. Due to the diagonal placement in the waterway , t h e
Bubble Barrier uses the natural flow to guide the plastic t o
the collection system at the river side. Every minute, the

In "Oil spill clean up: Better method" authored by the
University of Bonn at el.(2020) discuss the considerable
danger oil poses to aquatic life. Researchers at the
Universities of Bonn have developed a new technolo gy f or
the removal of such contaminations: Textiles wit h sp ecial
surface properties passively skim off the oil and move it into
a floating container. The scientists used surfaces f rom t h e
plant kingdom as a model. They had conducted an
experiment where the salvinia leaf absorbs all th e o il f ro m
the surface. In this way they have objectif ie d t h e su ct io n
nature of these leaves in their model. This theory of suct ion
is translated in the fabric tapes hung over the edge of a
container floating on the water. Within a short time they had
almost completely removed the oil from the wat er su rface
and transported it into the container. This also makes
super-hydrophobic textiles interesting for environmental
technology. After all, they promise a new approach to
solving the acute environmental problem of in creasin g o il
spills on water bodies. Oil films floating on water cause a
number of problems. They prevent gas exchange through the
surface and are also dangerous on contact for man y p lant s
and animals. As oil films also spread quickly over large
surfaces, they can endanger entire ecosystems.
In "Efficient Lake Garbage Collector By Using Pedal
Operated Boat" by Akash Dambhare at el.(2016), they have
introduced another infamous method for cleaning rivers.
Their main motive is to clean the lake water. For that
purpose they are making an efficient lake garbage collect or
by using a pedal operated boat. In this we are using a p edal
operated boat with the conveyor attached to it for collectin g
garbage from the lake. A pedal operated b oat t hat u ses a
shaft to drive a propeller comprises a pedal boat comprisin g
two pedals, two propellers, attached by the shaft, a co nt rol
assembly, conveyor system operated by the same pedal, f o r
cleaning the garbage in the lake. In this system they are
using the boat which is pedal operated and they attached the
belt conveyor for collecting the garbage present in the small
and big lake. With the help of this conveyor they can collect
the garbage like plastic bags, plastic bottles, beverage ca ns,
food wrappers, paper bags, straws, (marine debris) etc. They
can use this pedal operated boat beside the slum areas where
they can find lakes, rivers or dams and also because of

which this slum area uses this water for drinking purposes
due to which their health issue will not get affected. Wit h
this methodology a lso the source of fuel like diesel , petrol
can be saved.
In "Oil Spill Cleanup from Sea Water by Sorbent Materials''
authored by Ahmad Bayat at el.(2005) they have discussed
the uses of sorbents for oil spills cleanup. Three sorbents
were compared in order to determine their potential f o r o il
spill cleanup. PP nonwoven web, rice hull and bagasse with
two different particle sizes were evaluated in t erm s o f o il
absorption capacities and oil recovery efficiencies. PP ca n
absorb almost 7 to 9 times its weight from different oils.
Bagasse, 18 to 45 mesh size, follows polypropylene a s t h e
second sorbent in oil spill cleanup. Bagasse, 14 to 1 8 m esh
size, and rice hull have comparable oil absorption capacities,
which are lower than those of the two former so rb ent s. I t
was found that oil viscosity plays an impo rtant ro le in o il
absorption by sorbents, all adsorbents used in this work
could remove the oil from the surface of the water
preferentially. The results reveal that polypropylene
nonwoven has the best oil absorption capacity for dif ferent
oils and can absorb 7 to 9 g of different oils per ea ch gra m
of sorbent. This helps in capable of absorbing different o ils
from the water surface preferentially due to oleophilicit y o r
hydrophobicity.
In "Remote Operated Floating River Cleanin g Ma chi ne ''
authored by Shrutika Pawar at el.(2019), focuses on
reducing the water pollution as this is becoming a serious
problem for rivers, ponds, etc. c. This mainly consists of
impurities like wastewater debris, plastics, and ga rba ge o n
floating water surfaces. These impurities mainly aff ect t h e
health of human beings and also affect th e lif e o f aq uat ic
animals. Normally this project is based on renewable energy
sources, so there is reduction in use of non renewable energy
sources like oil, petroleum, electricity and all types of
mineral sources. So by this non renewable en ergy so urces
are saved. So this project helps to reduce the water pollution
on floating bodies. This machine is remote operated so
manpower is not required at all By taking into consideration,
this remote operated river cleaning machine has designed t o
clean river floating surfaces. In this project the main aim o f
this machine is to lift waste debris from the wat er su rf ace
and dispose of it in the tray. It consists of an arrangement o f
conveyor which is placed on the shaft of the motor. Due
rotation of motor conveyor rotated. As the conveyor is
moved, it collects water debris, waste garbage and p lastics
from water bodies. As the machine is placed in the water the
waste debris in water will get lifted and it moves in an
upward direction. As the waste debris reaches the upper
extreme position it will get dropped in the tray. H en ce t h is
will result in cleaning of water surfaces and safe collect io n
of waste debris from water.
In "Recycling" by the Team Ocean Cleanup at el.(2016) they
have discussed an alternative method for d ealin g wit h t h e
garbage in rivers. This alternative method is recycling. Once
they remove plastic from the ocean, that plastic can be
recycled and turned into durable products. Usin g sa mp les
taken from the Mega Expedition, they have analyzed that the
composition of the Great Pacific Garbage Patch plastic,
helping them to select the most optimal recyclin g m et hods
for the catch of System 001/B interceptor.The in t ercepto r
collects over 50000 kgs of plastic per day f or recy clin g in
optimal condition, double the amount of refuse can be
collected. The recycling team is still working towards
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turning this product into the first product ev er made
plastic from the Great Pacific Garbage Pat ch as t h ey are
currently developing a model framework that simulates t h e
transport of plastic in the global ocean, eventually providing
a mass balance budget for plastic in the ocean.

III.

CONCLUSION

Water pollution has become a major concern and t o t ackle
this we have prepared this project that includes the
following:
● Setting up boom barriers, that collects all the waste
gathered with the help of the propelling natu re o f
water.
● Setting up oil sorbents that absorb the oil from the
surface of water.
● Setting up a river cleaning machine that is
automated and collects all the refuse on the surface
of water through conveyor belts.
● Adding cutter bars to the machine for cutting off
the unwanted aquatic plants.
● Treating the plastic refuse in an effective way by
recycling it for plastic takes a lot of time to
decompose.
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Abstract— As we know, every year India faces major
environmental challenges related to waste generation
and inadequate collection of waste, transporting,
treatment and disposing it. The present systems in
India has become difficult deal with the volumes of
waste generated by an increasing urban population,
and this impacts on environment and public health
safety. The problems of waste generation and
management has become a significant issue of concern
to several scholars in environmental studies.
According to the BMC, in Mumbai alone generates on
the brink of 9,400 metric tonnes of solid waste per day
out of which 73% is food, vegetable, and fruit waste,
while only 3% is plastic. The majority of waste are
biodegradable, and can be used for composting.
The project aims to study the process of composting
and reduce the time required to make a compost by use
of Effective Micro-organism. The paper delivers a
review on the appliance of effective microbe (EM) in
kitchen waste composting. It emphasized on the
appliance EM in composting method, the EM
properties and therefore the quality of compost with
EM in terms of nutrient content. By composting
organic waste, we are able to preserve resources and
produce a valuable by- product which will be used as
locally produced fertilizer. The present compost bins
have few challenges which are difficult to handle like
messy and smelly compost, time-consuming process
(30-45 days), vulnerable to insects and rodents and
hard to scrub. Additionally, a number of them release
green house gases which is harmful for the
environment. EM features a great potential to be
utilized in accelerating the composting process and
increased nutrient in compost. EM controls the
temperature and reduces pathogens within the
compost to supply good quality of compost. However,
the detail assessment is required to evaluate the effect
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of EM application on compost quality and thus the
safety for human well-being.
Keywords— Composting, organic waste, Effective
Micro- organism, solid waste management, Indian
household kitchen waste.

I.

INTRODUCTION

Urban India (about 377 million people) generates 62
million tonnes of municipal solid waste (MSW)
annually . Out of this nearly about 43 million tonnes
around (70%) is collected and 11.9 million tonnes
(20%) is treated properly. About 31 million tonne
(50%) is dumped in the landfill sites and changing
consumption patterns and rapid economic process it
is estimated that urban municipal solid waste
generation will increase to 165 million tonnes in
2030. As the population is increasing rapidly in
India, it's causing high rate of generation of
Municipal Solid Waste (MSW).
Municipal Solid Waste (MSW) contains both
domestic and commercial waste. The large amount
of waste creates many problems in day to day
lifetime of living creatures and also in Environment.
It requires application of some effective strategies
for proper disposal and treatment of MSW.
Composting is one of the oldest and best
technologies to treat waste in a more sustainable way
possible. From many decades composting has been
used as a recycling method for solid organic matter
because it improves the soil fertility, soil structure
and also it maintains the moisture content of the soil
in limit. Composting may be a natural action that
turns organic material into a valuable humus like
substance and this substance is named compost.
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Kitchen waste is one of the major contribution in
organic solid waste, as major contribution of food
waste just dispose in the landfill. “Kitchen waste is
defined as the left over organic matter produces from
restaurants, hotels and households. As we know tons
of kitchen wastes are produced daily in highly
occupied areas. Kitchen wastes entering the mixed
municipal waste system are difficult to process by
standard means, like incineration, thanks to the high
moisture content”. (Anjum, Gowda, Rafi, & Dalal,
2008).
The composting process is defined as, decomposed
organic matter through which microorganism under
convinced moisture, aerobic or anaerobic conditions
to supply a product during a sort of powder (i.e. the
compost) which are stable, low in moisture and free
from pathogen The product from composting
process can be applied directly to soil as biofertilizer that contain nutrients such as potassium,
nitrate, sodium, calcium, magnesium, and chloride
for plant

growth. However, one among the problems in
composting process is that the long duration of your
time that's required to finish the method . For
example, a small-scale organic matter com- posting
using windrow method took three to four months to
make compost.
“The application of EM in compost production was
proven to speed up composting process. The degree
of conversion of waste into compost was seen
enhanced to 45 days because of the inoculation of
effective microorganisms as compared to the normal
process of aerobic method which took nearly two
months to compost. Study wiped out India found
that paddy straw treated with EM and compost
inoculant hasten the composting process by bringing
C:N ratio right down to 15:1 and achieving a
complete humus content of 4.82 Inner Light 60 days
and show high activity of hydrolytic enzyme and
microbial activity. EM greatly accelerated the breakdown (mineralization) of the organic matter within
the Bo-kashi also as within the soil which later
release more nutrients into the soil as nutrients to
plants for growth”. (Geethamani, et al., 2020)
“EM is commercially available. The technology has
been distributed to over 90 countries within the
world. In broad-spectrum, EM suspension contains
a collection of microorganisms, in particular, lactic
acid bacteria, yeast, and photosynthetic bacteria,
which are mainly used in agriculture. In process two
more species of microorganisms were found in EM
suspension specifically as fermenting fungi and

actinomycetes. These microorganisms have specific
function. For example, bacteria producing lactic acid
inhibit the growth of pathogenic microorganisms
and other various microorganisms by reducing the
pH through lactic acid production. Yeast produces
many biological active agents in the process such as
amino acids and polysaccharides which feed other
microbe.” (Geethamani, et al., 2020).The
phototrophic bacteria involved in various metabolic
systems play a major role in nitrogen cycle and
carbon cycle of the compost. The application of EM
to the soil or plant ecosystem can also improve soil
quality and soil health. It also encourages the plant
growth, increase the yield and improve the standard
of crops.
Often, the waste is burnt in the open, and toxic
pollutants from the fires have known to can cause
respiratory problems, cardiovascular diseases and
adverse birth defects to human life and environment.
In addition, transporting, handling, and disposing
such a huge amount of waste results in the emission
of greenhouse gases, fumes of Sulphur dioxide and
oxides of nitrogen (also called acid gases),
particulate matter, and other toxic substances.

There are total four stages of composting, they are
as follows;
a.

Mesophilic stage:

Compost bacteria combine carbon with oxygen to
supply CO2 and energy. The microorganisms for
copy and growth use a number of the energy and
therefore the rest is generated as heat. It is the first
stage of composting process. These mesophilic
bacteria can include Ecoli and other bacteria from
the human intestinal tract, but these soon become
gradually withdrawn by the temperature, because
the thermophiles bacteria take over within the shift
range of 44°C – 52°C.
b.

Thermophilic, or high-temperature phase:

In the second stage of the method , the thermophilic
microorganisms are very active and produce heat.
The stage can last up to about 70°C, while such high
temperatures are neither common nor needed in
compost. This heating stage takes place rather
quickly and should last only a couple of days, weeks,
or months. It tends to stay localised within the upper
portion of a compost heap where the fresh material
is being added, whereas in batch compost, the whole
composting mass may be thermophilic all at once.
After the thermophilic heating period, the manure
will appear to possess been digested, but the coarser
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organic material won't be digested. This is when the
third stage of composting, i.e., the cooling phase,
takes place Thermophilic stage kills pathogens,
weed seeds, and it is major benefit. Thermophilic
stage inactivate the enzymes in cells. Without
enzymes cell will die. At higher temp other
bacteria's survives due to endospores. Heat resistant,
cold, dry.
c.

Cooling phase:

During this phase, the microorganisms that were
replaced by the thermophiles migrate back into the
compost (top layers) and digest the more resistant
organic materials (coarser material). Fungi and
macroorganisms like earthworms and sow bugs that
break the coarser elements down into humus also
withdraw in.
d.

Maturation or curing phase:

The final stage of the composting process is named
curing, ageing, or maturing stage, and may be a long
and important one. Many pathogens have a limited
period of viability within the soil, and therefore the
longer they're subjected to the microbiological
competition of the compost heap (fight with other
organisms) the more likely they're going to die a
swift death. Pathogens also get killed due to
antagonistic relationships (Opposite or dislike).
Young compost can be dangerous to plants.

markets. All these waste sub-stances are chemically
comprised of fats, cellulose, starch, lipids, protein,
and other organic matter in it. The main point is
moisture and salt contents cause a rapid
decomposition of the organic contents within the
wastes thus produce unpleasant odors. This
condition can often attract bugs, and flies which are
vectors for several diseases. Nearly all food waste
goes directly to the trash can or garbage disposal, a
practice that is essentially wasteful especially
considering that these products can be turned into
something really useful as fertilizer by composting.
III.

PROPOSED METHODOLOGY

Effective Microorganisms (EM) is a mixture of
organisms that has a brisk action on humans, plants,
and the natural environment. It has also been
described as a multi-culture of 80 ‘coexisting
beneficial microorganisms’, which were selected
from more than 2,000 species isolated from various
environments. The main species included in EM are
lactic acid bacteria, photosynthetic bacteria, yeasts,
actinomycetes and fungi. Each of these
microorganisms has its own function as listed in
Table 1. For example, Lactobacillus plantarummay
accelerate the decomposition and fermentation in
composting process. Streptomyces albusproduce
antibacterial matter for pathogenic bacteria and
Rhodobactersphaeroidesinvolve in production of
amino acids and amino nucleic.
Additives stimulate the growth of bacteria, mainly
cellulose decomposing bacteria, at the early phase of
the decomposition, thereby increasing the capability
of decomposing biodegradable organic matters.
Combination of additives, EM and cellulose
decomposing bacteria also maintains elevated
temperature in the composting process.

FIG NO 1. PHASES OF COMPOSTING
II.

PROBLEM DEFINATON

Most of the developing countries worldwide face a
significant challenge to manage domestic garbage. It
is wet, put in random way which often causes foul
odour if proper not dispose it properly. Sometimes it
is mixed with impurities of inorganic waste and
metals. Primarily, the composition of such domestic
food waste is very complex, because it includes
spoiled and left-over foods from kitchen wastes and
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Table 1: Microorganisms in EM and their
function. (Geethamani, et al., 2020)
IV.

-Saccharomyces cerevisiae
-Candida utilis

EXPECTED OUTCOME

Although composting is proven to best the solution
for food waste management but the practice have
great challenge. Although all the references
highlighted that EM has a great potential to be used
in accelerating of composting process, but the
mechanism of microbe reaction towards organic
waste is prone to certain level of uncertainty which
limits this issue from being addressed in most of the
references. Thus, the application of EM in food
wastes composting need to be studied in further
details. The tedious process and time consuming
may become the challenge in EM organic
composting. Nevertheless, the application of EM in
accelerating the com- posting process may reduce
the volume of food waste dispose in landfill if it is
successfully conducted.
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Abstract--- Concrete has gained a lot of attention
the last 15 years as far as the development of selfhealing mechanisms are concerned. Self-Healing
Concrete is a term that is used for cement- based
materials that repair themselves after the material
or structure gets damaged due to some sort of
deterioration mechanism. Possible causes of selfhealing are formation of calcium carbonate or
calcium hydroxide, sedimentation of particles,
continued hydration and swelling of the cement
matrix.. There is increasing interest in the
phenomenon of mechanical property recovery in
self- healed concrete materials because self-healing
concrete could solve the problem of concrete
structures deteriorating before the end of their
service life. For cement based materials, there are
two type of method- The first is using Bacteria to
precipitate calcite in cracks in concrete. Second is
adhesive method. Bacteria are able to form spores
which produces calcium carbonate directly and also
indirectly via the reaction of on-site produced CO2
with Ca(OH)2 from the cracked surface. As a result,
the durability of the structure is enhanced.
However, this method does not lead to strength
improvement of structure.
However the cost of self-healing concrete is about
double that of conventional concrete. The dynamic
modulus measurements provide a quick means to
evaluate the presence of self-healing.
Keywords--- SHC, adhesives, bacteria, silica-gel,
encapsulation.

Introduction
Concrete structure is the most important civil
engineering structure. Since it appeared,
engineering and Technical personnel have
continued to conduct research, and concrete
materials have been developed in the direct ion o f
high strength, high performance and v ersatilit y ,
and the structure has become more Complicated
and larger. But concrete, as a brittle material, ha s
a very low tensile strength. During construct ion
or during use, cracks may occur in the st ru ct ure
due to the nature of the material itself, the
construction method, environmental co n dit io ns
and load effects, and even cracks that are clearly

Ayush Shetiya
Department of Civil Engineering
Thakur College of Engineering, Mumbai
ayushshetiya@gmail.com
Priyanka Deshmukh
Assistant Professor
Department of Civil Engineering
Thakur College of Engineering, Mumbai
Priyanka.deshmukh@thakureducation.org

visible to the naked eye may occur. There are
many ways to deal with concrete Structures t hat
have cracks. Epoxy resin reinforcing grouting is a
method that is widely used at present. It has
Strong bonding force, small shrinkage after
curing, high mechanical strength, heat resistance
and stability.
Objectives
To develop efficient self-healing techniques that
enable concrete to regain liquid- tightness:
bioprecipitation by suitable micro-organisms and
application of hydrogels. The CaCO3
precipitating bacteria and nutrients are added
into the concrete matrix during the process of
mixing helps in crack repair.
Proposed Methodology
According to Van Tittelboom and De Belie
(2013), there are three approaches to self-healin g
in concrete that are autogenous, vascular, and
capsule-based self-healing:
[1] Autogenous self-healing:
Autogenous self-healing depends on the
composition of cement furthermore, is cultiva t ed
by hydration reaction of cementitious items
inside the lattice, or by response of polymeric
substances in the network.
Crack width is the one issue in this type of
healing. It is effective only in case of narrow
cracks. Also a constant supply of water is needed
to completely fill the crack. So, this approach
requires an external agent. Hence, this approach
is not self-healing the concrete.
Jonkers (2007) proposed the use o f b acteria t o
mediate the healing process by precipit atio n o f
calcium carbonate. But, the bacteria did not
survive for long time due to two reasons that are
highly alkaline nature of concrete and contraction
of pores in concrete due to hydration.
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So, Autogenous self-healing has several
weaknesses like dependency on age of concret e,
limitation of width of crack, constant internal
source of water and survival of bacteria.
By PVA -ECC (Polyvinyl-alcohol eng ineered
cementitious composites):
Polyvinyl Alcohol Engineered Cementitious
Composites (PVA-ECC) with the addition of
other Microfibers, including steel fiber and
rockwool fiber. Four-point bending tests were
Used to pre-crack ECC beams at the age of 7 and
28 days, respectively. The pre-cracked samples
were then cured in water to promote the
occurrence of Self-healing and in air for
control. The addition of microfibers helps tighten
the crack width greatly, resulting in enhanced
flexural stiffness for the water cured samples.
Experiment:
There will be total 3 mixture to be created PVA,
rockwool fiber & steel fiber with every mixture
there % should be changes to see how ef f ectiv e
are they with different materials with same
% of cement, lime stone powder, water & su p erplasticizer.
Four point bending test:
It includes two categories for each mixture:
specimens that were tested seven Days after
casting, and those tested twenty- eight days a fter
casting. Each category Contains three basic
schemes regarding the curing method as follows:
1. The virgin samples which were tested until
final failure.
2. The preloaded and then cured in water for 28
days The preloaded and then cured in air for 28
days.
Expected Outcome:
Four-point bending tests are used to pre-crack
ECC beam specimens Deflected u p t o 2 .0 mm
with subsequent curing in water and air for 28
days. The Majority of the specimens cured in
water showed greatly enhanced mechanical
properties comparing with that cured in air.
[2] Vascular self-healing:
This approach of self-healing is inspired by
vascular system in human body. A n et wo rk o f
tubes is installed in concrete to deliver the

healing agent to the required cracked area. If one
single component is used for healing, single
channel system is used. And when healing is
done by reaction of two components, a netwo rk
of multiple channels is used.
Although, the healing agent are supplied
externally, technically, it is not self-healing.
Also, it is not helpful to cast the concrete with
network of pipes.
[3] Capsule based self-healing:
In this approach, the healing agent is p ro t ected
mechanically by a capsule. The capsule only
releases the healing agent when it is punctured by
the force from crack or change in pH of the
solution of the capsule cover. In cases where
cracking is the trigger mechanism, t h e capsule
gets cracked and the healing agent is sucked o u t
by the capillary forces in the crack.
This approach increases the lifespan of the
chemical composition or the bacteria in the
capsule. This approach is versatile and the
quality of repair is satisfactory.
However, the only problem with this approach is
the repeatability of the action throughout the
lifespan of the structure.
[4] Fungi as a candidate for Self-Healing:
Just like bacteria/bacterial spores are a dded t o
the concrete while mixing it, Fungi is added to
the mix. Trichoderma Reesei is used. It promotes
the formation and precipitation of CaCO3 which
helps filling the cracks in the concrete sample.
[5] Self-Healing of concrete using Bacillus
Subtilis:
Bacillus subtilis is a laboratory cultured soil
bacterium and its effect on the strength and
durability is studied here. The main advantage of
embedding bacteria in the concrete is that it can
constantly precipitate calcite. This phenomenon
is called microbiologically induced calcite
precipitation (MICP).
Experiment:
This experiment will include the use of the
bacteria, Bacillus Subtilis as a medium for the
production of Self-Healing Concrete. It works
according to the following equations:
Ca 2+ + Cell ----- > Cell- Ca 2+
Cell- Ca 2+ +CO3 2- -----> Cell-CaCO3
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The Materials needed for this experiment are Fine
and Coarse Aggregates, Water and Microorganisms (Bacillus Subtilis).
The concrete cubes should be casted,
cured and tested accordance with the IS
standard and 7, 14, & 28 days.
Expected Outcome:
1. Compressive strength is most important
property of the hardened concrete. The highest
compressive strength value is 27.87MPa,
obtained at 28 days by addition of 0.9% of
bacteria by weight of concrete when compared
to the conventional mix.
2. It is found that the split tensile strength was
increased at addition of 0.9% of bacteria when
compared to the conventional mix.
3. Flexural strength is the property of the
hardened concrete. The flexural strength is
increased at addition of 0.9% of bacterial
concrete.
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ABSTRACT :
The importance of resilient railway infrastructure
is paramount when considering the increased
likelihood of extreme weather and flash flood
events incoming years. One of the main causes of
instability of railway tracks is excess water in the
trackbed, particularly when it is at or above the
interface of the ballast and subgrade.

Water is the greatest threat to a railway and the
most prominent factor that adversely affect the tract
maintenance is improper drainage. Track drainage
involves the interception, collection and disposal of
water from upon or under the track. It is
accomplished by

Conventional drainage systems are susceptible to
clogging and deterioration. Resilient track drainag e
systems should therefore have sufficient capacity to
allow water to dissipate quickly, but they should
also be designed to ensure long-term operation with
minimal or easily performed maintenance. This
paper presents results from an investigation of a
potential new railway drainage system using
geocellular components. In the paper, the
development of a large scale physical model is
described which represents a full scale unit cell of a
sleeper-to-sleeper
track substructure. The physical model includes
ballast and subgrade layers, under- track and lateral
drainage systems,
rainfall simulation, and instrumentation. Results
demonstrate the relative hydraulic response of the
drainage system with and without the geocellular
components. The paper also describes the
development of a numerical model of the track
subgrade and drainage system, which was first
calibrated and verified using experimental data from
the physical model, then extended to study the effect
of certain parameters on the hydraulic response of
the railway track. Results indicate that the undertrack geocellular drainage system offers potential
benefits in terms of maintaining a lower water table
level within the subgrade as well as in aiding the
migration of fines out of the ballast.

installing a proper surface sub-surface drainage
system. A good drainage system should essentially
ensure that no water percolated into the track at
either the surface or sub-surface level and the
arrangement of drainage of sub surface sh ould b e
good and effective when required.

INTRODUCTION:

The source of moisture in a railway track are
surface water, soaked water, seepage and
hydroscopic water. The presence of excessive
water reduce the track stability erodes the
embankment in some cases may even results in
accident or derailment. The lifespan of track can be
considerably increased by providing a poor
drainage system, whatever the source of water
entering the track its removal from track should b e
quick and effective. Therefore a well design system
providing adequate drainage facilities is essen t ia l
for a railway track.
OBJECTIVES:
•To over come the water logging and overflo w o f
surface water.
•To avoid the corosion of Rail surface and to
provide the smooth subsurface drainage System.
•To reduce the sinking of ballast into wet earth
surface and to avoid the spreading of aggregat e o f
weakness of rail.
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•To overcome the overflow of rainwater o n t rack
during the time of rainy season in high rainfall
intensity area.
PROPOSED METHODOLOGY:

I)TEST on concrete
a)Slump test- It helps to decide the correct cement
water ratio (true slump is required) the range is 2 5 100 from IS-456-2000.

A project is on railway drainage system wh ere we
are reducing the losses. The major losses is caused
by pore water pressure which is develo ped u n der
the ballast.
The pore water pressure increases then ballast
contact area is get affected. So to o v ercome wit h
problem we designed a model which vanish or
reduce this type of losses. The experimental model
is consist of drainage hole and underground
reinforced concrete tunnel. The concrete t u nn el is
below ground level between the railway two tracks.
The concrete tunnel is aligned inclined. The
concrete tunnel is of circular shape because it
contain large number of reinforcement . At so m e
critical sections of concrete tunnel is made of
square shape because it's good to take bending
stresses.The concrete tunnel at the start is fixed at a
vertical columns of that only shear force and
moment can generate and not the torsion or
twisting.The line of water velocity is very h igh so
to handel that we make the en d part o f co ncret e
portion bigger because pressure is inversely
proportional to Area (p=F/A) and left that part s o f
concrete is of less surface area so that loss of
shrinkage and creep is get avoided.

b)Compaction factor test- It helps to determine t he
workability of concrete.

TEST:
I)Test on aggregate

Data Colection:

a)Impact test- It is performed to get wet aggregates
which resist the impact of loads
b)Aggregate Impact value = (crush ed aagregates
through 2.36 IS sieve/total weight of sample)*100
Therefore, the aggregate range is 10-2 0% ref ered
IS 2385 (part4)-1963.
c)Crushing test- the test is performed to check t h e
strength of the aggregate. It should be 40% refered
IS-2386 (part6)-1963.
d)Soundness test- It decide the durability of
aggregate, where 10 cycle is performed a nd ea ch
cycle is diped in sodium sulphate and average lo ss
should be in 12%. Refered IS 2386-(part4)-1963.

c)F = (weight of partial concrete/weight of fully
compacted concrete) the value within 0.75-0.80
refered IS 456-2000.
I)Test on Concrete Tunnel
1)Hoops test - this test is help to determine the
internal pressure in concrete.
Pcr = pr/t (where (pcr = pressure/Factor of sa fety)
and r = radius of tunnel,
t = thickness of concrete tunnel refer Da vid ro yal
refered David Roylance Massachusets inst it u te o f
technology.
2)Longitudinal stress-These is use to determine
pressure along the whole concrete tunnel, where
Plong=(pcr/2t-force/2πrt) refered to David
Roylance Massachusetts institute of technology.
3)Bernoullis equation-The Bernoullis eq u at ion is
used to determine the flow of velocity by
considering the height.

Laboratory / Experimental Work
Stage I: Selection of Material and Material Source
Selection of material: cement, aggregate,
reinforcement, vldpe(polyethylene).
Stage II: Identification of Laboratory Test Required
for Project
The test required for project: Impact test, cru shin g
test, slump test, compaction factor test.
Stage

III:
Test
and
Result
Analysis [Expected Parameters]

Compaction factor - 0.70 to 0.75 Slump test - 7 t o
50 mm
Impact testing - less than 30% Loss Angels test - 10
to 20 percent
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EXPECTED OUTCOMES:The model minimize all the water cloggin g wh ich
exit in the a ggregate and water will not choked
between the two parallel railway tracks.The wat er
collected from the tunnel is collected o n t he t ank
were it uses for several purpose.The track will n o t
get rusted so because of that it's durability is
maintained.
The reinforced concrete tunnel pipe is under the
ground level and align in the inclined manner. It
collect all the water from the ground level and
railway track and drain in to the specific area f rom
it get utilised. The proper material and design is
perfered inaccount to reduce all the losses and
minimize the failure which found to exist. The
losses such as shrinkage and creep get red uced b y
reducing the Surface area of concrete t u nn el p ip e
and bending stress is managed by keepin g sq uare
shape and the some portion of concrete tunnel pipe.
The various tests are performed on t h e a ggregate
such as crushing test which use to determine
strength and impact test which determine toughness
and for wearthing we use soundness test. Hoop
stress is performed to get the internal pressu re o f
the concrete tunnel pipe and from that we can know
the longitudinal stress on the concrete tunnel p ip e.
Slump test and compaction test is also performed to
the proper durability and workability. After the end
of these tests our project model ready to run on t h e
required place.
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Abstract— Waste Rubber tyre is one of the most significant
environmental hazards worldwide. Due to the fact that the available
sites for waste disposal are rapidly depleting .Hence, efforts are
being made to discover the prospective use of waste-tyre rubber in
construction technology. Crumb rubber is thought to be a potential
material for use in concrete technology. This research focused on
using scrap tires as a replacement for a percentage of the local fine
aggregates used in the concrete mixes
Keywords—Waste tyre rubber , environmental hazardous.

I.

INTRODUCTION

Tires are a major worldwide squander issue. Co llectiv ely
we drive 1.5 billion tires to the conclusion of their valuable
lives each year. They can be withdraw and reused u p t o a
point, but not unendingly. And at the conclu sio n o f t heir
convenience you've got a problem. End of life tyres (or
ELTs) are troublesome to handle for any kind o f reu sin g,
since they ’ re a complex blend of materials – common and
manufactured elastic, fiber and wire, all in a overwhelming
and clumsy bundle. They ’ re not biodegradable, so t ires
wear ’ t decay down actually. These tires are a challengin g
source of squander, due to the expansive volume created,
the toughness of the tires, and the components wit h in t h e
tire that are environmentally risky. And each year we
utilize more of them.
This has been an issue in created countries for a wh ereas,
and a assortment of techniques have risen to bargain wit h
them. The colossal sum of strong squander creat ed f rom
tires may be a major concern. Utilized tires have a serio u s
negative affect on the environment in terms of discuss,
water, and soil contamination.
All inclusive, in 2011, as it were 7% of squander tires were
reused on location, 11% were burned for fuel, 5% were
traded for handling somewhere else. The remain in g 7 7 %
were sent to landfills, stockpiled, or wrongfully d u mped;
the identical of a few 765 million tires a year squandered.
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II.

LITERATURE REVIEW

Shankar et al (2009), piece elastic altered bitumen was
mixed at indicated temperatures. Marshall ’ s b len d p la n
was carried out by changing the adjusted bitumen
substance at consistent ideal elastic substance and ensuin g
tests have been performed to decide the diverse blend plan
characteristics and for routine bitumen (60/70) m oreover.
This has come about in much progressed ch aracterist ics
when compared with straight run bitumen which as well a t
diminished ideal adjusted folio substance (5.67 %).
Mohd. Imtiyaz (2002) concluded t h at t h e mix p repared
with modifiers shows: - Higher resistance to permanent
deformation at higher temperature.
Tortet al. (2005) examined the impacts of tire ela st ic an d
total degree, blending and compactio n t emperature, t ire
elastic and cover proportion, and blending time on
bituminous blends. They concluded that for particular
conditions, rubberised black-top blends performed superior
than the ordinary blend.
Another test venture was conducted in Florida and was
assessed after 10 a long time. Comes about appeared t hat
the expansion of piece elastic utilizing the d amp p repare
made strides the split resistance of surface blends; anot her
test extend conducted utilizing the dry handle (p ort rayed
within the taking after area) brought about in more broken
ranges (Choubane et al., 1999).
The utilize of rubberised black-top is getting to be more
prevalent given the truth that it produces asphalts with
decreased clamor contamination. This was t o b egin wit h
famous in Brussels,
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Belgium, in 1981, in an black-top elastic hot blend called
‘ Drainasphalt’. Other nations, where rubberised black-t op
blends have been utilized and where break even with or
lower activity clamor lessening levels have been d etailed
incorporate Canada (1991), Britain (1998), France (198 4),
Germany (1980), Austria (1988) and the Under- lands
(1988). As a result, numerous states of the USA (Arizo n a,
Florida, California, Texas, etc.) and other nat ion s aro und
the world proceed to utilize such blends.
Chunk Rubber From Recycled Tires
The achievability of utilizing huge elastic chunks from
destroyed tires as totals in coldmixes for street
development was explored in this think about. The
investigate was directedtoward advancement o f a ch unk
elastic black-top concrete blend pla n for moo volume
roadconstruction utilizing neighborhood total, d est roy ed
tire elastic chunks and a cationic emulsion.A set of b lends
utilizing diverse combinations of chunk elastic substance,
emulsion contentand fly cinder substance were tried.
Marshall solidness comes about of blends with 10% Sort C
flyash appeared ideal emulsion substance of 6 .8, 7 .3 a nd
7.8% for 2, 4 and 6% rubber,respectively. The Marshall
soundness values diminished for expanding elastic
substance. Thetarget Marshall steadiness esteem of a
appropriate cold blend at 43oC was required to be 2225 N.
Amix with 10% Sort C fly cinder, 2% elastic and 7%
emulsion appeared an normal Marshallstability est eem o f
1600 N. Based on the Marshall soundness comes a bou t, a
few of these mixesappeared to be appropriate as folio
courses or stabilized drainable bases for moo volumeroads.
In the event that 9 kg of chunk elastic proportionate is
delivered per tire, at that point a one km long and 7.3m
wide moo- volume street with a 100 mm thick b ase b uilt
with this blend can incorporateapproximately 3 3 50 t ires.
This application can minimize the scrap-tire squander
issues ofrural communities.
Waste Rubber Tyres In Construction Of Bituminous
Road
Prof. Justo et al (2002), at the Middle for
Transportation Building of Bangalore College
compare the properties of the altered bitumen with
standard bitumen. It was watched that the infilt rat ion
and ductility values of the adjusted bitumen
diminished with the increment in extent of the plast ic
added substance, up to 12 percent by weigh t . I n t h is
manner the life of the asphalt surfacing u t ilizin g t h e
adjusted bitumen is additionally anticipated to ex tend
significantly in comparison to the utilize of
conventional bitumen.Shankar et al (2009), scrap
elastic altered bitumen (CRMB 55) was mixed at
indicated temperatures. Marshall ‟ s b len d p la n was
carried out by changing the adjusted bitumen
substance at consistent ideal elastic substance and
consequent tests have been performed t o d ecide t h e
distinctive blend plan characteristics and f or ro u tin e
bitumen (60/70) too.

This has brought about in much progressed characterist ics
when compared with straight run bitumen which as well a t
diminished ideal altered cover substance (5.67 %). M o hd .
Imtiyaz (2002) concluded that the blend arranged with
modifiers appears: - Higher resistance to permanen.
Addition Of Rubber Aggregate
Squander elastic tires were collected from streets sides,
dumpsites and waste-buyers. The collected squander t ires
were sortedas per the desired sizes for the total. The wa st e
tires were cut within the frame of total of sizes ranging
from 22.4mm to 6.00 mm (as per IRC-SP20) within the tire
cutting machine which is appeared in picture.The squander
elastic tires can be overseen as a entire tire, as opening tir e,
as destroyed or chopped tire, as ground elastic or asa crumb
elastic item. The elastic of tire ordinarily utilized in
bituminous blend, within the frame of elastic particles
aresubjected to a double cycle of attractive division, at t hat
point screened and recouped in different sizes a nd can b e
called asRubber total. It was cleaned by de-dusting or
washing in the event that required. The elastic pieces
(elastic total) weresieved through 22.4 mm strainer and held
at 5.6 mm strainer as per the determination o f b len d p lan
and these were addedin bituminous blend, 10 to 20 percent
by weight of the stone aggregateThese elastic total were
blended with stoneaggregate and bitumen a t t emp eratu re
between 1600c to 1700c for appropriate blending of
bituminous mix.As the wasterubber tires are
thermodynamically set, they are not assumed to soften
within the bitumen, at the time of blending of
rubberaggregate, stone total and bitumen in hot blend plant.

III- WORLD SENARIO ON WASTE TYRES
Each year roughly 285 million tires are included to
stockpiles, landfills or illicit dumps over the Joined
together States . The EPA gauges that the show est imate
of the scrap tire issue is two to three billion tires. On the
off chance that the national rate of tire era is utilized , it is
evaluated that on the normal, one scrap tire per individ ual
per year is gen- erated in Kansas. This deciphers to approximately 2.4 million tires per year in Kansas. The
current gauge of the num- ber of amassed scrap tires
within the state is between 4.3 and 5.5 million. Cloud,
Coffey, Leavenworth and Sedgwick Coun- ties h av e t h e
foremost scrap tires, totalling over 3.3 million. The case of
Cloud Province, a rustic province with roughly 11,000
individuals, is especially curiously. The esti- mated
number of collected tires is marginally over half a million.
The huge number of tires amassed over t h e a lo n g t im e
and currently being created makes a transfer issue wit h in
the rustic zones kan-sas.
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IV. CONCLUSION
•

To design a sustainable Road Pavement structure
filter which is versatie. Make use of locally
available materials such as dead tyres, aggregates

•

Alternative method to collection of water

•

To build an road with waste material.

•

To design base course by using waste tyre to
improve the permeability for drainage system.

•

To achieve a sufficient strength tyre will be filled
with compacted aggregates and crumbed rubber
aggregates.

•

To make a permeable layer with the required
strength for the base coure.
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Abstract: The soils are often distributed in a stratified
structure. When an earthquake occurs, there are always risks
of liquefaction for stratified soils which can cause serious
consequences. The research aims to investigate the
liquefaction and post-liquefaction deformation of saturated
sand with stratified structure. The influences of liquefaction
and post-liquefaction deformation were analyzed by varying
the thickness, position, and layers of powdery sands. The
findings showed that the correlations between the times taken
to reach liquefaction for cyclic loading and the thicknesses of
the powdery sandy interlayer are non-linear. With the optimal
thickness, the powdery sand interlayer can effectively prevent
the transfer of power water pressure. And two-layer powdery
interlayer in the sample was more favorable to resist pore
water pressure than that with single layer. The strength of
post-liquefaction deformation and failure patterns are closely
related to the distribution of powdery layer. The work
provides new research evidence on the liquefaction and
failure mechanism of saturated sands with stratified structure
under cyclic loading which often happen during earthquakes
Keywords— soil, liquefaction, earthquake, saturated, sand
boiling.

I. INTRODUCTION
Soil liquefaction occurs when a saturated or partially
saturated soil substantially loses strength and stiffness in
response to an applied stress such as shaking during an
earthquake or other sudden change in stress condition, in
which material that is ordinarily a solid behaves like a
liquid. In soil mechanics, the term "liquefied" was first
used by Allen Hazen[1] in reference to the 1918 failure of
the Calaveras Dam in California.
He described the mechanism of flow liquefaction of the
embankment dam as:
If the pressure of the water in the pores is great enough to
carry all the load, it will have the effect of holding the
particles apart and of producing a condition that is
practically equivalent to that of quicksand… the initial
movement of some part of the material might result in
accumulating pressure, first on one point, and then on
another, successively, as the early points of concentration
were liquefied.
The phenomenon is most often observed in saturated,
loose (low density or uncompacted), sandy soils. This is
because a loose sand has a tendency to compress when a
load is applied. Dense sands, by contrast, tend to expand
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in volume or 'd ilate'. If the soil is saturated by water, a
condition that often exists when the soil is below the
water table or sea level, then water fills the gaps between
soil grains ('pore spaces'). In response to soil compressing,
the pore water pressure increases and the water attempts to
flow out from the soil to zones of low pressure (usually
upward towards the ground surface). However, if the
loading is rapidly applied and
large enough, or is repeated many times (e.g. earthquake
shaking, storm wave loading) such that the water does not
flow out before the next cycle of load is applied, the water
pressures may build to the extent that it exceeds the force
(contact stresses) between the grains of soil that keep them
in contact. These contacts between grains are the means by
which the weight from buildings and overlying soil layers
is transferred from the ground surface to layers of soil or
rock at greater depths. This loss of soil structure causes it
to lose its strength (the ability to transfer shear stress), and
it may be observed to flow like a liquid (hence
'liquefaction').
Soil liquefaction occurs only in areas which have saturated
soils. Most of these areas are located near a water body
such as lakes, ponds, rivers etc. Buildings constructed in
this zone must adhere strict codes and bylaws. The soil can
sustain the ground forces in generalconditions.

II. LITERATURE REVIEW
William J hall,Ricardo dobry(1985)
In this particular report which is done by several members
of committee of earthquake engineering and National
research council acknowledges the cause and effect of
liquefaction of soil during earthquake.Basically we all
know that liquefaction mainly occurs in loose saturated
sand.The earthquake causes differential settlement and due
to this there is loss of life and property.In loosely saturated
soil due to its structure after earthquake,pore water pressure
increases and this gives rise to decrease in the shear strength
of the soil.Hence the team here works on this particular
condition.Firstly the team analysis the condition like
‘what intensity and duration of shaking will cause
liquefaction’? Or conversely can the soil survive the
anticipated earthquake shaking without Liquefaction?A
wide variety of methods have evolved for assessing the
likelihood of liquefaction at specific site within a small
region.The techniques and their limitations are summarized
in order to work under this project.The one of the method is
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to improving seismic stability and resisting liquefaction.

liquefaction occur

Dr.R.P.Rethaliya And Kanan Thakkar(2015)

● bending failure occur due to inertial load (super-

In this paper,we understood the condition of soil before and
after earthquake. Liquefaction occurs in a saturated sand
because of rapidly applied loading. It will shows that
between the particles there is a increase pore water pressure
and cannot be sustained at a place,so there will be
liquefaction os occurred.Liquefaction occurs due to the soil
is cohesionless,loose, dynamic force or ground moving,
Undrained condition in the soil.There are many ways to
prevent the liquefaction of soil but in this, they will used to
prevent the liquefaction by application of surcharge.

structure) and kinametic load (lateral spreading of soil)

● failure in shear due to shear load
● failure due to buckling instability (vertical load &
associated imperfections)

● lost in effective stress of soil leading to settelment
failure

● dynamic failure due to elongation of natural period of

G.A.Papadopoulos And Georgies Lefkopoulos(1993)

piers

In this paper,the author is deals with a magnitudedistance relation of liquefaction of soil.They will gives a
empirical formula in between the epicentral or fault
distance on liquefaction side.They will looks on history of
greece about earthquake.There is a old cityof helicein
greece which is submerged.The reason of submerged city
is extention of liquefaction.In 1767,there is about 30
cases of liquefaction and there ground will be
failled.Liquefaction
occurs
in
beach,ventfracture,lake,etc. and also in the region of high seismic
zone.When the two epicentral of different or same time
coincide with each other than more liquefaction occurs as
normally occurred.In this paper,they will not study about
dynamic force , geotechnical properties or laboratory test.

Yu Huang and Liuyuan Zhao(2018)

Vlad G. Perlea(2000)

In this article, authors are trying to explain, how the small
size particle can affect the process of liquefaction. To
explain this phenomenon authors reviewed effect of small
particle on soil liquefaction due to these three different type
of soil.

◆ the non low plastic fines (5 - 75 micro-meter)
◆ clay particle ( 0.1 - 5 micro-meter)
◆ ultrafine particle (1 - 100 nano-meter)
In their study authors finally concluded that presense of non
low plastic fines (5 - 75 micro-meter) will decrease
liquefaction resistance

In this paper we understand cohesive soil is more
resistance to liquefaction compare to fine sand when
denseness state is similar.seismi action of long duration is
required for affecting steength of cohesive soil.post
lifification behavior of cohesive soil depend on
characteristics of cyclic load and dilatancy properties,
number of cycle,amplitude frequency.

● presence of small particle will minimal liquefaction
resistance

M. F. Syofyan, Y.P. Arudua, Paulus P. Rahardjo &
Rinda Karlinasari(2019)

Authors are also saying that their are still many things in
soil liquefaction due to small particle, which are still not
understood.

In this paper, authors are focuse on how the liquefaction
occurred in the town of palu in the balaroa and they give
following 3 reason due to which liquefaction occur
● the 1st is the initial condition due to the effect of
rising water level because of rainfall.

● presence of ultra fine particle (1 - 100 nano-meter)
will increase the liquefaction resistance
● clay particle shows both effects, depending upon clay
mineralogy & Cc

M. B. de Groot; M. D. Bolton; P. Foray; P. Meijers; A.
C.Palmer; R. Sandven; A. Sawicki; andT. C. Teh

from the adjacent hill.

The word liquuefqction can be use for complete
liquefaction which is complete loss of effective stress
and also for partiql liquefaction which is generation of
pore pressure an.Two type of partial liquifaction:-

● the 3rd is rupture of aquifer layer during earthquake.

a) Liquefaction due to monotonic loading

P. Mohanty and S. Bhattacharya(2019)

b) Liquefaction due to cyclic loading

In this paper authors are revisited the two pile supported
bridges, which are fail due to soil liquefaction, but here
authors are not focused on exact reason of failure of two
pile supported bridges, authors here try to explain
numerous possible failure of the similar bridges. The two
pile supported bridges are shengli bridge (tangshan china)
which is collapse in 1976 in the tangshan earthquake &
panshan bridge, which is collapse in 1975 in the haicheng
earthquake. Authors give following reasons due to which

Liquifaction due to cyclic loading is divided

● 2nd is the high pore water pressure due to seepage

into:-a)instantaneous liquefaction
b) residual liquefaction
Bai, Mingxue and Zhang, Sumin, (1990)
Liquefaction testing at a saturated loess site was
performed under the simulated earthquake ground
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motion induced by artificial explosions with micro-time
intervals. The time histories of ground acceleration, pore
water pressure and the ultimate value of residual strain
were recorded and measured. The modified FEQdrain
computation software was used to analyze the
liquefaction. Both the test and the analysis confirm the
objective occurrence of loess liquefaction.

III. CONCLUSION.
We are expecting that a newer method which is
vibroflotation, is proving to be an effective prevention.
Technicians insert vibrating probes into the soil at deep
levels, and the trembling shakes the loose soil. The
compression of the loose soil particles lessens the number
of air pockets where water can settle.
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Abstract: High water wastage and consumption of
water for domestic use in urban areas of India.
Water wastage is higher in lower floored apartments
compared to the higher floored apartments taking
into account the higher water head in the lower
floors due to OH tanks. Also water wastage is high in
showers as the user is not aware of the water
consumed and due to improper use of nozzle in
showers without reducing water ejected. Solving
high water wastage during domestic usage with
reducing size of outlet nozzle and inbuilt tanks or
meter based cut-off system to save water. Water
conservation by giving constant discharge by
changing the water nozzle size for different floo rs
with different discharge. Water conservation by
changing nozzle diameter for showers by giving 60%
water and 40% air. Water Conservation by adding
an inbuilt tank & a cut-off system using IHD &
AMR. Identity Nozzle type and materials for cost
analysis.
Keywords— water conservation, AMR, IHD, cut-off
system, nozzle.

I.

INTRODUCTION

Water is the most basic need of human being.
Water gives life to mankind, plants, animals, birds
and every living creature. About 71% of the
earth’s surface is covered with water which is salty
and are from seas and oceans and Only 1% of the
earth's water is available for drinking purpose, 2%
percent is frozen. But that doesn’t mean this
unique, life- sustaining substance is in abundant
supply. Sufficient, clean, and safe water is needed
by everyone.
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India is the tropical country where rainfall is
irregular. This makes the management and storage
of water a crucial part. Rapid urbanization,
industrialization leads to migration of people
which puts a load on sources. Due to this we are
facing extreme water crisis today. But crisis is not
about having too little water to satisfy needs.
Today, 1/3 of the world’s population faces water
scarcity, with this number estimated to reach 4
billion by 2050. It is a crisis of managing water so
badly, that billions of people suffer. The supply of
water and energy is one of our most critical
national problems. If we cannot increase our
supply, then it is imperative to reduce our
consumption. Fortunately it has been proved that
we can conserve dramatically and in a manner
which will not seriously affect the lifestyle we are
used too.
Water and energy conservation are so intimately
intertwined that they are practically synonymous.
Any reduction in the usage of water will
automatically result in a reduction of the use of
energy. What this means, is that our whole
philosophy on the use of water is changing and
we are finally recognizing that we have been “
water rich “ over years and it is now time to get
back to reality by adjusting to our actual needs
and to practice good conservation principles.
Water if used in an unplanned manner may lead
to scarcity in future and severe drought.
Identifying losses and minimizing them as well
as cutting down the water consumption may
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serve us from the catastrophe to come. As water
being the one of the basic needs of mankind it
becomes our responsibility to conserve the
sources by means of less consumption rather
optimum consumption. If we cannot generate
water to the level required then atleast we should
minimize its consumption to the optimum level.
Several countries like Australia, California have
taken initiative towards water conservation.
So this becomes our responsibility too to put
socks on and take the initiative. Several studies
have been done in India
under this topic of water conservation, and one of
them is ‘Water saving nozzles’. So this allowed us
to make something new which will be more
efficient, economical and more durable. This
paper has put forth the new invention, new
technology of water conservation by reducing its
consumption to optimum level i.e. ‘Water saving
nozzles and Flow regulators’.
II.

LITERATURE
REVIEW

Jeffrey P. Diemand et. al. (Sep.1994) A waste
water recovery system for recycling shower bath
water for use in a tank-type toilet is provided. The
system includes a storage tank with a suction
pump to draw water into the storage tank. The
system also includes a valve which is used to
timely shut off the pump when the tank is full.
Recovered water from the storage tank is delivered
to the toilet tank when needed. A collector which
surrounds the floor drain is removably attachable
either by adhesive or suction means to the floor of
a bath or shower and has an inlet and an outlet.
Waste is drawn by a suction pump from the outlet
of a collector to the storage tank. [1]
W. Stephen G. Mann, Toronto (CA) (Jan.2002)
Image Sensors, processors, and control Systems
facilitate automatic Sensor operated bathroom
fixtures, Systems for controlling bathroom
fixtures, and methods of bathroom fixture design,
control, and management, as well as the control
and management of hygiene and water resources.
Image Sensors are used for controlling Several
showers, urinals, or water closets in large
bathroom complexes. Once ubiquitously installed
for routine control of fixtures, the apparatus
facilitates a Secondary usage Such as monitoring
by
triage
Staff, medical personnel,
decontamination officers, or law enforcement
officers during times of terrorist consequence
management. [2]
Spraying System Co. (2008) In this paper
Identification of different types of nozzles their

material types, cost of water due to wear and
corrosion were identified to help us in improving
the water conservation system .Carried out a
survey in which they identified water consumption
by different sectors which helped in estimation
and cost planning. Also they showed how
automation can help us in precise water usage.
They also found how spray system can help us in
achieving sustainable future. [3]
Prof. S.S Patil et. al.(2017) This paper mostly
comes under fluid mechanics section. This paper
is generally a comparative analysis of already
available technology with newly designed
technology. The reason behind this study is to
provide a new, cheaper, and more efficient
technology of water conservation. The necessity
of conducting this project is to minimize the cons
of available technology. In this paper we have
designed such a technology which can be used in
drought challenging regions. Here we have used
easily understandable concept of fluid mechanics
that is ‘ Orifice design’ [4]
Muthukrishna vellaisamy Kumarasamy et. al.
(Nov.2017) In 2009–2010 Sydney Water, the
primary water utility in Sydney, conducted a
comprehensive Smart Metering trial in residential
homes in the suburb of Westleigh, in Sydney’s
north. The trial involved 1923 participants
residing in 630 households and captured the views
of residents from 12 to 70 years of age. The
reduced consumption of the participant group
was maintained over time, demonstrating the
long-term value of this technology. The effects of
the technology on consumption were measured
and analyzed for the period July 2009 to June
2010, coupled with qualitative information that
was collected throughout the duration of the study.
[5]
G. M. Tamilselvan et. al. (Nov.2018) This paper
mostly comes under fluid mechanics section. The
key idea of this paper is to plan a cost proficient
framework to accomplish better water supply by
regular supervising and furthermore controlling
it from a central server to eliminate problems in
the supply of water to the habitats. The proposed
design utilizes an Arduino as minicomputer,
water flow sensor, and solenoid valves. Arduino
is utilized to control the valve and flow meter.
The purchase of water should be possible by
utilizing cayenne application in which the
requisite of water for any of the habitats can be
fixed. The proposed design takes care of the issue
of overflow, over utilization, acquiring of water
and makes an appropriate distribution. [6]
Rakib Ahemed, Mahfida Amjad (May.2019)
Water automation is all about controlling,
monitoring and even billing of water usage in
different places like hotel, house, irrigation land
and industry. The researchers done water
automation based on different purposes using
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different types of hardware and technologies.
This paper develops Automated Water
Management System (WMS) which can monitor
water tank by measuring the water flow, wa ter
level, water temperature, cut ON/OFF water
supply and send notifications to the user through
mobile messaging. All of the things are connected
through an android application that is much more
efficient and easier to control the whole process.
[7]
III.

CONCLUSION.

After the analysis we in order to save that water
we came up with an idea in which we will
introduce a meter to understand the water
consumed by the user. We also planned to add an
automatic or manual cut off system for showers
if it exceeds the water usage limit. We initially
planned to change the nizzle diameters of the
showers as well in order to allow lesser water
with maximum water satisfaction. For this we
went through papers for nozzle and water
discharge relation, smart bathroom technology,
meter and water consumption correlation, water
cut-off system. In order to conserve water we
plan to target the urban water wastage by
conserving water through minor changes

applicable in the bathrooms and if possible
recycling and reusing the water
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Abstract: The use of nanomaterials to switch the
asphalt mixture to boost its performance has
become a district of growing interest. Graphene
oxide (GO) has as of late been seen as the potential
nanomaterial for improving the exhibition of
asphalt binder on account of its profitable
properties and scattering capacity in a several
matrixes. During this study, GO modified asphalt
binder was employed in hot mix asphalt to assess
its influence on the engineering characteristics of
hot mix asphalt (HMA). A series of performance
test e.g. Indirect tensile test, strength ratio,
dynamic creep, freeze–thaw splitting and
Marshall immersion were conducted to research
the rutting and fatigue performance, moisture
stability and fracture resistance of the GOmodified HMA mixtures. Aging test results
demonstrated that GO can upgrade the
(oxidative) aging resistance of asphalt mixture,
diminish the moisture susceptibility of the aged
mixtures and relieve the impeding effect of aging
on their low-temperature execution. Results
suggest that significant improvement in
mechanics behaviour of HMA could also be
achieved by incorporating GO compared to the
traditional mixture. The GO has numerous focal
points in improving the pavement execution.
Keywords— HMA, GO, points

I.

INTRODUCTION

Due to spike in population, leading to increased
mobility demands plus development of global
trade in recent decades there is worldwide increase
in traffic volume and axle load supported by road
pavements. Simultaneously due to climate change
there are many temperature variation throughout
the year. These conditions has encouraged to
develop new Asphalt materials which can resist
more stress under severe conditions. Normal
virgin Asphalt is a hydrocarbon material which
behaves differently at different temperature.
Various additives and modifiers such as waste
plastic, polymers crumb rubber, wax etc. are
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introduced by researchers to meet performance
requirements, including stability at high
temperature to avoid rutting, sufficient resistance
to fatigue cracking under repeated traffic under
ambient temperature, as well as flexibility and
adequate relaxation at low temperature to prevent
thermal cracking. [1] In recent years many studies
are being conducted on use of nanomaterials in
Asphalt Pavement as a result of their unique
characteristics and their ability to increase
durability and service life of Asphalt Pavement.
Various studies have found that deficiencies of
base asphalt binders can be overcome by addition
of nanomaterial. Out of all nanomaterial there is
increasingly interest in graphene family for asphalt
modification due to its surprising strength,
stiffness and electrical properties. But the large
scale production of graphene is complex process
and involve high cost. However Graphene Oxide
(GO) has potential of large scale production of
graphene like material. Some benefits of GO over
graphene are such that, it can disperse in aqueous
solution due to presence of surface chemical
functionalities & it can be easily synthesized by
oxidation of graphite. Recently GO is identified as
potential additive to improve the performance of
Asphalt material due to its large surface area and
its ability to disperse in organic solvent also
hydrogen bonding potential that can react with
asphaltene molecules which improves functional
behaviour of asphalt binder [2]. Based on existing
literature, use of GO as an additive in asphalt is
still quite recent and needs to be thoroughly
investigated also there are very few research on
performance of asphalt mixture modified with
graphene oxide. Hence this is our effort to
contribute to this study.
II.

LITERATURE REVIEW

To begin with the topic Robert Young et al.
wrote a review paper on mechanics of graphene
nanocomposites. In this paper they covered
preparation and characterisation of different
forms of graphene family. Different preparation
techniques
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and structural & mechanical properties of both
graphene and graphene oxides were reviewed. It
was found that although graphene possess superior
mechanical properties than GO, they both have
high level of strength & stiffness. Initially GO was
prepared by oxidation of graphite using potassium
chlorate & fuming nitric acid, but GO produced
with this method was modified & then refined by
various scientist who found that they can treat
graphite quicker and more safely by taking water
free mixture of conc. Sulphuric acid, sodium
nitrate and potassium permanganate. It is called
Hummers method. GO as produced by hummers
method, is composed of functionalised graphene
sheet. After various tests and observations it was
found that GO has high strength & stiffness and
hence nanocomposites of GO are ought to have
outstanding mechanical properties. However in
obtaining good dispersion there are challenges in
producing graphene oxide without imparting
significant damage to flakes. But apart from
providing good mechanical reinforcement GO can
also be used to control functional property such as
electrical conductivity, thermal conductivity,
expansion and stability. [3]
In this paper Abbas Mukhtar Adnan et al. studied
improving mechanical behaviour of hot mix
asphalt using graphene-oxide. As of late,
nanomaterials have been extensively utilized in
the territory of asphalt pavement because of their
extraordinary qualities including enormous planar
surface zone and little size somewhere in the range
of 1 and 100 nm, and potential to yield novel
asphalt materials that can build the sturdiness and
service life of flexible pavements. GO has
considerably improved the resilient modulus of the
HMA at both intermediate and high temperatures.
As shown by the dynamic creep results, the
permanent deformation of the asphalt mixture
substantially decreased by increasing GO content.
Thus, proving the superior performance of
modified asphalt mixtures with regard to rutting
resistance over conventional HMA. The moisture
sensitivity analysis indicated that the inclusion of
GO enhanced the moisture stability of the asphalt
mixture by increasing residual stability and tensile
strength ratio. Incorporating GO increased the
fracture resistance of the asphalt mixture. The
improvement was more considerable at higher GO
percentages. [2]
Investigation of the graphene oxide and asphalt
interaction and its effect on asphalt pavement
performance was conducted by Yuanyuan Li et al.
Graphene oxide (GO) was used to modify two
kinds of asphalt binders. Two types of asphalt
binders were used in this research, namely base
asphalt with 80/100 penetration grade (simply
refer to as 90A) and styrene–butadiene–styrene
modified asphalt (simply refer to as SBS MA). The

gas was discharged during preparation process
was CO2. There was no chemical reaction between
the GO and asphalt binders, the CO2 was created
by the disintegration of the GO. Subsequent to
being blended in with asphalt binders, the lamella
structure of the GO was totally stripped and
dissipated to a solitary layer in 90A and SBS MA.
The separation test exhibited that GO/90A and
GO/SBS MA have great storage stability. The
penetration and ductility were diminished in the
wake of being altered by the GO, then the
softening point and viscosity were increa sed. The
GO can improve the counter rutting performance
of 90A and SBS MA in the temperature scope of
30–80 C. The GO substance of 3% can improve
the thermal stability of 90A and SBS MA and the
GO substance of 1% can improve the thermal
stability of 90A, while it diminishes that of SBS
MA. [4]
Another study was conducted by Wenbo Zeng
et al. in which they studied “The Utilization of
Graphene Oxide in Traditional Construction
Materials: Asphalt”. In the advanced research
fields of cell and energy storing materials,
graphene and graphene oxide (GO) are two of
the foremost promising materials thanks to their
high specific expanse, and excellent electrical
and physical properties. However, they was
seldom studied within the traditional materials
thanks to their high cost. Nowadays, graphene
and GO are less expensive than before with the
event of production technologies, which
provides the chance of using the extraordinary
materials within the traditional industry. Two
styles of asphalt, with 60/80 pen grade and 80/90
pen grade, were applied during this
examination. GO could improve the heat
property of base asphalt. GO could likewise
advance the low temperature property of base
asphalt. The addition of 1% GO performed
better than the addition of three GO. Both 1%
and three GO-modified asphalt could improve
the heat properties, except for the cold property,
1% GO-modified asphalt was even better than
3% GO-modified asphalt. Additionally, 1%
introduction of GO costs thrice but 3% GO,
with relation to economic considerations. These
conclusions are only limited to the materials
employed in this study and that they could also
be different for other materials. [5]
But according to some study by Liu K et al it
was found that there are two limitations in
asphalt modification by GO: 1) GO can increase
viscosity of asphalt, which is unfavourable for
mixing and paving of asphalt mixture, 2) GO
compromises thermal cracking resistance of
asphalt mixture. So to improve performance of
asphalt they proposed modification of asphalt
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temperature properties, which makes it more
suitable for hot climatic condition. On the other
hand use of GO and WCO into asphalt can
improves its low temperature properties, which
could be used in cold climatic region. [6]
Further study on this modification by Juncai
Zhu et al. found that addition of 0.05%, 3% and
5% of GO, Sasobit and WCO to asphalt mixture
can overcome above challenges. It was found
that, addition of GO increases base asphalt’s
viscosity which is reduced by further addition
so warm mix additives (such as WCO and
Sasobit). Also addition of Sasobit enhances
high temperature property and mechanical
strength of GO modified asphalt mixture while
addition of WCO improves low temperature
cracking resistance of GO modified asphalt
mixture.
[7] Kefei Liu et al. also found that mixing
sequence of GO, Sasobit and WCO can also
have significant influence on chemical reaction
characteristics, mechanical properties and
workability of CMAB. After various tests and
results he concluded that it is recommended to
add GO first and then add warm mix additives
to CMAB to improve its workability and ensure
its mechanical performance. [8]
CONCLUSION
It is found that addition of Graphene Oxide to
asphalt mixture improves moisture resistance,
compressive resilient modulus, and high
temperature rutting resistance of asphalt
mixture. It also enhances anti-aging property of
asphalt mixture and reduce moisture
susceptibility of aged mixtures. However
addition of GO also increases viscosity of
asphalt and reduces asphalt’s thermal cracking
resistance which can be overcome by addition
of warm mix additives to asphalt mixture.
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Abstract—Cellular Light Weight Concrete is a
versatile material which is made up of cement, fly
ash and protein based foam. Basically it is a new
material which is currently being used in India for
walling purpose. Cellular Lightweight Concret e
gives better sound insulation, thermal insulatio n,
durable, lightweight, uniform size & shape, reduce
permeability. It is a non- load bearing structura l
element which has lower strength than conventiona l
concrete. Cellular concrete is popular because of its
lightweight which reduces self-weight of structure.
In this paper the optimum result was found that
lightweight cellular concrete blocks are casted wit h
65% of Fly ash and 35% of cement with foam
content 1.5% of total weight and to increase its
strength sand and quarry dust is added in its
composition which replace fly ash up to 30% at an
interval of 5%. To check properties of these cellula r
lightweight concrete (CLC) blocks test like
compressive strength, density and water absorptio n
is done in the laboratory.
Keywords—Lig htweight Concrete, Fibers, fly ash.

INTRODUCTION
Currently, about ten billion tons of concrete is
produced every year. Most of this concrete is
used for construction of housing infrastructure,
transportation infrastructure, and energy
generation projects like dams.Large amounts of
concrete consumption is from developing
countries in Asia like India. To maximize its
economic output India will need to invest a lot
into transportation infrastructure like roads,
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shipping ports, residential structures. These
structures need to be betterand longer lasting. To
comfortably accommodate its population of
almost 400 million into cities India will need to
build taller, larger more massive buildings. The
use of cellular lightweight concrete can help the
developer with things like keeping the dead load
of thestructure to a minimum and also save on
transportation costs and HVAC costs.
Cellular lightweight concrete is a type of
concrete that eliminates coarse and fine
aggregates from concrete mix and uses foam as a
constituent which results in large number of
voids which reduces the density and also results
in less use of materials. It is suitable for use in
elements like wall because of low weight, good
sound and thermal insulation properties
exhibited by this material. It has a lower density
and hence will contribute less to the dead load
of the structure it is used in. However drawback of
this type of concrete is loss in strength as
compared to its regular counterpart. It doesn’t
perform very well in resisting lateral forces
experienced by the wall. Addition of fibers to
concrete can alter properties like increasing
compressive strength, reducing shrinkage
cracks and other defects, improving resistance to
tensile forces.
Pineapple fiber is a widely available
resource that has potential to rectify
problems usually experienced with cellular
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concrete, without impacting economy and
viability of project. Pineapple leaf fiber
(PALF) which is a cellulose rich , abundantly
available, is of low density, nonabrasive in
nature, has higher filling level possible,
lower energy consumption, high specific
properties, biodegradability.
LITERATURE REVIEW
Majid Ali [1] suggested that among the
natural fibers Pineapple Leaf Fiber was one
of the best performing ones. Other than the
material, aspect ratio of the fiber, the diameter
and processing done on it also affects the
properties exhibited by the fibers. This
conclusion was reached on comparing
Pineapple Leaf fiber with other natural fibers
in tests like tensile stress, tensile strain, and
elongation.
Khamphee Jitchaiyaphum et. Al [2] .studied
the effects of addition of fly ash to cellular
lightweight concrete. The concrete is made
from Portland cement, foaming agent was
diluted with water in ratio of 1: 40 by
weight, and then aerating to a density of 45
kg/m3and pozzolan materials. Along with
this fly ash was added in the proportions of
10, 20 and 30 percent by the binder weight.
Properties of compressive strength, water
absorption, and the porosity of the concrete
were tested at different stages of curing.
Inclusion of fly ash resultsin a more uniform
distribution of air voids. For a given density,
an increase in fly ash content of the mix
results in increase in compressive strength
and the pore size decreased. Fly ash not affect
the compressive strength in early age.
Shibi Varghese et.al [3], discussed that Foamed
concrete consists of cement, water, fine aggregate
and air voids. It is relatively homogeneous and do
not contain coarse aggregate phase. Properties of
foamed concrete depend on the type of binder and
foaming agent used. Here two types of foaming
agents are used – natural and synthetic. A partial
replacement of binding material is done with
silica fume which provides additional strength
compared to foam concrete without silica fume.
This paper which based on the foam concrete

properties and preparation process analyses the
research progress of silica fume effect on
performance of foamed concrete.
Ali J. Hamad [4], discussed that aerated
lightweight concrete have many advantages when
compared with conventional concrete such as
advanced strength to weight ratio, lower
coefficient of thermal expansion, and good sound
insulation as a result of air voids within aerated
concrete. This paper is attention to classified of
aerated lightweight concrete into foamed
concrete and autoclaved concrete. Also, it
exhibits the raw materials used in aerated
concrete, types of agent, properties and
applications. The production method is classified
for each foamed and autoclaved concrete. The
literature review of aerated lightweight properties
is focuses on the porosity, permeability,
compressive strength and splitting strength.
Hanizam Awang et.al [4], have conducted
experimental study on foamed concrete with
synthetic and natural fibers consisting of ARglass, polypropylene, steel, kenaf and oil palm
fiber. The foamed concrete mixtures produced
had a target density of 1000kg/m3 and a mix
ratio of (1:1.5:0.45). The fibers were used as
additives. The inclusion of fiber was maintained
at a volumetric fraction of 0.25 and 0.4%. The
water absorption, thermal and shrinkage were
determined to study the effect of the fiber on the
durability properties of foamed concrete. The
results showed that AR-glass fiber has the lowest
percentage value of drying shrinkage compared
to others.
Qin xin [4], discussed based on the foam
concrete properties and preparation process
analyses the research progress of Blending
material, admixtures and fibers. A effect on the
performance of foamed concrete, puts forward
the problem about developmentand application
of the foam concrete in current research, and
points out that the sustainable development is the
basic idea of the foam concrete further research
and application in future.
Balaguru and Shah [5] (1992) have reported
that the fibers that are long and at higher
volume fractions were found to ball up
during the mixing process. The process
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called ‘balling’ occurs and causes the
concrete to become stiff and a reduction in
workability with increased volume dosage
of fibers. This has a tendency to influence the
quality of concrete and strength.
Kriker et al. [6] (2005) have reported that in
water curing, the vegetable fiber reinforced
concrete is marginally better in respect of
compressive strength. Reported that the
maximum crack width and length are not
sensitive to the type and contact of the
fibers. However, the ultimate crack
resistance is affected significantly by use of
coir fibers. The ultimate crack resistance
was found to increase with the fiber content.
It is also reported that the average increase in
the crack resistance ratio (Crs), considering
the lower and upper bounds of fiber contact
used, is highest for coir fiber reinforced
slab. Savastano et al. (2005) reported that
the matrix cracking occurred close to the
fibers as a result of internal tensile stresses
generated by volume changes in the fibers.
Siddiqui (2004) included san fibers (0.30 0.90%) in fly ash concrete (fly ash content 30
- 50%) and reported that the fracture
toughness of concrete matrix increa sed with
fiber content. The maximum increase in
fracture toughness was found at fiber
content of 0.9%. The increase was about
7.2, 4.9 and 3.7 times for concrete matrix
with fly ash content 30, 40 and 50%
respectively at 28 days. At 91 days, the
respective changes were 4.9, 3.8 and
2.6times.also reported that addition of san
fiber increased the flexural strength of fly ash
concrete. This increase is about 5% at 0.25%
fiber content while at 0.75% fiber content
the increase is about 10%. The addition of
twines of natural san fiber enhanced the load
carrying capacity and ductility.
The current study aims at the following: (i)
study the fracture parameters of fiber
reinforced CLC material under flexure, (ii)
qualitative analysis of various AE
parameters for the corresponding crack
initiation and propagation in CLC, (iii)
quantification of damage accumulation by
studying the crack growth against the

cumulative acoustic emission counts and
(iv) identification of fracture process zone
(FPZ) using AE source location and
differentiating the type of failure modes by
correlatingAE parameters with crack mouth
opening displacement (CMOD). [7]
CLC blocks were made from protein based
foaming agent and another batch was made with
aluminum as foaming agent. These both CLC
blocks were compared against conventional burnt
clay bricks. The blocks were tested for
compressive strength. On third day of curing the
strongest brick was the conventional one followed
by aluminum foam based CLC brick and protein
based CLC was the weakest. After seventh day the
strength of protein based brick had doubled and it
was the strongest contender. After twenty eight day
the strength of protein based CLC brick again
doubled and it was again the strongest of the
bricks tested. The final day strength for protein
based CLC brick was nearly 9 N/sq.mm. Hence
most of the strength of CLC is gained later during
the curing process. This study also mentions that
inclusion of fly ash to CLC is quite beneficial. In
addition to the above points the study states that
rat trap bond may be the best way to lay CLC brick
wall. [8]
The effect of synthetic fiber reinforcement on the
mechanical behavior of CLC was studied by testing
cylinders under compression and blocks under
flexure. After adding fibers, the slump was still
high at 500mm even at addition of higher fiber
dosages of 0.55%. Surface roughness also
improved which will enhance the strength of the
brick bonds. Behavior under compression was
examined using toughness index. Strain energy
was calculated by using limiting strain of 0.01.
The degradation of strength post peak was gradual
which an indication of enhancement in toughness
is. Stress strain relation study tells us that the
modulus of elasticity for fiber reinforced specimens
was higher and peak strength was also more. The
post-peak region of fiber reinforced specimen
showed a very ductile behavior. The area under
the stress- strain curve increased with increase in
fiber dosage. The stress in the post-peak remained
almost close to that of peak compressive load.
CONCLUSION
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From the above papers we concluded that:
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reinforced
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To increase the strength of lightweight cellular
concrete fibers can be incorporated in the
concrete mix. Pineapple Leaf fiber is one of the
best options to use in cellular lightweight
concrete because it performed favorably when
compared to other naturalfibers
From Natural Foaming agent is more suitable for
use in cellular lightweight concrete because it
outperformed synthetic fiber in every test
performed and is also cheaper. Fly ash can make
void distribution more uniform and also
increase compressivestrength
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Abstract— HYPERLOOP is a very high-speed
maglev train that travels by vacuum
cylindrical tube to overcome speed limit from
wheel–rail friction and air resistance . [6] It also
highlights the technology aspects and choices
relative to worldwide MAGLEV projects such
as Propulsion, magnetic levitation and
guidance, transfer of energy to the vehicle are
investigated. Finally, the results of system
pressure was determined. As the system
pressure and the frictional drag increases with
change in Reynolds number due to which the
position of transition point moves in forward
direction. which are the typical phenomena
observed in the transition regime. [8]
Keywords- Propulsion, levitation,
Compressor, Hyperloop, EDS/EMS.

I. INTRODUCTION
Hyperloop transportation system is
exclusively new and rapid mode of
transportation. This system consists of the
Passengers Capsule which propel at a
transonic speed in a partially excavated low
pressure tube. Hyperloop concept was
introduced and invented in the year 1812 by
a British Engineer and experimented by
many people, Later on in 2013 Elon musk
was the first to explore the construction in to
the world. The Alpha Study was conducted
to achieve an new mode of transportation
system. Basically, it works on the MAGLEV
trains concept which is also one of the
fastest mode of Rail transportation systems.
MAGLEV Trains are also conducted by two
mechanism
a. EMS (electromagnetic suspension) Shanghai, China.
b. EDS
(electro
dynamic
suspension/Superconducting) - Japan.
Both the mechanism shows the same features
that is high speed with safety [2] . In EDS
system the train is levitated to 10-100mm
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above the permanent magnets and in EMS
system the train is levitated to 10mm -20 mm
along the guide way of the magnet. The
highest speed of MAGLEV train is 650
kmph. Hyperloop is designed to compensate
the resistances like frictional resistance to the
capsule. It consist of a low pressure tube
which reduces the air resistance in the tube,
it helps to increase the speed of capsule
because there is no force acting in opposite
direction as a resistance. Electromagnetic
suspension is also used to levitate the in the
capsule in the vertical direction to a certain
height, it runs on the air suspension cushion
between the capsule and the track. The chain
of magnets is installed in the either side of
the track to drag the capsule in forward
direction. This system will have high speed
and high safety to the passengers to travel
.this technology is the advanced and will
require the quality coordination from
regulatory agencies.
II. LITERATURE SURVEY
Max Opgenoord (MIT) (2017) – This paper
has disused the various mechanism to levitate
the pod inside the tube. They compared the
three systems basically that were air bearings
, EDS and EMS systems in which EDS
systems was found to be more useful because
during levitation EMS could levitate up to 10
mm and the EDS system could levitate up
to 100 mm as the levitation was more the
frictional resistances was reduced up to
negligible so that it could also helped
achieved more speed. Finally they concluded
that the most efficient system among these
mechanism was EDS system .This also
helped to increase the L/D ratio which leaded
resulted in high speed. [2] Rajshri Tukaram
Shinde et.al (2017) This paper focus on
hyperloop principle working construction
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merit and demerits [4] . The hyperloop is
based magnetic levitation .it consists of tube
on capsule compressor suspension and
propulsion Its working is based on magnetic
levitation. The Capsule is propelled in a low
pressure tube at a very high speed neglecting
friction. The hyperloop has no traffic solar
powered low cost etc and demerit are turning
movable space causes dizziness and in some
passenger’s. [4] A high speed closed-tube
transport system also known as Hyperloop
has been developed in this report. Hyperloop
transportation system can be used over the
old transportation that are rail, road, water
and air systems. Due to very high speed it
serves a cheap transportation with comfort.
Drag force reduces due to decrease in excess
pressure in the tube. [4]
A. Santangelo (2018) In this paper it is
clearly seen that it could be considered as
Modified version of Maglev transportation
system, which share with Hyperloop many
technical features and advantages. [6] A more
realistic approach was adopted , which could
create the simulation asa realistic touch using
software platforms like ANSYS CFD and
which may give the boundary conditions
related to the position and arrangement of the
tubes, for all types of alignment of tubes. The
numerical simulation were comparedwith the
dynamics at different speeds as well. [6] Main
subsystems related to loop design to study its
fundamental parameters and governing
physical principles to improve overall
performance.
Nathalie Nick and Yohei Sato(2020) This
paper studies the concept of Computational
fluid dynamics simulation of Hyperloop pod
predicting laminar–turbulent transition
Three- dimensional compressible flow
simulations were conducted to develop a
Hyperloop pod [8]. It was observed that after
a mesh dependency study second-order
convergence with respect to the mesh
refinement was found . Second, an
aerodynamic analysis for two designs, was
carried out with the speed of 125 m/s at the
pressure of 0.15 bar. The system pressure and
the Reynolds number increased, the
frictional drag coefficient also increased.
They focused on the drag force First, a mesh
dependency study was conducted to
investigate the influence of the mesh size on
the computational result, and drag force.
Second, was used to compare the

aerodynamic performance of the two
representative designs of pods, The concept
of the short model was to delay the laminar–
turbulent transition to decrease the frictional
drag. The principle was to minimize the
pressure drag in the tube by: (1) decreasing
the frontal area and (2) introducing the
laminar–turbulent transition more toward
the front part of the pod to avoid flow
separation in laminar flows.
Prof.A.V.Sutar et.al(2020) The working
relies on theprinciple of electro magnetism.
It also focus on propulsion and levitation.
The entire design conveys the air pressure
present into the capsule so that it can propel
without slowing down Mechanism of
transferring the coil: When the first coil from
right hand was magnetized it pulled the
capsule further when the capsule arrived near
the first coil this first coil was demagnetized
and the second coil was magnetized which
pulled the capsule a little further and so on
which helped the capsule in moving.
Roseline Walker (2018) This article has
critically examined the viability of
Hyperloop to determine its potential as a new
mode of transport. The discussion suggested
that Hyperloop would more convivent in
comparison of rail as well as air
transportation system. Future Scopes of
Hyperloop Systems. [7] The structural
integrity of the tube, which is constructed
from strong thick steel which would be
difficult to puncture, but in the event of a
puncture would present no harm to
passengers and result in slower pod speeds
due to the higher air pressure within the tube,
and may be overcome by the air pumping
system and pods. However it is feasible that
through further research, testing and
refinement, the Hyperloop concept could
progress in some locations and will likely
change both the face of the transport
industry, as well as socio-political
boundaries and structures as we know them.
Ahmed S. Abdelrahman et .al (2018). This
Paper emphasis on unique procedure based
on an extensive mathematical analysis and
performed from basic electromagnetic
principles, with an optimized cost for a
magnetic levitation of Hyperloop system.
Also concerned with the different
electromagnetic levitation principle that used
for the levitation of hyperloop pods . The
study of finite-element analysis using
ANSOFT Maxwell software considering the
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effects of the magnetic field distribution of
the coils due to the ac current flowing
through them is investigated. The simulation
results are in full agreement with the
mathematical analysis, which assures the
validity of the design procedure and the
magnetic analysed and used magnet wire to
form the solenoids. The next stage was to
ensure a working prototype is to simulate the
results that are obtained through the design.
Based on a detailed analytical approach, the
design is analysed, and the design parameters
are set. After the design constraints and
parameters were determined, and it was
observed that the finite element was analysed
using ANSYS Maxwell and was used to
verify the end product shows an unique
approach to EDS technology to produce a
systematic approach.
Suchitra
Rajendran
and
Aidan
Harper(2020) This Paper Review the
studies conducted in the hyperloop airline
and railway operation and other emergency
technologies. It also talk about data
description (i.e. no of passengers travelling
b/w LA to SF) terminology and events in
hyperloop transportation (arrival, uploading
departure travel arrival at terminal hub). The
methodology used is in DMADV approach
for hyperloop study (i.e.) Defence, measure,
analzye, design and verify ). The proposed
model developed under DMADV approach
help the companies that is interested in
venturing hyperloop in market. Design of
vacuum tube & passive magnets can be used
to create levitation effect and airbearings can
also be planted in it for the air suspension
Denis Tudor et .al (2019) In this article, they
have focused on the assessment of the
optimal design of the propulsion system (PS)
of an energy-autonomous Hyperloop capsule
supplied by batteries Hyperloop propulsion
are compatible with available powerelectronics and battery technologies. In this
article, we have proposed a specific
optimizationproblem for the design of the PS
of a Hyperloop capsule. This paper discusses
about proposed design method to compute
energy of capsule with respect existing BESS
and electrical propulsion technologies.
Today’s batteries and power electronics
technology exhibits characterises that are
compatible with hyperloop application,
enabling it as viable transportation.
Woo-Young Ji et .al (2018) This paper
guided an all-in-one system for hyperloop
that conducts propulsion, levitation, and

guidance. Due to increase in demand for
high-speed transportation system, hyperloop
is getting attention and studied hard globally
[10]. NSDLIM was used as a structure
similar to the single-sided linear induction
motor. In this paper, a non-symmetric
double-sided linear induction motor .
NSDLIM concepts such as structure and
mechanism of three functions are
introduced.. Requirements of the all-in-one
system were investigated, and the NSDLIM
basic model was designed. To increase thrust
force NSDLIM model that meets required
thrust force was obtained, and it was
analysed by 3- D FEM to investigate
levitation force [10]. Although levitation
force is insufficient, through additional
study such as parameter adjustment was
done to achieve the same using FEM and
application
Kee’s van Goeverden et al.(2018)
This paper studied on Hyperloop (HL)
transportation
as competitive and
sustainable alternative to the long-distance
rail transport (HSR (High Speed Rail)) and
the medium- distance APT (Air Passenger
Transport) system [9]. Also observed the
performance of the HL system considered in
different ways and from the different
perspectives of different stakeholders (i.e.,
passengers, transport operators, government
authorities, and society) the operational,
financial
social/environmental
performances of the HL system have been
investigated and evaluated. [9] In comparing
the HL with the HSR and APT system, it has
been found that the HL system has relatively
positive
social/environmentally
performances, particularly in terms of the
energy consumption, emissions of noise.
The HL system can Potentially be a very
efficient mode of transportation in coming
future.
III. KEY FINDINGS
1. EDS is more effect than any other
levitating systems
2. When the air is reduced in the tube
the resistance arenegligible.
3. Use of linear induction motor will
increase the dragforce.
4. Lift to the drag ratio of the pod are
the factorsaffecting the speed of the
vehicle.
5. Making the use of alternate
magnetized cooper wirefor coiling
6. Use DC batteries for jet propulsion.
7. NSDLIM can be used ad all in one
system.
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Abstract— The first plastic product was invented in 1907 in
New York. Since then the products of plastic has evolved a lot.
Plastic has become an indispensable product for us. The rapid
rate of urbanization has led to increasing plastic waste
generation This increase in large amount of plastic waste,
particularly plastic bags and plastic bottles has created an
additional burden on the environment. Few steps have been
enforced by the government to address the acute problem of
plastic and its effects. Therefore, we have decided to take a
socio - environmental approach to alleviate some of the plastic
effects. As an engineer our goal is to alleviate the plastic
problem and ameliorate the road conditions by incorporation
of the plastic in the bitumen layer of road. The purpose of this
review paper is to investigate the results of incorporating of
Low Density Plastic Polyethylene waste in the bitumen of the
road pavement. The plastic waste will be mixed with the
bitumen in various proportions and from the outcome of
various proportions, the optimum plastic waste proportion will
be finalized. The expected outcome of mixing plastic waste in
bitumen is increased durability and road pavement can sustain
harsh weather conditions.
Keywords— Binder, Dry Mixing, Wet Mixing,, LDPE, HDPE,
Marshal Stability

I.

INTRODUCTION

Global plastic manufacturers are working towards
increasing plastic production by 40% for the next decade
(Taylor, 2017). Now days, there exists a global
challenge confronting efficient management of the
municipal solid waste generated. Varying degrees of
environmental challenges including regular release of
greenhouse gases in the atmosphere and scarcity of
available space for waste disposal have been caused by
escalating accumulation of these wastes’ materials
resulting in inappropriate waste management. These
challenges have aroused alarming public concerns,
resulting in political legislation aimed at minimizing the
amount of wastes getting into the environment. These
activities attempt to offer solution which will enhance
sustainable waste management, while promoting MSW
recycling, and efficient conversion of waste materials to
energy, and other valuable chemicals (Idumah C., 2019)
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Due to high production and consumption levels it is
important to look at global scenario of Plastic waste
management and it is found that around 9% of all plastic
produced has been recycled, 12% was incinerated, and
79% was accumulated in landfills or the natural
environment. (Geyer R., 2017)
This work is a review for the use of plastic in road
construction, with emphasis on adding plastic into
binder of road so that it could partially replace bitumen
into bitumen concrete, thus making it more durable and
water resistant. This could lead more economical roads
of better quality.
II.

LITERATURE SURVEY

There are certain properties of plastic which are similar
to that of bitumen such as melting point, setting time and
ductility; they both can be used as a binder, etc. The road
is laid at a temperature of 160 0C, and the plastic is also
in molten format at this range, making it comparatively
easier to mix with bitumen.
There are two methods which can be adopted to mix
bitumen with plastic:
a.

Wet Mix Method

b.

Dry Mix Method

In Dry Mix Method, the basic idea is to coat aggregates
with plastic while in Wet Mix Method the plastic mixed
with bitumen in molten state. Past recent studies have
been done mostly on Dry Mixing.
In order to track the pavement industry towards
sustainable construction practices, waste plastics are used in
bituminous mixes. Waste plastic essentially is obtained
through service industries and house hold wastes used for
package purposes. Majority of its constituents are high and
low density polyethylene. The polyethylene has been
examined as bitumen modifier which increases the viscosity
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and stiffness of bitumen at normal service temperatures. The
use of waste plastic as bitumen modifier was encouraged in
India and other parts of the world to reduce environmental
pollution and also for utilization of waste materials in
pavement construction to account for preservation of natural
resources (Veerangan, 2013)
The research was focused on the use of plastic waste in
road construction. The prime focus was to modify wearing
course of flexible pavement by use plastic waste as modifier.
The wet process was adapted in this research work and the
material used were Aggregates (Fine and Coarse) along with
Bitumen of grade VG 30. Marshal mix design was used to
decide optimum binder and plastic content. The aggregate
opted were as per IRC recommendations. The test
conducted on bitumen was Softening Point Test, Penetration
Test, Marshal Stability Test and Ductility Test. The results
shows - Softening Point, Penetration Value and Marshal
Stability Value were within the limits expect for the
Ductility value. The PM bitumen is also characterized by
much lower temperature sensitivity and lower rate of
thermal ageing. The paper reflects that bitumen with plastic
has enhances the life span and performance of flexible
pavement with minor reduction in required quantity of
binder. (Duggal et al., 2020) (Kishchynskyi et al, 2019)
To evaluate the reuse of Polyethylene terephthalate waste
plastic materials (PTP) in engineering construction projects
such as road pavement construction an investigation was
performed for asphalt binder and asphalt mixtures. The
laboratory testing program for the asphalt binder included
penetration, softening point, flash point, and absolute
viscosity tests. These tests were performed for the
unmodified and modified asphalt binder. On the other side,
the laboratory asphalt mixtures design tests such as;
standard Marshall, indirect tensile and rutting tests were
done for unmodified and modified asphalt mixtures.
KENPAVE software was used to quantify the benefits of
using PTP as a modifier in the pavement system. The results
of asphalt binder tests indicated that the addition of this
modifier reduced the penetration and increased the softening
point of the modified asphalt binder. The results illustrated
that the addition of this modifier tended to increase the
strength of the asphalt mixtures. The optimized percentage
of PTP achieving the better performance of the asphalt
mixtures is 12%. Finally, the quantified benefits indicated
that addition of 12% of PTP increased the pavement service
life 2.81 times and saved about 20% of the asphalt layer
thickness (El-Naga I, 2019).
Recycling of waste plastic is an issue of great concern
worldwide because of its considerable quantity and growth.
The effects of waste polyethylene (PE) on the rheological
properties of asphalt binder were investigated in this
research. Three types of PE were adopted to prepare
modified binders with contents ranging from 2 to 6 %. A
viscosity test, performance grade test, frequency sweep test,
amplitude sweep test, and linear amplitude sweep test are
conducted to study rheological properties of PE modified
binders, compared with base binder and binders modified
with styrene-butadiene-styrene and crumb rubber modifier.
The test results indicated that the high temperature
properties of asphalt binders could be effectively improved

by the PE modifiers with different types and contents. The
high temperature grade and rutting resistance factor of PE
modified binder can be increased significantly when
compared with the base binder. With the increased PE
content, the complex modulus increased, whereas the phase
angle values decreased in most test frequencies and shear
strain, which implied that the usage of PE not only
reinforced the viscosity of binders but also enhanced the
elasticity. The fatigue properties of PE modified binders
were improved, especially at the lower shear strain range.
However, PE modifier had a negative effect for asphalt
binder on low temperature property. (Ye Qunshan et al.,
2020)
If the plastic waste is used directly as a partial aggregate
replacement in bituminous mix, the bond between the
plastic and the bitumen is weak. Therefore, the plastic waste
was recycled and modified by use of strong oxidizing
mixture of dichromate and sulphuric acid and the bitumen
was treated with a cross linking agent, polyethyleneimine.
The optimum binder content experiments were carried out
for the following bituminous mixture of Bitumen C and 8%
plastic. From the mixture design plots the optimum binder
content for mix density was found to be 7.5%. The modified
bitumen was tested for Indirect Tensile Strength and the
results showed promising results with improved stiffness.
When both the bitumen and the waste plastic were
chemically treated, an improvement of 28% in the stiffness
value was achieved. The tensile strength of the treated
plastic modified bituminous macadam mixes is found to be
10% higher than unconditioned sample. (Jafar, 2015)
A study was attempted to utilize plastic, polythene bags,
bottles and rubber tyres as partial replacement of bitumen to
develop a modified binder, for making bituminous concrete
mix. To simulate with the field conditions, ‘Marshall
Stability Analysis’ was performed on the samples prepared
by partially replacing ‘Optimum Bitumen Content’ with
waste plastic (4%, 6%, 8% and 10%) and crumb rubber (5%,
10% and 15%). Experimental results demonstrate that
partial substitution of bitumen with waste plastic results up
to 16% increment in strength whereas with rubber material,
about 50% increment in strength was observed as compared
to the conventional mix (CM). Laboratory testing results
indicate that by using waste materials, bituminous concrete
of required strength and density can be obtained and an
environment friendly green pavement can be prepared with
less material cost (Bansal S, 2017).
The analysis of test data showed that high density
polyethylene and wet method of mixing has relatively better
adhesion properties. This study recommends using waste
plastics in the asphalt mixtures to improve performance life
of the pavement and reduces the environmental degradation.
In modifiers, high density polyethylene (HDPE) is less
sensitive to moisture damage. However, low density
polyethylene (LDPE) also enhances the performance
properties of asphalt mixtures. (Safeer Haider et al., 2019)
This research focuses on enhancing the bitumen for
adverse traffic loading and extreme weather conditions and
also to provide a efficient waste management technique for
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plastic bottles. Wet mixing was adopted, but here plastic
bottles were shredded and heated upto melting point and
later mixed with already melted bitumen, whereas in wet
mixing plastic bags are used generally. Bitumen was
replaced by PET plastic in 5% and 7.5% to improve the
rheological properties of Bitumen. PMB (Plastic Modified
Bitumen) was tested for softening point, ductility value,
elastic recovery, penetration value, specific gravity, flash
and fire point and etc. The Bitumen VG 30 was selected
along with PET Bottles and aggregates as per IRC
recommendations. The test result shows that rheological
properties except ductility varies for good upto 7,5% . After
increasing the plastic content beyond 7.5% the ductility and
Marshal Stability test gives unsatisfactory outputs. (Sudheer
Pnnada, Varmsi Krishna 2020)
A comparative analysis of properties and performance of
hot mix asphalt (HMA) modified by various polymer-based
waste materials which included low-density polyethylene
(LDPE) in the form of polyethylene bags (shopping bags),
high-density polyethylene (HDPE) in the form of waste
plastic beverage bottles and crumb rubber (CR) from waste
tires. Polymer was added to coat the aggregate (dry method)
and as a modifier in bitumen (wet process). Marshall
Method was used for the analysis of control and modified
asphalt mixes. Dry method yielded better asphalt mix
properties. Optimum polymer content was determined as
percentage of optimum bitumen content. Polymer-modified
bitumen exhibited improved stiffness and reduced
susceptibility to high-temperature effects. Polymer-modified
asphalt mix is found have increased stability, rutting
resistance and load bearing capacity in comparison with
unmodified asphalt mix. In overall comparison, HDPEmodified mix was found to be the most effective. Road
construction with CR-modified HMA was found to be the
most cost-effective with Rs. 0.166 million saving per lane
km, compared to conventional, LDPE- and HDPE-modified
HMA (Muhammad Bilal et al, 2019)
The bitumen tends to get harder with additives. As
polymer based additives are costly, the use of waste
thermoplastics is used for bitumen modification. Polyvinyl
Chloride (PVC) windows, PVC blinds, and PVC cable were
used. It was found that, the properties of bitumen such as
penetration, softening point and ductility were improved
with the addition of the waste fibre. Styrene butadiene
styrene (SBS), Ethylene vinyl acetate (EVA), or
alternatively High density polyethylene (HDPE) showed
good performance. Waste plastic in powder form was sieved
through a No.50 sieve in laboratory, resulting in modifier
material with the necessary fineness for the experimental
studies. Samples were prepared by using the waste materials
at 1%, 3% and 5% of bitumen weight. The penetration
values for the modified bitumen are lower than pure
bitumen. (Köfteci, et al, 2014)
In this paper, synthetic polymer along with crumb rubber
and food waste was used to enhance the bitumen. The aging
mechanism of bitumen was studied by using short term
aging simulation by RTFOT (Rolling Thin Film Oven Test )
and long term simulation by PAV (Pressure ageing Vessel).
The Bitumen used was 35/50 with optimum bitumen content
as 5%. The experimental observation shows that after

ageing there is increase in softening point and decrease in
penetrability. The stiffness of bitumen increases after
RTFOT; the latter values are within the specification range
of 20/30 i.e, ageing of bitumen leads to change of class. (Ali
et al., 2019)
This paper addresses to the use of recycled concrete
aggregates (RCA) i.e, aggregates obtained from construction
waste due to demolition of a structure and waste
polyethylene from milk packing (WPMP). The RCA were
found to have high water absorption characteristics so they
were pre-treated with Bitumen Emulsion (PRCA). The
DBM layer was prepared using all three i.e, NA, RCA &
PRCA along with WPMP. The Bitumen grade VG 30 was
used and all the parameters regarding aggregate and
Bitumen was as per IRC recommendations. Indirect tensile
strength test, Moisture Susceptibility test, Dynamic
Modulus Test, Resilient Modulus Test, Flow Number Test
and Rutting test were conducted on mix prepared by
adopting dry mixing process. The results shows that PRCA
and RCA mixes in general satisfies Stability and Moisture
Susceptibility tests along with other test but the mixes
containing PRCA along with WPMP gives more promising
results which were far better than mixes prepared with
conventional aggregates. (Peng, et al, 2017)
This paper focuses on the use of plastic scrap as a
replacement of bitumen in Semi dense Bitumen Concrete by
adopting the dry method. The plastic used was HDPE and
LDPE but they were used in different proportions of coarse
and fine polymer flakes. The polymer flakes having size
5mm-10mm were classified as coarse flakes and size
0.25mm-2mm particles were classified as fine flakes. Six
sample mix were prepared one with 100% bitumen and in
all other mix bitumen content was kept 90% & 80% whereas
coarse and fine flakes percentages vary form 10-20%. The
result reflects that the mix with plastic scrap has higher
compression strength, greater energy dissipation, increases
overall stiffness. This mix can give satisfactory performance
in medium and high temperature areas but have a greater
tendency to crack in lower temperature areas. (MovillaQuesada et al , 2019)
This work focuses on using the thermosetting plastic
named Polystyrene (PS) as replacement of bitumen in Dense
Asphaltic Concrete and Porous Mixtures by Dry Mixing.
Polystyrene Plastic in turn is again classified into 4 subtypes
- General Purpose Polystyrene (GPPS), High Impact
Polystyrene (HIPS), Expandable Polystyrene (EPS) and
Extruded Polystyrene (XPS). After studying the
characteristics GPPS and HIPS were selected. Normal mix
was also tested in addition to PM mix. They tested the
mixture by Replacing 25% of bitumen as well as without
adding any modifier but reducing the content of bitumen.
The Bitumen and Aggregates selected were as per their
recommendation i.e, AENOR. (Which were almost similar
to IRC recommendations). The final mix was tested for Bulk
Density, air void content, Water Sensitivity, Wheel Tracking
and Particle loss test. The results show that the mix has
achieved good mechanical performance and even increased
resistance to plastic deformation. Even on replacing the
Bitumen by 50% the results were satisfactory except for the
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particle loss. So the optimum PS content must be decided
and thus the enhanced Asphaltic Concrete can be
manufactured without increasing the impact on environment
or increasing the initial cost. (Marta Vila-Cortavitarte,et
al.,2019)
The Author in this paper has worked on modifying the
characteristics of Bitumen by Polyethylene Bags. The
mixing was done directly by dispersing the polythene bags
in hot bitumen. The amount of bags was taken with respect
to the weight of binder. In all 11 samples were tested, 1 with
0% plastic and others with 1-10% plastic. The Bitumen
chosen was 60/70. Results show that penetration and
ductility of modified binder reduces and softening point
increases with increase in percentage of polymer. The
optimum plastic content finalized was 8% as beyond 8% the
stiffness of binder increases drastically and ductility value
falls beyond the recommendations. This modified bitumen
was highly recommended for tropical climate. (Abimbola &
Dahunsi, 2019)
The primary objective of this study was to evaluate the
engineering properties of modified bitumen and mixes by
using Polyethylene terephthalate as an additive for
modification of bitumen and for its potential application in
bituminous binder courses. The binders were prepared by
mixing the PET in 2%, 4%, 6%, 8% and 10% with 80/100
penetration grade bitumen at temperature of 200-220 degree
C. Various tests were conducted on the modified sample
such as Specific Gravity , Water absorption, Shape Test,
Impact Test, Abrasion and Crushing Test. Marshall Test was
also performed for Stability test. The results of various tests
performed indicated the Optimum Binder Content as 5%. It
may be concluded that PET modified bituminous binders
provide better stability when compared to conventional
binders. (Mahendra Kumar et al,.2013)
This paper aims on improving the properties of PS
modified bitumen, because when bitumen is replaced by
plastic then it brings some demerits like poor mixability and
phase separation when used beyond certain limits. Here
trans-polyctenamer and sulphur based cross linking
modifiers are used to enhance the performance of PS
modified bitumen. The PS was added to bitumen at 180 0C in
predefined proportion along with cross linking agents in
0.1%, 0.5% and 1%. The results show that cross linking
agents increases the elastic recovery and storage stability
properties of the PS modified bitumen. (Padhan, et al., 2020)
The purpose of this study was to investigate about the
influence of recycled different percentages of urban and
rural plastic waste by adding them in a dry process in an
asphalt mixture. Polypropylene present in a wide range of
products like bottle caps, bags, appliance parts, toys, and
medicine and food containers was recycled to produce
Recycled Polyethylene. The Recycled Polyethylene (RPE)
was incorporated in a dry process during the mixture
preparation. Three different percentages of various recycled
plastics were incorporated to the base mix: 2, 4 and 6 % by
the total weight of the mixture. The performance tests
include, Marshall Stability, indirect tensile strength, fracture
energy, resilient modulus, permanent deformation and creep
compliance, which were carried out on unmodified and

modified hot asphalt mixtures. Generally the addition of
RPE improves the mixture performance over the control
mixture. In conclusion, an asphalt mixture with addition of
recycled plastics has improved physical and mechanical
characteristics, as well as provides a sustainable solution at
the disposal of such waste. (Angelone, et al, 2016)
III. CONCLUSIONS
The findings of this review paper are as follows:
a . Several studies have already been done on
Dry process and IRC has also released manual
for Dry Mixing of Plastic with Bitumen.
b. LDPE and HDPE can be both used effectively
to enhance the DBM.
c . Dry Process and Wet Process can be used
simultaneously to produce high quality DBM
and Plastic can be used along with other
modifiers too.
d. PM Bitumen can be used for adverse climatic
conditions; it is more suitable for high
temperature areas.
e . Crosslinking agents can be used to eliminate
the demerits of already PM modified bitumen.
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Abstract— One of the major challenges before the
processing and manufacturing industries is disposal
of the residual waste products. Pond ash and red mud
are one of the major waste products of any aluminum
industry. The pond ash and red mud sample are
acquired form BALCO, Korba where they are
disposed off using the Thick Slurry Disposal System,
which enables quick consolidation of the slurry once
disposed at the ash and red mud pond sites. The
project work focuses on the suitability of pond ash
and red mud obtained hereby to be used for
construction of embankment.
Keywords— Pond ash, red mud, consolidation.

INTRODUCTION
One of the major challenges before the processing
and manufacturing industries is disposal of the
residual waste products. Out of the various
production industries, the ore dressing and mineral
processing industries are the major contributors
towards disposal of toxic waste products. Of all,
present emphasis has been laid on the residual
products of aluminum industries (Pond Ash and
Red Mud) which utilize bauxite (Al2 O3 ) as raw
material to extract Al out of it. Out of total
aluminum production, India contributes only
about 3% of the total world’s production. The
major aluminum producers in India are
HINDALCO, INDAL, NALCO, BALCO and
MALCO. Added to this, in the absence of any
technology that can utilize the industrial wastes
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like ash and red mud, the industries have to incur
heavy expenses in terms of land and space,
economy and government and international
environmental
norms
which
causes
comprehensive reduction in the profit margin .
This calls for an effective, economic and
environment friendly method to combat the
disposal of the waste produced by these industries.
One of the most common and feasible way to
utilize the waste ash and red mud is to go for
construction of embankments with the materials.
This project work on Ash and Red Mud aims at
characterization of the materials through
laboratory experiments, analyzing the various
aspects of their geotechnical behavior and hence
find the optimum mix of ash and red mud which
can serve better for the purpose of embankment
construction.
LITERATURE REVIEW
V.G.H AVANGlet al. (2011) studied that pond
ash is the byproduct obtained from thermal
power plant. It is combinationof bottom ash and
fly ash. About 120 million tons of pond ash is
produced in india. The cross-sections of railway
embankment have to be designed in such a way
that differential settlement of the embankment
should be minimum. Stability analysis was
carried out considering the ash embankment to be
under partially saturated, fully saturated and
sudden drawdown conditions. Analysis was
carried out with and without seismic factors for
all saturated condition also some factor of safety
values were indicated. The pond ash sample also
investigated in the laboratory for geotechnical
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characteristics. The pond ash that was used was
classified as SM i.e. silty sand mixtures
Gourav Dhane et al. (2014) carried out a study
which shows the influence of pond ash on
behavior of soil. Since pond ash is a waste
material and it requires a large space for disposal.
Therefore it is necessary to increase the
constructive use of these waste. Many studies are
done to evaluate the effect of the pond ash on
the behaviour of soil. These studies have reported
that pond ash can be used as fill material and also
for the construction of embankment etc. By
mixing of pond ash in soil plasticity behaviour of
soil changes. Pond ash has non plastic particles,
due to which when it is added in the soil plasticity
behaviour of soil decreases. Pond ash has
potential to suppress the swelling behaviour of
soil. Pond ash has silica content, which shows the
pozzolonic reaction. Also increase in the content
of pond ash the strength of soil increases.
Anjusha V.K. & Ms. Jaseena A. Rasheed (2020)
conducted an experimental study on use of pond
ash on clayey soil at varying percentage. For this
standard proctor compaction test was conducted
.Maximum dry density and Optimum moisture
content were determined by light compaction
test. The clay sample for this experimentation
was collected from Mudavanmugal in
Thiruvanathapuram district and pond was
obtained from Emerald building solution
agency. The optimum value of moisture content
is 20.51% and maximum dry density obtained is
16.03 kN/m3.
Thus the optimum percentage of pond ash
obtained is 30%. On addition of pond ash
content the maximum dry density content
increases and optimum moisture content of soil
decreases because the Pond Ash removes the
water and air present in the soil and forms a
cementing bond between soil particles.
Pond Ash: An Overview
Ash is the primary waste product and residue
obtained by burning of coal. The ash formed is
disposed by mixing it with water and certain
chemicals to render it eco friendly in the ponds.
These ponds are called ash ponds. The ash
sample used in this project is obtained from
BALCO, Korba. This plant uses coal as fuel for
its alumina extraction from bauxite as ore. The
disposal system used in this plant is called Thick
Slurry Disposal System which uses certain
chemical treatment that renders quick
consolidation of the ash slurry as soon as it is
deposited at the site. The chemical, geotechnical
and mineralogical features of ash depend on
various factors like:

i.

Type of coal used for fuel.

ii.

Degree of combustion.

iii.

Disposal system used.

The coal obtained from mines can be
categorized as:

i.

Grade A

ii.

Grade B

iii.

Grade C

iv .

Grade D

The above classification of Indian coal is based
on the carbon content, the maximum being in
case of Grade A and the minimum being for
Grade D. Thus the quantity of ash produced
varies according to the grade of coal used for
combustion. A coal having maximum carbon
content will produce minimum ash and vice
versa. The mineralogical aspect of ash varies
according to the degree of combustion of coal.
For completely burnt coal, the ash primarily
consists of P, Al, Fe and Si along with volatile
elements. On the other hand, for partially burnt
coal, like the one used for production of coke,
used in Bayer’s process for alumina production,
will consist of C also as residue.Pond ash has
been successfully characterized and used in
construction of embankments (Bera Ashis
Kumar, Ghosh Ambarish and Ghosh Amalendu,
2007). Efforts have been made successfully to
work with pond ash mixed with soil and
hardener to study upon its compaction
characteristics and hence utilize the same for the
purpose of embankments (Kumar Virender,
2004). Efforts have also been made successfully
to utilize pond ash from steel plants for
manufacture of bricks of superior quality
(Pandey, Piyush Kant and Agrawal Raj Kumar
October, 2002). Pond ash has also been mixed
with lime and the characteristics of lime
stabilized pond ash have also been studied for its
strength parameters along with durability
aspects which show its potential to be used as
embankment construction material. (Chand
Sudeep Kumar, Subbarao Chillara, July 2007).
Red Mud: An Overview Red Mud is produced
during the Bayer Process.With this process, we can
extract the aluminum(oxy)hydroxides from bauxites
and get alumina,whicheventually can be smelted and
give aluminum. It is the insoluble product after
bauxite digestion with sodium hydroxide at elevated
temperature and pressure. It is a mixture of
compounds originally present in the parent mineral,
bauxite, and of compounds formed or introduced
during the Bayer cycle. It is disposed as a slurry
having a solid concentration in the range of 10- 30%,
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pH in the range of 13 and high ionic strength.
A chemical analysis would reveal that RM contains
silica, aluminum, iron, calcium, titanium, as well
as an array of minor constituents, namely: Na, K, Cr,
V, Ni, Ba, Cu, Mn, Pb, Zn etc. The variation in
chemical composition between different RMs
worldwide is high.Mineralogically, RM has a very
high number of compounds present. The more
frequent addressed are: Hematite (Fe2O3), goethite
Fe(1-x)AlxOOH (X=0-0.33), gibbsite Al(OH)3,
boehmite AlO(OH), diaspore AlO(OH), calcite
(CaCO3),
calcium
aluminum
hydrate
(x.CaO.yAl2O3.zH2O), quartz (SiO2), rutile
(TiO2), anatase (TiO2), CaTiO3, Na2TiO3,
kaolinite Al2O3.2SiO2.2H2O, sodalites, aluminum
silicates, cancrinite hydroxycancrinite, chantalite,
hydrogarnet. A wide variety of organic compounds
are also present.
CONCLUSION
The present project can serve as a effective method
to utilize the pond ash from thermal power plant and
red mud residue from alumina plant. The strength
parameters are the only governing criteria for
stability of slopes for construction of
embankments.Thus, the present analysis and results
can serve the purpose of economical disposal of red
mud and pond ash. From the analysis of mixtures of
red mud and pond ash, mix proportion having 90%
red mud and 10% pond ash shows a 10% rise in
MDD over the mixture containing 50% red mud and
50% pond ash(1.3 g/cc for 50% red mud + 50% pond
ash and 1.46 g/cc for 90% red mud + 10% pond ash).
Also it shows a 72.5% increase in cohesive strength
for 90% red mud and 10% pond ash over the mixture
containing 50% red mud and 50% pond ash
(5.1KN/m 2 for 50% red mud + 50% pond ash and
8.8KN/m 2 for 90% red mud + 10% pondash). It also
shows a 16% rise in angle of internal friction for
90% red mud and 10% pond ash over the mixture
containing 50% red mud and 50% pond ash (33.70
for 50% red mud + 50% pond ash and 38.20 for
90% red mud + 10% pond ash). Hence, the mix
proportion containing 90% red mud and 10%pond
ash is the optimum mix that can be used for
construction of embankments. The embankments
can be constructed for the red mud ponds and ash
ponds for disposal of the slurry in the respective
ponds.
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ABSTRACT- In India, 85% of rural water
supply depends on groundwater. Groundwater
quality may be impaired by many natural
constituents such as fluoride, arsenic, iron,
nitrate and salinity of which fluoride stands first
as a pollutant of geogenic origin. Chronic
exposure drinking water containing high fluoride
can result in dental, skeletal and non-skeletal
fluorosis. Health Ill- effects caused by excess daily
intake of fluoride with drinking water is the
major contributor & has affected people in 20
states of India. currently there are some
defluoridation technologies based on chemical
separation, absorption on solid filter media,
chemical precipitation and coagulation; Physical
separation processes for defluoridation include
electro-dialysis, reverse osmosis and Nanofiltration. However, in poor rural areas, many
technologies have failed in the field due to high
costs, non- availability of skilled operators,
unpalatable taste of treated water and
impractical operational requirements. A simple
and affordable technology that is acceptable to
users is a need of the hour. Also, these techniques
are costlier and required large amount of
electricity for their working.
Therefore need of sustainable resources which
are organic, locally available & have been
successful used in past arises. Plants & medicinal
herbs like neem, aloe vera, tulsi, amla, as well as
various other flowers, roots, bark, etc in extract
form or in powdered form have been efficiently
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used in Indian historically as well as in rural
areas, traces also go to various other continents
like Africa & Latin
America were uses of such material is still going
on in various rural regions to purify water.
Key words:- fluoride, neem, tulsi, extract,
powdered form
I.

INTRODUCTION

In villages, water used by people from their own
source or public water supplies is mostly without
treatment. Therefore, there is an urgent need for
development and widespread promotion of simple
disinfection technique of water purification for
rural/tribal area. Herbs like tulsi (ocimum sanctum),
neem
(azadirachtaindica)
and
amla
(phyllanthusemblica) can be used for water
purification are easily available in india. In line with
current problems facing local communities, the
investigations into the possible usage of local plant
materials for water treatment in rural areas is
becoming the major focus. Special considerations
are placed on the softening of hard water, lowering
of turbidity, removal ofsuspended solids (ss) and
elimination of bacteria (pathogens) (Rajesh R.
Wankhade, 2016).
The use of plant materials as natural coagulants to
clarify turbidity of wastewaters is of common
practice since ancient times (Nilanjana, 2005)
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Powdered roasted grains of Zea mays were used by
soldiers in Peru as a means of settling impurities in
the 16th and 17th century. In India, ancient writings
refer to the use of the seeds of the Nirmali tree
Strychnos potatorum as a clarifier. The sap of tuna
cactus (Opuntia fiscus indica) is widely used in Chili
as water purifying agent. Similarly, dried beans
(Vicia faba) and peach seeds (Percica vulgaris) are
widely used for this purpose in Bolivia and Peru.
Tunaflex and Nirmali seeds have been successfully
employed in municipal treatment plants in
combination with alum (Sutherland et al., 1990).
II.

LITERATURE SURVEY

Since Vedic period, utmost importance is given to
conservation and protection of water which is
reflected by a few sayings such as: ‘Plants and water
are treasures for generations’ (ṛgVeda, vii.70-4).
‘Waters and herbs should have no poison’ (ṛgVeda,
vii.70-4 vi – 39-5). ‘Waters are to be freed from
defilement’ (Atharva Veda, x-5-24’) etc based on
this evidence, it is known that the earlier people had
given a vast focus on conservation of water and
plants. The data, on nine important medicinal plants,
has been collected from ancient manuscripts and
electronic data base(google scholar). The list of
plants have been referred by various Ayurveda
nighaṇṭus and dravyaguṇa texts to authenticate plant
terminology and pertained articles have been
studied. Each plant has been tagged with the relevant
information of their morphological features,
biochemical properties and propagation techniques,
it is disclosed in a table form. The present paper
shows the current status of proposed research and
explores about a traditional method for water
purification by using mixed ash of nine significant
plants viz. 'dhava, aśvakarṇa, asana, pāribhadra,
pāṭala, siddhaka, mokṣaka, rājadṛma and somavalka
. However, a standard measure for this is not known.
Also a scientific study on this aspect is not yet
happened. Here, a plan of study is done on this
aspect to explore the efficacy of the mixer ash of
plants in purifying chemically contaminate water.(
Dr. Siva Panuganti et al.,2015)
The study involved creating an inventory of plant
extracts that have been used for water and
wastewater purification. A prioritisation system was
derived to select the most suitable extracts, which
took into account criteria such as availability,
purification potential, yield and cost of extraction.
Laboratory trials were undertaken on the most
promising plant extracts, namely: Moringa oleifera,
Jatropha curcas and Guar gum. The extracts were
added to water samples obtained from five shallow
wells in Malawi. The trials consisted of jar tests to

assess the coagulation potential and the resulting
effect on physico-chemical and microbiological
parameters such as temperature, pH, turbidity and
coliforms. The results showed that the addition of M.
oleifera, J. curcas and Guar gum can considerably
improve the quality of shallow well water. Turbidity
reduction was higher for more turbid water. A
reduction efficiency exceeding 90% was achieved
by all three extracts on shallow well water that had
a turbidity of 49 NTU. A reduction in coliforms was
about 80% for all extracts. The pH of the water
samples increased with dosage, but remained within
acceptable levels for drinking water for all the
extracts. Overa ll, M. oleifera powder produced
superior results, followed by Guar gum and lastly J.
curcas. There is a need to carry out further more
detailed tests, which include toxicity to guarantee
the safety of using plant extracts as a coagulant in
the purification of drinking water for human
consumption. (M. Pritchard et al., 2009)
This research was aimed at finding the efficiencies
of powdered seeds of M. olifeira, H. sabdariffa and
C. tridens as natural water treatment agents
alternative to the use of synthetic chemicals.
Similarly, the efficiency of mixture of each of the
plant with alum was tested. The optimum dosages
and turbidities (NTU) were observed . The values
obtained for M. oleifera and combination of each
plant with alum were observed to be within the
WHO maximum permissible level of turbidity in
drinking water. The result indicated that the plants
analyses have the ability to act as water coagulants.
Based on the result obtained Moringa oleifera had
the highest coagulant ability which may be
compared with that of alum, followed by the
Habiscuss sabdariffa with Corchorus tridens as the
least. Better results were obtained when the
individual plants were combined with alum. Since
alum is very expensive, mixing of alum and M.
olifeira in water treatment may be considered in
place of alum which is very expensive. (U. A.
Birnin-Yauri et al., 2012)
The paper indicates the work which has been carried
out to improve the quality of drinking water of
municipal supply of Thatipur, Gwalior (M.P.) region
with the application of plant extracts of Moringa
oleifera, Arachis hypogaea (peanuts), Vigna
unguiculata (cowpeas), Vigna mungo (urad) and Zea
mays (corn). During this work, examination of
treated and untreated sample water for heavy metals
and microbial counts was analysed & results showed
a significant decrease in the total bacterial counts up
to 90% and in control water samples, total bacterial
count (TBC) was 1200 cfu / ml . It also helped in the
coagulation of the heavy metals like lead, copper,
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nickel etc. present in the treated water samples. It has
been examined that seeds and leaves extracts were
also more effective in clearing and in sedimentation
of suspended organic and inorganic matter present
in water samples. 95% of heavy metals were also
removed in treated samples. This work concluded
that application of combine seeds and leaves plant
extracts can be highly recommended for domestic
drinking water for purification and this technique
can be applied for water purification in developing
countries, where people are used to drink
contaminated turbid water. It will also improve the
both health and wealth. This technology will
encourage small-scale enterprises to be established
in the rural areas.( Shweta Chauhan etc al., 2015)
This paper focuses mainly on removal of Fluoride
from the water as presence of these chemicals are
posing serious threats to the Rural and tribal
populations who cannot afford the available costlier
techniques. So, it is the need of the hour to introduce
the cost effective and efficient method for the
removal of the Fluoride from water. Then samples
of water were collected & analysed to evaluate the
initial characteristics before they are subjected to the
filtration through the prepared filter media. Water
Samples were tested for the following
characteristics:
1.

pH.

2.

Fluoride Content.

3.

Hardness.

4.

Arsenic Content

Focus of this paper was the preparation of the filter
media which will consist of a filter disk made up of
various compositions with different percentages of
herbal materials as below.
Fig. 1 Composition & trial of materials
The above collected samples of water were treated
using low cost water purifier using herbal materials.
The same parameters which were analysed before
the filtration of raw water were analysed for filtered
water after the filtration. The above results indicate
that the average % removal of fluoride from water is
observed to be around 51.35% & 47.77% using tulsi
& neem powder. Even though the overall % removal
is seemed to be quite on lower side but this much
efficiency is enough for making the water fit for
drinking purpose. So, the proposed Low-cost water
filter can be used for the filtration of water
containing fluoride. However further research work
can be extended to improve the efficiency of the
system.( Ashwini Yevate et al., 2017)

There has been an attempt to find alternative natural
way to treat the rural drinking water. The experiment
trials were undertaken on the most promising plant
extracts, namely: Moringa oleifera, Jatropha curcas
and Guar gum. The extracts was powdered and
sieved through a 600 micron sieve and were used to
treat contaminated water obtained from a number of
wells. Sedimentation jar tests was done determine
the coagulation properties of the plant extracts to
determine the proper dosage of the cougalent. The
results showed that the addition of M. oleifera can
considerably improve the quality of drinking water.
A 100 % improvement both in turbidity and
reduction in Escherichia coli. The reduction
efficiency is higher for more turbid waters. The
results indicated that M. oleifera can reduce turbidity
of shallow well water. M. oleifera results for more
turbid water ([200 NTU) were better than less turbid
water( Omprakash Sahu et al., 2014)
An experimental investigation was carried out for
the treatment of waste water using low cost
adsorbents.The peel of orange and cinnamon were
used as adsorbent in this study by carbonization and
dehydration methods and the effect of ph, contact
time adsorbent dosage and adsorbent particle size in
removal of pollutants present in waste water were
evaluated.The studies showed that the orange peels
and cinnamon were most effective than the banana
peels in the removal of pollutants from the waste
water. The carbonization method is found to be more
efficient than the dehydration method. Orange peel
found to be more efficient in both the methods with
highest percentage removal of 50.1% and 14.3%
respectively.( T. Varun kumar et al., 2019)
Utilization of activated carbon for organic
contaminant removal from drinking water is
commonly practiced in point-of-use (PUO) water
applications in Malaysia. Public health concerns and
demands on water purity with the stated goal in
Millennium Development Goals (MDGs) of
improving access to safe drinking water by halve
ahead of the 2015 has prompted the need to feasible
conversion and sustainable solutions. This study
investigated the efficiency of activated carbon from
coconut shells as the potential cost effective
absorbent material in drinking water filter due to its
nature of greater micro-pores, inexpensive and
abundantly available over other agricultural byproducts. Activation of the coconut shell carbon was
first carried out by carbonization in the exposure to
nitrogen (N2) atmosphere followed by heating with
the activating agents for a specific retention period.
pH test and dynamic testing of filtered water were
conducted using the protocol established by
ANSI/NSF Standard 53 (Health Effects of Water
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Treatment System). The pH value was indicated to
increase proportionally to the level of filtering,
which has achieved a constant value of 6.41 after
eight times of filtering. Additionally, the activated
carbon has removed Methyl Tertiary-butyl Ether
(MTBE) to non-detectable level, which is less than
1 part per billion (ppb).
The non-detectable level has sufficiently reduced the
odour and taste problems. Therefore, activated
carbon from coconut shells has considerable
potential as the cost effective absorptive material in
a drinking water filter (Hooi Peng Lim et al., 2013)
Water purification using plants is a great natural
method to treat mainly used water. Some plants have
been proved to be excellent for water purification.
Plants like the Prickly pear cactus (Opuntia ficusindica), Moringa (Moringa oleifera), Nirm ali
(Strychnos potatorum), Tulasi (Ocimum sanctum)
etc. have the capacity to purify water. The Opuntia
ficus-indica was used for water purification by
Mexican communities long back during the 18th and
19th century. Several plants have been still in use to
treat contaminated water by the tribal communities
in India. A group of scientists from the University of
South Florida in Tampa rediscovered the natural
method of water purification using Opuntia
ficusindica in 2010. Mucilage from the desert plants
is glue like gummy substance which acts as a
flocculant in water (e.g. Opuntia ficus-indica).It can
precipitate substances into flakes and hence can
remove substances like heavy metals (selenium,
chromium, cadmium, arsenic etc.) and even bacteria
from water. When this gummy mucilage is added to
water, it sticks to the particles and bacteria, which
later sediments down to the bottom of the water. As
per the new reports 98% of added bacteria were
removed from the water sample. Ocimum sanctum
is a famous medicinal plant and finds a widespread
application in India. The seeds of this plant are also
known for their water purification properties.
However these seeds can purify water up to a certain
extent (seed size is too small) and make it palatable
for domestic purposes. Strychnos potatorum plant
seeds are also commonly used to clean water in some
states of India. (M.S. Shekhawat 2013)
The present study was focused on evaluating the
efficiency of Ocimum sanctum and Azadirachta
indica to disinfect water from Lake, River and Well.
In vitro antibacterial studies were carried out using
aqueous leaf extract and fresh leaf juice against
Salmonella typhi, an indicator microrganism.
Ocimum sanctum and Azadirachta indica showed
increase in antimicrobial activity with increase in
concentration at specified contact time (18hrs).The

antimicrobial effect of Aqueous extract showed
better MPN reduction [ i.e. from 313 to 7 (Neem)
&10 (Tulsi) for Well water ; from 175000 to 16000
(Neem) & 40000 (Tulsi) for Lake water ; from
125000 to 70000 (Neem) & 26000 (Tulsi) for River
water] than the fresh leaf juice [ i.e. from 313 to 345
(Neem) & 1800 (Tulsi) for well water ; from 175000
to 152000 (Neem) and 175000 (Tulsi) for Lake
water ; from 125000 to 180000 (Neem) & 210000
(Tulsi) for River water ] . The alcoholic extract
showed the best result [ i.e. from 313 to 0 (Neem) &
2 (Tulsi) for Well water ; from 175000 to 4000
(Neem) & 2000 (Tulsi) for Lake water ; from
125000 to 2000 (Neem) & 2000 (Tulsi) ].(
Tanushree Bhattacharjee et al., 2013)
The reduction of TDS by using herbal plant parts
are effective and can be implemented in the field of
water purification systems. The herbal mixture
(Neem leaves, Vettiver root, Thulsi leaves and
Lemon peel )is used in reducing the dissolved solids
effectively in the waste water. Time is also an
important factor in removal of TDS. The increase in
time from 60 min to 120 min helps in removing
excess dissolved solids from the same domestic
waste water samples. In the present study, the
evaluation of herbals in reducing the TDS has been
done to determine their efficacy in community waste
water treatment. Hence it is concluded that the
herbal mixture used in this study can be highly
recommended for domestic waste water purification.
The herbal mixture is reduced the TDS content to a
remarkable extent, but the water is n o t completely
purified. However they drastically reduce the
number of suspended and dissolved substances.
(Anonymous)
There are different techniques accessible for
purifying drinking water yet not m onetarily
plausible for destitute individuals. Interval
arrangements are obviously required. Ocimum
sanctum (Tulsi) and Azadirachta indica (Neem) are
natural plants which have antimicrobial movement
against a significant number of the microorganisms
usually found in water sources making sicknesses
individuals. This study manages the coagulation,
flocculation, sedimentation and cleansing
methodology utilizing neem and tulasi seed as an
eco-accommodating characteristic coagulant and
disinfectant water. Common herbs like neem and
tulasi seed powder is utilized to illuminate and
sterilize the water. This strategy is useful for treating
turbid water in lakes and lakes in country territories
which is in the scope of 0-40NTU viably and
productively. Both the Neem a nd Tulasi seed
concentrates acts well as elucidating and sanitizing
executor, yet at the same time the Neem seed
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concentrate can perform better as a disinfectant. This
strategy can be executed in provincial territories to
make utilization of the compelling and efficient
system for water treatment to dodge the danger of
getting water borne ailments.( Parthiban L et al.,
2017)
The following paper focuses on a method to develop
a “Low Cost Water Purification Technique” using
the basic ideas of bottle filter, some locally Herbal
available filter material like Tulsi leaves powder,
Neem leaves powder, Rice Husk, Sugarcane
bagasse, fine graded sand and tries to improve the
methodology using the UV Filter, RO Filter, and
Activated Carbon Filter mechanism. Main focus was
removal of iron from surface water by adsorption
technique. Among all the herbal material used, the
ash produce from rice husk was proved to give the
best result in removal of iron and also available in
local area having the cheapest material cost. Locally
collected Sugarcane cane bagasse and neem leaves
powder mixed with calcium hydroxide (chuna) was
prepared which also proved to be effective for
removal of iron. Adsorption being the simplest and
cheapest technique for iron removal, it has several
advantages, like longer filtration runs, shorter
ripening time, better filtrate quality. But the only
limitation is back wash water requirement is
essential for the filter media to run effectively. Sand
being the cheapest adsorbing surface is very
effective in removal of dissolved iron from drinking
water and the rate of filtration is also very high. The
only demerit is subsequent development of bacterial
layer due to rigorous use. Again back washing is
needed time to time. Tulsi leaves powder is not
improve to be a good adsorbent in removal of iron.
Neem leaf powder mixed with chuna (Ca (OH) 2)
proved to be good result in removal of iron compare
to untreated neem leaves powder. Because modified
neem powder decreased the rate of filtration.
Aluminum hydroxide coated RHA also proved to be
a good adsorbent in removal of iron. Sugarcane
bagasse, the removal is not so significant. This may
be due to lager particle size of material being used.
Smaller the size of particle larger will be the specific
surface and better will be the removal.(Abhijeet
Kumar 2013-14)
World population increasing year to year and
reaching 7 billion in 2012 whereas an access of
getting pure water remains a problem especially for
people who live in developing countries. The
severity is much observed in rural dwellers who is
their source of drinking water is surface (raw) water
which is not purified and this results for transmission
of waterborne diseases. To reduce such like
problems and the strong push to meet the drinking

water needs of the developing world have led to the
recent growing interest in using plant based natural
coagulants and disinfectants and plant species
showed promising result in coagulating and
disinfecting raw water. The widely studied plant is
Moringa oleifera which used a s primary coagulant
and coagulant aid. Other plant species also showed
a very good result in coagulating turbid water
however few reports are available in disinfecting
capability of plant species therefore studies should
focus in disinfecting ability of na tural products.
Beyond their advantages over Alum, natural
coagulants have also limitation. For instance they
increase organic load in the water which tend reestablization to occur. In addition water treated with
natural coagulants (e.g. Moringa) was reported only
used for 24 hours and inefficiency of treating low
turbid water is another problem. To avoid the above
stated problems researchers are investigating the
active component rather than relying on crude
extraction and protein was reported to be the major
active component used in coagulation. (Moa
Megersa et al., 2014)
The present study has suggested that the acetone
extracts of M. oleifera seeds have potential as
antibacterial compounds against pathogens and their
ability to either block or circumvent resistance
mechanisms could improve the treatment and
eradication of microbial strains. Thus, plant seed
extracts could be used in the treatment of infectious
diseases caused by microbes. These extracts could
probably be promising natural antibacterial agents
with potential applications in controlling bacteria
that cause waterborne bacterial diseases. Since the
acetone extract of the seeds has shown better
bactericidal activity, further studies on the isolation
of active elements are needed. This investiga tion
facilitates benefits to those who cannot afford and or
have access to clean drinking water in Ethiopia and
elsewhere. Moreover, a study is also required to
optimize the appropriate concentration needed to
bring about the reduction in turbidity and coliform
count to WHO’s standard for effective utilization of
the seed for water purification. In this investigation,
M. oleifera was prefered to pay more attention
toward a green and ecofriendly approach which
avoids environmental pollution and or
contamination. (Ashenafi Delelegn et al., 2015
III.

CONCLUSION

•
Herbs has many properties of purifying
wholesome water which can be consumed for
drinking.
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•
Basic plants like neem, tulsi, etc are very
much capable in decontaminating & defluoradation,
etc & has many anti bacterial properties.

•
Some flowers posses properties of
absorption & settlement of solids leading to turbidity
in water.

•
M. oleifera ( drumstick) has been tested on
basis & has given satisfying results in reducing
turbidity as well as E-Coli bacteria as well. Plants
analyses have the ability to act as water coagulants.
Based on the result obtained Moringa oleifera had
the highest coagulant ability which may be
compared with that of alum, followed by the
Habiscuss sabdariffa with Corchorus tridens as the
least.

•
Use of locally available herbs will provide
economical techniques in water purification.
•
The herbs & plants used are widely
available in Indian regions including rural areas.
•
No skilled labour or use of complex
techniques will be required to conduct the operating
after the set-up of purification filter.
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Abstract—The generation of electricity has been taking place
from the 1800's with the extensive use of non-renewable
resources like fossil fuels, coal etc. With the increase in
population the demand for supply of electricity has increased
rapidly leading to the depletion on these non-renewable
resources. In order to prevent the depletion of these fuels
and also to control the carbon footprints and greenhouse gas
emissions caused by its consumptions and utilization for
electricity generation the need to find sustainable alternatives
is necessary.
Over the past decade many alternatives were found for the
generation of electricity like solar power and wind energy,
however these methods are highly dependent on various
factors like open spaces, sun light, no obstruction, long
exposure etc. The concept of kinetic footfall is based on
harvesting energy from human footsteps, the amount of energ y
created with actionslike walking, jogging and running is stored
and converted into electricity which otherwise would be lost to
the ground. The medium of collecting this energy is in the form
of tiles placed on pedestrian walkways so that when a person
walks over them the energy is converted and can be then used
for low energy devices. This is a step towards sustainable and
greener way of development of any area
Our goal is to use the population to the advantage of this
project.
Keywords—Electricity Generation, Non -Renewable Sources,
Depletion, Kinetic Energy, Footfall, Tiles.

I. I NTRODUCTION
Electricity is essential for modern life, yet almost one
million people live without access to it. Challenges su ch as
climate change, pollution and enviro nmental d est ructio n
require that we change the way we generate electricity.
Access to reliable electricity is vital for human well-b ein g.
The demand for electricity will continue to rise with the
increase in population. Harvesting energy is nothing but
conquering energy which is wasted from naturally occurring
energy sources and then storing it properly for later on
period. Human body generates a lot of energy wh ile d o in g
the most-common activity like walking. Every foot fall cause
pressure when the foot hits the floor, which goes untapped.
With the ground surface engineered to harvest t h e energy ,
power can be generated from the human footfalls, stored and
used as a power. In order to achieve a sustainable world, the
alternatives of energy generation must be used so t hat o ur
fossil fuels are not depleted and cleaner energy gen erat io n
methods are put into application.
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II. LITERATURE SURVEY
A device was made which helps in converting kinetic
energy into power generation which can be used at crowded
places to lighten up street lamps, advertisement billb o ards,
lighting railway stations, etc. Device was made using piston,
wrist pin, connecting rod, crank shaft, fly wheel to store
energy, bearings, spring and top plate fixed to main f rame
including all electric, mechanical, generator and other
supportive components. The principle app lied was a s t he
footstep was placed on it the plate moves downward alo ng
with its piston making the crank shaft rotate and the en ergy
is then transferred in the generator which converts AC in t o
DC. After remova l of force the plate comes back to its
original position. Few disadvantages were its self weight
and
maintenance.(Amel
Farouk.et.al
2015&
P.R.Magdum.et.al 2017)
Energy Generating Floor (EGF) was developed wh ich was
comparatively cheap , easy to install and could be used
anywhere due to its compact size. For instance, Railway
stations, gyms, malls, etc making it more efficient in use.
The principle used was energy generated using
piezoelectric effect shown by metals like Lead Zirconate
Titanate(PZT) electric dipole moment in solids . These EGF
are available in different colours, logos light effect etc.
which not only help in generating electricity but are also
aesthetically pleasing and they can also be used at any place
having maximum population for getting maximum
outcome.( Rupendra Kumar Gohite.et al 2014, Noor Am ila
Wan Abdullah Zawawi.et.al 2019, Putri Berlian Abadi.et.al
2018)
New techniques were used named as Reverse ElectroWetting in which a dielectric coated conductive liquid is
used to generate electricity due to vibration produced o n it .
Fly wheel is attached to this in addition which causes
rotation and the energy generation is stored in batteries
connected to control display system and generator. The
entire framework is attached to iron bars which in turn h elp
in generating maximum outcome and can be used at p u blic
places.(Shiraz Afzal.et.al 2014)
This paper mainly Focuses on how to maximize benefits
from piezoelectric energy harvesting mainly in interior
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spaces. Here their main aim was CO2 reduction, electricit y
bill reduction and saving energy consumption. A
comparison was made on using different piezoelectric
technologies their lifespan, price, specifications and b ased
on their uses a nd their suitable design features for it . Ea ch
technology produces different watts of electricity, so
according to the budget the choice of instalment is d o n e.(
Adnan Mohamed Elhalwagy.et.al 2017)
Pavegen tiles were replaced with normal tiles which help in
generating electricity from human footsteps using
piezoelectric materials. The size of the tile was 600 × 450 ×
87 mm made up of stainless steel and recycled rubber. Since
the tiles were made using recycled materials they can also
be recycled. Only 5 mm of deflection is required to produce
enough amount of energy without causing tripping hazard to
humans.This deflection produces on an average 7Kw of
electricity ( 12Kw in peak hours and 5Kw during off
hours).Java code was used to design and Net Bean was used
to calculate energy generated and to get information o f t h e
future scope to increase the energy generation. The tiles also
require skilled labour for maintenance work hence
employment rate was increased.(Fat ima Zahra B o u zid y
2017 , Zhen Liang Seow.et.al 2011 & Angela Montagud
Martinez 2017)
In this four different solar power projects were compared t o
four different kinetic footfall projects. Both C o ncen trated
Solar Projects(CSP) and Kinetic Footfall Projects( KFP) had
same advantage i.e. reduction in greenhouse gases and CO2
reduction but it was proved that KFP were a better solu t io n
than CSP because CSP projects require remote location
having no obstruction and longer duration of sunlight
exposure also high funds were required for eq u ipments o f
CSP projects. KFP sites can be at indoor as well as out d oor
locations.( Kimberley E Diamond 2017)
Energy can be harvested from human walking in two ma jor
ways, the first way being body harvesters and p avement
equipped harvesters.Pavement equipped harvesters are more
reliable and gives consistent output whereas body harvesters
depend on various physiological parameters.Kinetic energy
harvesting mainly converts movements like vib ra tio n in t o
electrical energy. Human walking is one of the major
movements which generated frequency of less t h an 1 0 H z
which can be converted to supply electricity to low powered
devices. The human body uses 1.07x107 J of energy ev ery
day which equals the power of approximately 800 AA
batteries. The research also shows that the taller participants
managed to harvest 20% more energy than the shorter
participants.The power harvested while walking downwards
is significantly greater then while walking in the upward
direction.Various
mechanisms
including
piezoelectric,electromagnetic, electrostatic or by using
magnetostrictive materials are used for converting the
energy.(Elham Maghsoudi Nia.et.al 2017)
A full bridge rectifier is the most commonly used power
conditioning circuit and is considered as st andard en ergy
harvesting circuit. Even though there is a phase d if ference
between the voltage and current thus produce negative power
i.e some energy flows back to the mechanical part of the

system. In order to avoid the phase difference and boost t h e
output power Synchronous Electric Charge Extraction
(SECE) and Synchronized Switch Harvesting Inductor
(SSHI) are provided.A monolithic multilayer piezoelectric
stack is used as a transducer and it is surro u n d ed b y f o rce
amplification frame. The force amplification frame is used to
multiply the input force from human footsteps.( Haili
Liu.et.al 2019)
III. CONCLUSION
All the research shows that the generation of electricity
through footsteps is possible and directly proportional to the
amount of load falling on the tile. Increase in load increases
the current and voltage. The application of these tiles in
crowded areas will give best results. The energy gen erat ed
can be used for lighting street lamps etc. It will also be
economical in these areas as the amount of electricity
generated will be at par to the cost of the constru ct ion an d
installation of tiles. Proper maintenance will ensure its lo n g
life span hence increasing its benefits
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Abstract—This research attempts to find the accessible natural
fibres as an asbestos replacement in the production of fibre
cement board. The use of asbestos fibres in construction
products has been banned in many countries for about two
decades due to its effect on human health. At present, many
developing countries like India use asbestos in need of
affordable building supplies. The development of commercially
viable environmentally friendly and healthy materials based on
natural resources is on the rise. In this sense, natural fibres as
reinforcements for cement mortar composites constitute a very
interesting option for the construction industry. This paper
presents a review of the research done during the last years in
the area of the cement-based composites reinforced with natural
fibres.
Keywords— Fibre cement boards, natural fibres, asbestos fibres

I.

INTRODUCTION

Fibre cement board (FCB) may be versatile green material,
strong and sturdy. It is a substitute for nat ural wo o d a nd
wood based products like plywood or oriented strand
boards (OSB). The properties of FCB as a construction
material make it preferable to be used as a ventilated façade
cladding for both newly built and renovated buildings,
interior wall coverings, balcony balustrade p anels, b a se
course and chimney cladding, and enclosure soffit lin in g.
FCB will be applied to unfinished, painted, or just
impregnated surfaces. Fibre cement components are
employed in construction for over 100 y ears, m ain ly as
roofing covers within the type of corrugated plates or nonpressurized tubes. They were invented by a Czech engineer,
Ludwik Hatschek (1856-1914). In 1900, he developed and
patented a technology for manufacturing light, tough,
durable, and non-flammable asbestos cement sheeting that
he called “Eternit.”
Fibre cement composite compared to the components of
concrete shows improved toughness, ductility, flexural
capacity, and crack resistance. A significant advantage o f
the fibre reinforcement is that the behaviour of the
composite after cracking has started, because t h e f ib res
bridge the matrix crack (matrix-bulk material, during which
the fibres are dispersed). Then, the strain is transferred t o
the high-resistance system of fibres, capable of
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withstanding the load. Post-cracking toughness allows t h e
utilization of FCBs in construction. Moreover, t h e f ib res
can reduce the unwanted free plastic shrinkage within t h e
structure, decrease the thermal conductivity, and im pro ve
the acoustic insulation and fire resistance. Alo n g wit h a
carefully planned production process, fibre cement makes
it possible to develop strong and long lasting construct io n
materials. Today fibre cement is taken int o a ccoun t a s a
material physically suited for the construction of products
like cladding and roofing. For many years asbestos has been
considered the foremost suitable material for rein f orcing
FCBs. White asbestos, a silicate mineral /
Mg3(Si2O5)(OH)4 / naturally forms long and sturdy
fibrous crystals with each visible fibre composed of many
thin microscopic fibrils. However because of safety
concerns regarding health issues it was replaced by
cellulose fibres. The modern era of construction focuses its
attention on using new ingredients which might serve
adequately for the assembly of construction materials
which are both sustainable and environment friendly . Fo r
the same the use of natural fibres together with engineering
materials has become the new trend for construction
purposes, thanks to the versatile nature of natural fibres, a
replacement material has been explo red b y researchers
which may be blended with construction materials to
produce a low cost building material.
II.

LITERATURE REVIEW

The idea of using of fibres to improve mat erial wh ich is
weaker in tension than in compression has been done many
years ago. Probably the oldest written account o f su ch a
composite material occurs in Exodus i.e. straw was used to
reinforce clay bricks. At that time period (approx 3500
years ago) , straw was used for reinforcing sun backed
bricks to build the 57 m high hill of 'Aqar Quf' close to
Baghdad city (Bentur et al) [1]. Since the early use of
asbestos fibres, a wide variety of other fib res h ave b een
applied in conjunction with cement. Conventio nal f ib res
such as glass and steel, new fibres such as Kevlar, polyvinyl
alcohol, and carbon or; and spread range of o th er f ib res,
either man-made (nylon, acrylic and poly pro pylene,) o r
natural (wood, agricultural waste, cellulose). These fib res
are different in properties, cost and effectiv eness. So me
common fibres along with their typical properties are
illustrated in Table 1. Unreinforced fibre cement boards
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have low tensile strengths Thus, they are classified as brittle
materials. Therefore, they need to be reinforced material.

Sr.
No.

Fibre

1.

Steel

2.

Glass

Table-1 Typical Properties of Fibres (Bentur 2007) [1]
Specific
Gravity

Modulus Of
Elasticity
(GPa)

Tensile
Strength
(GPa)

Elongation at
Break
(%)

5-500

7.84

200

0.5-2.5

0.5-3.5

9-15

2.60

70-80

2-4

2-3.5

Crocidolite

0.02-0.4

3.4

196

3.5

2.0-3.0

Chrysotile

0.02-0.4

2.6

164

3.1

2.0-3.0

4.

Fibrillated Polypropylene

20-200

0.9

5-77

0.5-0.75

8.0

5.

Aramid (Kevlar)

10

1.45

65-133

3.6

2.1-4.0

6.

Coir

12-25

2.63

16-26

0.5

20

7.

Nylon

-

1.1

4.0

0.9

13.0-15.0

8.

Cellulose

-

1.2

10

0.3-0.5

-

9.

Acrylic

18

1.18

14-19.5

0.4-1.0

3

10.

Polyethylene

-

0.95

0.3

0.7 10

10

11.

Wood Fibre

-

1.5

71.0

0.9

-

12.

Sisal

10-50

1.5

-

0.8

3.0

3.

Diameter
(μm)

Asbestos:

Asbestos cement was the first fibre cement board in modern
times. Asbestos and cement were first combined in the early
1900s in USA to make a new innovative building material.
The success of asbestos-cement was because of compatibility
between the fibres and the cement matrix. Asbestos bundles
tend to be split up during processing procedure, and this
increase lateral surface area which is important for increasing
bonding in fibre-cement interfacial. It also has inexpensiv e
processing and special chemical and physical properties,
which makes it virtually indestructible.It maintain chemical
resistance especially to alkalis, fire resistance, m echanical
strength due to the fibres’ high length to diameter ratio,
flexibility,and wear characteristics.(Wiley John) [2]
AL woods [3] conducted a study on production of asbestos
fibre cement boards using the Hatschek machine and how it
was used in earlier days. The Hatschek machine, a wet
transfer roller, was used to produce the initial asbestoscement sheets , while two other manufacturin g p ro cesses
included the Mazza process for pipes, and the Magnani semidry process for corrugated sheets. After being formed, most
products were steam cured to achieve the optimum
microstructure for strength and durability. I n earlier d a ys
Asbestos cement was used as a coating or covering for
boilers, steam pipes, hot blast furnaces, and stills. It was
easily installed and assumed to be indestructible. H.W. Johns
Manufacturing Company (later Johns-Manville) became one
of the leaders in the development of cement products
containing asbestos. They initially marketed asbestos-cement
coating as an agent for repairing roofs, and guaranteed it t o
stop all leaks when properly applied, making seemingly
worthless roofs serviceable for many years. This product was

-3

used in joints around chimneys, dormer windows, skylights,
scuppers, shingles, and nail holes on roofs.
Akers and Garret [4] showed that the mechanical properties
of the composite are controlled by the processing parameters
and the composition of the hardened composite. It should be
noted that flexural strength and modulus of elasticity are two
important mechanical parameters that are affected b y f ib re
content and fibre length. Akers and Garret also [4 ] p ro ved
that maximum flexural strength gain at intermediat e f ib re
content while with increasing fibre content the mo dulu s o f
elasticity decreases. The strength and fracture properties o f
random asbestos fibre-reinforced cement mortar composites
are reported by Y.W. Mai [5]. The fibre content varies
between 5% and 20% by weight. Both the ultimat e t ensile
strength and the modulus of rupture increase with increasing
fibre-volume fraction. He also found that the modified law of
mixtures strength, gives fairly good agreement in tensile
strength and modulus of rupture with experimental results.
Bernstien et al [6] in his studies showed if tremolite f ib res
(type of asbestos fibre) once deposited in the lung
parenchyma do not clear and almost immediately result in
inflammation and a pathological response in the lung.
McDonald et al [7] reported that people who are persistently
exposed to high levels of airborne asbestos in the work
environments such as construction, manufacturing,
shipbuilding, mining, milling etc. are at a higher risk of
having mesothelioma and lung cancer. Coutts [8] stated that
the countries that understood the need to legisla t e t he la w
against the use of asbestos on health grounds have achieved
most advance techniques with respect to asbestos
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alternatives. The first country in the world was Australia t o
be totally free of asbestos in fibre cement composites in 1982.
Other countries, particularly European Union prohibited
asbestos by 1995.
fibres.in this study cellulose fibres used as cement composite
were softwood, hardwood, jute, hemp, sisal, coir etc. this
research also stated that the fibres should be dispersed
adequately in the matrix to obtain cement compo sit e wit h
good mechanical properties and Different treatments can b e
used to improve the durability of cellulose cement composites
by pozzolanic additions, either directly introduced in t o t h e
mass of the cement or applied to the fibres, and/or t h ro ugh
curing under a CO2 atmosphere.
C.Asasutjarit et al. [10] in his research showed that Coir is
not just the most abundantly available, renewable and
cheaper natural fibre, but also it shows th at it is t h e m o st
favoured natural fibre known for its good versatile
mechanical properties. Composite made with sh ort len gt h
coir fibre and ordinary Portland cement matrix shows
significant increase in toughness. The mechanical properties
of fibre cement board depends highly on the bond b et ween
the natural fibre and cement. It may be physical, chemical or
a combination of both. Further it was the concluded t hat as
the density of fibre increased Modulus of Rupture (MOR) and
Internal Bond (IB) also increased. Thickness swellin g (TS)
and Water Absorption (WA) are inversely proportioned and
effect of fibre length and thermal conductivity is also
inversely proportional. Research also showed that when
cement, coconut coir and water is mixed in the proportion of
2:1:2, better results were achieved. Joana M. Ferraz et al [11]
studied the treatment methods to improve chemical
compatibility between coir and cement. In the inhibition test,
cement hydration temperature evolution was measured in the
absence and presence of untreated and treated co ir f ib res
(cold water, hot water and NaOH), besides the addition of 4%
of CaCl2. The chemical characterization o f u nt reat ed a nd
treated coir fibres was done by determining the co ntent o f
extractives, lignin, and holocellulose. Treatments d o ne o n
coir fibres affected positively the compatibility between
cement and fibre, reducing the inhibition. Eventually it wa s
concluded that the untreated coir fibre is extremely inhibiting
to the cement setting, thus confirming the necessity for p re treatment.
In the line of development of materials rein f orced wit h
vegetable fibres, many studies have been carried out on
cementitious and polymeric matrix composites and
promising results have been achieved, showing an
improvement in durability, strength and ductility.(yan li et al.
[12]. There are many beneficial aspects in using v eget able
fibres including sustainability, and low energy consumption.
Vegetable fibre reinforced composites have the potentialit y
to become the sustainable option for the construction
industry. Due to its wide availability, especially in t ro p ical
countries, these fibres have a low cost and present the great
advantage of being renewable. Ferreira [13] stated that Sisal
has been one of the most used fibres in t h e p ro ductio n o f
cement-based composites, especially due to its excellent
tensile strength, around 400 MPa . However, it ha s a weak
chemical bond to cement based matrices, which according to

Over the last few years, problems related to environmental
issues have motivated extensive research on environmentally
friendly materials. Monica ardanuy et al [9] presented a
review of the research done during the last years in the area
of the cement-based composites reinforced with cellulose
the literature varies between 0.32 and 0.72 MPa . Due to
chemical incompatibility, the chemical bonding between
fibre and matrix is mainly due to Van der Waals force and –
OH interactions from cellulose and calcium hydroxide.
Further it was noticed that after the surface treatments the
sisal fibres showed some reduction on their chemical
compounds, such as hemicelluloses and lignin.The fibre
tensile strength increased with the application of all
treatments. This can be explained by the change in the
cellulose crystallinity, reduction of amorphous material and
the stiffening provided due the polymer interaction with the
sisal fibre and to the hornification phenomena. As compared
to the natural sisal fiber, significant improvement in the fiber–
matrix interface was verified through the pullout tests.
Mansur [14] conducted an investigation on the mechanical
properties of cement paste and mortar reinforced wit h j u te
fibres is reported in this paper. Different lengths of fibres
were used as reinforcement which were randomly o rien ted
and uniformly distributed in the matrix Specimens with
varying fibre contents (volume fraction) were tested in direct
tension, flexure, axial compression and impact The results of
this investigation have shown the feasibilit y o f u sin g j u t e
fibres in developing a low-cost construction material
particularly for roofing, wall panels and other building boards
in countries where lute fibres are ready available. Test results
have indicated that a substantial increase in tensile, flexural
and Impact strength could be achieved by the in clu sion o f
short jute fibres in cement based matrices Th e m aximum
increase in tensile strength was found to be 97 percent while
that for the flexural strength was 60 percent The increase in
impact strength relative to the corresponding plain specimens
was up to 400 percent It has also been found that the flexural
toughness of the composite could be improved significantly
by using jute fibres However, the presence of fib res in t h e
composite has very little influence on the compressive
strength and also on the Young's modu lus in t en sio n a nd
compression.
Ramakrishna [15] conducted experimental investigations of
the resistance to impact loading of cement mortar slabs (1:3,
size: 300mm · 300mm · 20mm) reinforced with four natural
fibres, coir, sisal, jute, hibiscus cannabin’s and subject ed t o
impact loading using a simple projectile test. Four different
fibre contents (0.5%, 1.0%, 1.5% and 2.5%—by weigh t o f
cement) and three fibre lengths (20mm, 30mm a nd 4 0mm)
were considered. The results obtained have shown t hat t he
addition of the above natural fibres has increased the impact
resistance by 3–18 times than that of the reference (i.e. plain)
mortar slab. Of the four fibres, coir fibre reinforced m ortar
slab specimens have shown the best performance b ased o n
the set of chosen indicators, i.e. the impact resistance (R u),
residual impact strength ratio (Irs), impact crack-resistan ce
ratio (Cr) and the condition of fibre at ultimate failure. C o ir
fibre reinforced mortar slab specimens have ab so rbed t h e
highest impact energy (i.e. 253.5 J, at 2% fibre content a nd
fibre length = 40mm). Residual impact strength ratio (Irs) of
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all natural fibre reinforced slab specimens ranges from 1.8 7
to 3.91 and that coir fibre reinforced slab specimens have the
highest residual impact strength ratio (Irs) among the various
types of natural fibres. The average increase in t h e cra ck
resistance ratio (Crs), considering the lower and upper
bounds of fibre content used, is the highest for coir fibre
reinforced slab specimens (i.e. 3.14) and it is about twice than
that of specimens reinforced with the other t h ree t yp es o f
natural fibres.

To make a healthy and a safe environment natural or
cellulose fibres were preferred for its versatilit y in
physical as well as chemical properties. The results
obtained showed that the addition of natural f ib re
didn't only increase the impact resistance b u t also
helped in enhancing residual impact strength ratio ,
impact crack resistance ratio, condition of f ib re a t
ultimate failure, toughness, moisture holding
capacity, fire resistance, thermal conductivity and

Rahim sudin and Narayan swamy [16]conducted a study on
production of wood fibre cement composites, cement
replacement materials such as fly ash, rice husk ash and latex
were used in conjunction with chemical admixtures to
counteract the adverse effect on the hydration characteristics
of the cement matrix. Tests were then carried out to optimize
the amount and type of cement replacement mat erial a n d
chemical admixtures to produce boards with adequate
strength and dimensional stability. Coutts and Kightly [1 7 ]
observed how hydrogen bonds play a major role in the
mechanical performance of wood fibre-cement composit es.
Further it was observed that Oven dried WFRC composit es
are strong but brittle with mainly fibre fracture taking place,
whereas composites tested wet are weaker but tougher wit h
mainly fibre pullout taking place. The forces involved under
ambient conditions are such that the WFRC composites can
display high values of both flexural stren gt h a n d f racture
toughness. The balance of fracture mechanisms between the
extremes of fibre fracture and fibre pullout are fortuit ously
balanced in the WFRC system allowing maximum utilization
of the fibre reinforcement.

acoustic properties. These versatile features of
natural fiber (especially the coir fiber) makes it t h e
most preferred material to be used for flooring,
cladding, façade and also panelling.
It was also observed that most of the natural fib res
needed different types of chemical t reatments t o
improve their properties and fibre cement bond.

III.

CONCLUSION

•

I V.
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Abstract---- As human hair is natural fiber and is a
waste economically and for natural also. By using
Human hair as reinforcement in concrete different
experiments were conducted to get the information
about the mechanical properties of this concrete
like toughness, compressive strength, tensile
strength, modulus of elasticity, etc. To make a lowcost concrete with higher strength human hair in
added to the matrix. To reduce the micro cracks
and to control cracking inside the concrete it is
added. Human hair was added in different amount
to same mixture to know the ideal amount. Analysis
were made to use this concrete at different places.
Keywords
Hair Fiber concrete, normal concrete,
Fiber reinforced concrete, mechanical properties.

I. INTRODUCTION.
Concrete is most importa nt pa rt of the construction.
Ma ny resea rches a nd a dva ncements were ca rried to
enha nce the mecha nica l a nd physica l properties o f
concrete. Fiber reinforced concrete is o n e a mong
those advancements which offers a convenient,
pra ctica l a nd economica l method for o v e rc o m in g
micro cra cks a nd simila r type of deficiencies. Since
concrete is wea k in tension hence some m e a su re s
must be adopted to overcome this deficiency. The se
fibers not only prevent these cra cks but a lso enha nce
the tensile strength. Addition of f ibers to concrete
makes it more homogeneous and isotropic, a nd
tra nsforms it from a brittle to a more ductile ma teria l.
Fibers a re usua lly used in concrete to control pla stic
a nd dry shrinka ge cra cking, lower the permeability
and impart greater impact, a bra sion a nd sha tter
resista nce. A good fiber should ha ve good a dhesion
within the ma trix a nd it m u st be compa tible with the
binder. As we know huma n hair is a waste material
available in a b u n d a n t a mount. In a ncient times
va rious experiments were performed to find out
alternate way of
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reinforcement. Va rious fibers a re used in c o n c re te
for dry shrinkage cracking and to lower the
popula rity of concrete a nd a lso to c o n tro l p la st ic
shrinka ge. Thus it ca n be used for sa fe ma na gement of
ha ir wa ste. Huma n ha ir is a va ila ble a t a very low cost
so, now a t present to reduce environmental proble m
a nd two economies, concrete studies ha ve been ca rried
out to a na lyse the effect of huma n ha ir on plain
cement concrete on basis of flexural strength,
cracking control, compressive strength a nd crushin g.
Hence, ha ir wa ste ma na gement c a n be a n alternative
method for the hair fiber reinforcement concrete.
Positive points in the experiment a re a s follows: I t is
a low-cost. It is a va ila ble in a bunda nt q u a n tity .
There is increase in strength of concrete and va rious
properties of concrete by a dding ha ir f ib re a s a n
additional reinforcement. For partial repla cemen t o f
cement in concrete thin ha ir f ib re s ca n be used.
II. LITERATURE REVIEW.
T.Na veen Kuma r a nd Komershetty Go u ta m i [1 ]
experimented with on concrete beams cylinders
cubes of standard sizes with addition of various
percenta ges of H u m a n Ha ir fiber i.e., 1%, 1.5%, 2%,
2.5% a nd 3% by weight of cement a nd results were
compa red with those of pla in cement concrete of M-40
gra de. The improvement of c o m p re ssiv e strength
va lue of concrete ha d a minor ef f e c t. Fo r ea ch 1
percent increa se in fiber content by v o lu m e there wa s
a n increa se of 3 percent in th e m o d u lu s of ela sticity
a pproxima tely. The flexura l stre n gth wa s reported to
be increa sed by 2.5 times u sin g 4 percent fibers. For
FRC, toughness is a b o u t 1 0 to 40 times tha t of pla in
concrete. It is found th a t th e optimum content of
huma n ha ir fiber to be a dded to M-40 gra de of concrete
is 1.5%.
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Mehra n Kha n a nd Ma jid Ali [2] experim e n te d o n
wave polypropylene fiber reinforced concrete
(WPFRC) a [3]nd hair fiber reinforced concrete
(HFRC), the wa ve polypropylenea nd ha ir f ib e rs
were a dded in the sa me ma teria l ra tio of control mix
with fiber which is of the length 5cm and content o f
0.8% by the tota l volume o f c o n c re te . The absorbed
energy, toughness and the mecha nica l properties of
WPFRC a nd H FRC a re evaluated first then the
concrete design and its expected performa nce is
compa red. It is found th a t the compressive, flexural,
and splitting-tensile strengths of HFRC a re improved
by 12.4%, 16.2%, a nd 19.1%, respectively, a nd tha t o f
WPFRC a re increased by 11.7%, 21.5%, and
17.5%, respectively.
Da rsh, Ja yesh et a l [3] conducted a n e x p e rim e n t
using huma n ha ir in fly a sh bricks. Huma n ha ir wa s
repla ced in proportion of 0.1%-0.7% by weight o f fly
a sh. The ma in purpose wa s to know th e wa ter
absorption & strength of fiber fly ash bricks and
which is prepa red Using huma n ha ir fiber a nd f ly
ash. H u m a n hair fiber undergoes high tensile
strength and there is increase in properties of fly
a sh bricks in respect to percenta ge o f h u m a n ha ir
Fiber by weight .Now by keeping rest a ll c o n sta n t
a nd repla cing fly a s from 0.1 to 0 .7 % b y h u m a n
hair there is increase in weight of bricks and
crushing strength similarly there is decrease in
percenta ge of wa ter a bsorption.
Narain Das Bheel et a l [4] performed few
experiments which suggested to use huma n ha ir a s
fiber in cement concrete. To overcome the
environmenta l problem a nd to re c y c le th e wa ste
m a n y techniques a re introduced in to d a y 's wo rld .
They ha ve used ha irs in repla cement of c e m e n t in
va rious proportion such a s 0.25%, 0.5%,0.75% & 1%.
compressive strength & tensile strength was
focusedon it. It wa s observed tha t when 0.25% ha ir
was replaced the highest compressive strength
a mongst other proportion wa s observedi.e.10.71% &
tensile strength i.e.3,65% wa s found out. So, we ca n
sa y tha t lowest proportion gives better result.
Adedokun, Ajamu et al. [5] experimented the
strength of concrete which was examined with
a ddition of synthetic ha ir fibres. Ha irs were a dded
with interva l of 2% in 0-6% i.e. 2%, 4% & 6 % b y
ma ss of cement with the help of compa cting fa ctor test
& through slump worka bility wa s determined .
Similarly, density test split tensile strength &
compressive strength were also performed. So, it
wa s observed tha t there wa s increa se in compa cting
fa ctor test i.e.17 to 25mm & slump i.e. 0.86 to 0 .9
respectively. With the addition of fiber compressive
strength & split tensile strength was also increased
in addition of 0 to 2 % of fiber. It

wa s observed tha t with the increa se of ha ir content the
strength gets reduced. Thus, it was o b serv ed t hat
low amount of hair content gives optimum result.
Ga ura v a nd Luca s [6] concluded tha t a s huma n ha ir is
environment friendly and economic waste m a te ria l
used for increa sing in flexura l strength o f concrete.
The key mecha nica l property of concrete was flexural
strength. In this experiment the proportion of ha ir in
the concrete Ma trix a nd length of ha ir Fiber wa s
observed. It wa s observed tha t huma n ha ir of length
120-140 mm gives 65 MPa of average tensile
strength, whereas copper has 70 MPa &
polyethylene has 35MPa which is lesser. H u m an
hair was reduced in 3 different length
i.e.10mm,20mm,30mm& proportion wa s 0 .05 %,
0.10%, 0.15%. Therefore, it was observed that there
wa s ma x increa se in flexura l strength i.e. 18% in
0.05% of h uman hair with 10 mm length. So, from
this we can conclude that smaller size & sma ller
proportion of huma n ha ir Fiber gives m a x
flexuralstrength.
Ra yed Alyousef [7] suggested tha t use o f H HF to
structura l properties of concrete, enha nce d e sign s a nd
performa nce of concrete to ga in significa nce in
modern construction. Huma n ha ir consists o f high
a m o u n t of amino acid cysteine which is a n
importa nt property of it. Splitting tensile stre n gth
wa s reported increa se by more tha n twofold wh e n
unreinforced concrete with 3% fiber by volume wa s
a dded. Compressive strength ca n be nega tively
influenced by a ddition of fibers when its increa sing
va lues were limited to 0 to 15%. Flexura l st re n gth
increa sedby more tha n twofold when 4 % f ib e r is
used, and modulus of elasticity was observed to
increase by 3% for each 1% increase in the fiber
content by volume. Properties of concrete are
a ffected by ma ny other fa ctors, su c h a s f ine a nd
coa rse a ggrega te a s well a s cement. FRC is usua lly
influenced by types of fiber, a spect ra tio, qua ntity, a nd
orienta tion of fiber.
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ABSTRACT: - The study summarises the work done
by various on different types of structural
irregularities i.e. in vertical and plan irregularities.
Their criteria and specified standard values Are taken
from different codes of practice (IS 1893:2000,
EC8:2004 etc). Different types of modelling
approaches were used and discusses briefly. There are
many researches done previously regarding plan and
vertical irregularity. Mainly vertical irregularity is
considered and various structures were taken into
consideration based on shape, size depending on that
analysis method such as Time History Analysis and
Pushover Analysis was done. While doing Analysis it
was also taken into consideration about the seismic
zone and other parameters
Keywords: - Vertical irregularity, seismic, storey drift,
base shear, RC frame.

I.

INTRODUCTION

Earthquakes are the most devastating natural hazard
due to which there is huge loss of life & property in
affected region. The extent of damage depends on
the structure’s characteristics i.e. material used in
construction, shape, size, geometry configuration
and other is its location. It also depends on the
earthquake wave motion that has occurred n hit the
structure and the ground on which it is constructed.
Thus, the dynamic loading om the structure during
an earthquake is not external loading, but the inertial
effect due to motion of support. Due to earthquake
there is failure of lot of structure but mostly for
multi-storeyed building / structure cracking and
collapsing occurs & mainly it occurs where there are
defects or weakness are formed in building during
the construction process or due to small errors. This
weakness becomes the main point of structural
failure. The various factors of the structure
contributing to damage during earthquake are
vertical irregularities, irregularities due to strength,
stiffness, mass irregularities, etc. Structural
irregularities can be categorized as Horizontal and
Vertical.
Horizontal irregularities
1. Asymmetrical plane shape
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2. Re-entrant corner
3. Diaphragm discontinuity
4. Irregular distribution of Mass, stiffness, strength
along plan.
Vertical irregularities
1.
2.
3.
4.
5.

Stiffness irregularities
Mass irregularities
Strength irregularities
Vertical geometric irregularities (setback)
Vertical
geometric
irregula rities
(discontinuity in vertical element &
resisting lateral force)
These irregularities are prescribed by IS
1893 part 1

LITERATURE REVIEW
The structural behavior of multi storey building was
studied with single and combination of the
irregularities. 9 storie regular frame is modified by
incorporating irregularities in various forms 54 such
combinations were taken and studied the was seen
the irregulate affects the natural response of the
structure. this study also indicated that not all type
of structural configuration always amplifies the
response. Certain combinations bring down the
response. The combination of stiffness and vertical
geometry irregularity show maximum displacement
response in the structure but whereas combination of
reentrant and vertical geometry show minimum
displacement [1] In this research Structure was
analyzed by taking vertical geometric irregularities.
6 models were made of 4 bays and 4 storey 2D RC
frame and pushover analysis was performed by this
method conclusions were made that structure
becomes more vulnerable with increase in height,
with increase in vertical irregularity there is increase
in plastic hinge’s formation, vulnerability a lso
depends on the zone where structure is located. [2]
This project was done by response spectrum analysis
in these 3 types of structure with 2 irregularities were
analyzed they were mainly stiffness, mass
irregularity and geometric irregularity. Comparative
analysis was done based on storey drift,
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displacement, base shear. So, by this we came to
know that shear force was maximum for 1st storey
and it reduced as the storey increased, for mass
irregularity it had higher base shear than other
structure, for stiffness irregular it had less base shear
but had larger displacement. Base shear also
increased with the seismic zone 2-5 and change in
soil strata from hard rock to soft soil. It was also
recorded that with increase in vertical irregularity
there was increase in storey drift and displacement.
[3] The study was done to see the performance and
behavior of regular and irregular G+10 building
under seismic loading. Two types of irregularities
were taken they are stiffness and setback
irregularity. Total 8 regular and irregular structures
are taken and analyzed using response spectrum
analysis (RSA). And seismic responses were taken
based on displacement, story drift, base shear. And
comparative analysis was done. The storey
displacement was more in stiffness irregular
building than compared with regular building. It was
1.5 times more than regular building. The
overturning moment and base shear force in case of
irregular building is more than regular structure. In
case of setback irregularity, the overturning and base
shear is less than that of regular building as the
amount of setback increases the moment decreases.
In stiffness irregular building there is sudden
decrease in the sti ffness of building & in setback
irregularity as the amount of setback increases
stiffness decreases [4] the author analysed four
different building models which are vertically
irregular and each model is analysed for without
mass irregularity, with mass irregularity increasing
from bottom to top, and with mass irregularity
decreasing bottom to top. Author has taken
Combinations of four models and three mass
irregularities to analyse against four different time
histories which are Chichi (1999), Petrolia (1992),
Friuli (1976), Northridge (1994) and Sylmar
respectively. All analysis is compared for outcomes
such as story. Deflection, story drift, overturning
moment and base reaction. Results of time history
analysis for different earthquake models were
analysed (i.e. Chichi, Petrolia, Friuli, Northridge,
Sylmar). It is concluded from results and discussion
that the outcomes vary from time history to time
history. The author concluded that designers worked
for seismic zones must consider time history data
while designing vertical and mass irregular
buildings. . It saves time and cost for designer.
According to author results from various time
histories can be efficiently presented and utilized for
future building design problems. Standards can be
established for same. The buildings can be compared
for their mass irregularities using software

application to decide whether to construct particular
design in required time history or not. [5] In this
paper author studied the proportional distribution of
lateral forces evolved through seismic action in each
storey level due to changes in mass and stiffness of
frame on vertically irregular structures. The effect of
mass and stiffness irregularity of G +11-storeyed
vertical geometric. Comparative study is carried out
on basis of these parameters – Maximum
Displacement, Maximum bending moment,
Maximum shear force Maximum axial force Base
shear force. There is significant improvement
observed in seismic performance of the irregular
building by providing shear walls with different
configurations since lateral displacement and
member force reduces considerably in building due
to provision of shear walls. It is observed by us that
maximum displacement found in. Maximum
irregular structure of bare frame hence. We can say
that risk increases with irregularities. In this study
we found that, the position of the shear wall at corner
is the be position for the lateral resisting system [6]
The aim of the paper is to evaluate the seismic action
by considering various codal provision which are
particularly provided for the analysis of RC building
with unsymmetrical configuration & with different
irregularities. For the analysis G+49 stories of RC
framed structure with unsymmetrical floor plan
located in zone 4 and soil type 3 the analysis was
carried out by ETABS (V 13.1) software. Single 50
stories building was analysed with zone factor,
importance factor, response reduction factor taken
from IS 1983: 2000.In this for modelling of structure
4 types of vertical irregularities were taken they are
mass irregularities, vertical geometric irregularities,
stiffness irregularities, al Re-entrant corner
irregularities. So, after analysis the 1st part was
comparison of irregular structure with respect to
regular structure. The mode period is found very
high for the stiffness irregular and is less for
diaphragm discontinuity compared to that of regular
structure. The lateral displacement is found very
high for re-entrant corner structure compared it
regular structure, this is due to change in geometry
of structure and also due to decrease in stiffness of
the structure. Storey drift was very high for irregular
structure compared to regular structure. Base shear
is found to be high for mass irregular structure but is
found less for vertical geometric irregular Storey
stiffness is found to be high for regular structure
compared to irregular structure which is due to
reduction in stiffness of irregular structure. By the
conclusion it was found that the regular structure
with RC frame and with masonry wall perform
better under the action of seismic load, compared to
irregular structure. the irregular structure. [7] It
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focuses on the seismic performance of multi store
R/C framed buildings with large setbacks in the
upper floors which are designed according to ENversion of EC8. In order to examine the influence if
the design all the frames are designed for both the
high and medium ductility classes of EC8. All
frames are subjected it in elastic dynamics time
history analysis and inelastic static pushover
analysis. After analysis it was found that that
analysis of 2D, 10 storey plane frames strictly apply
only in case of medium to high rise buildings,
irregular in elevation but regular in plan. Interstorey
drift ratio of irregular frames were found to remain
quite low in case of collapse prevention earthquake
with an intensity double that if design one.
Rotational capacity of all the structural members
seems to be adequate to withstand ground motions
stronger than design one. As far as shear capacity is
concerned all frames perform satisfactorily design
earthquakes shear failure at some beams appear for
input motion. Irregular structure seems to be
stronger due to decreased value of the behaviour
factors due to decreased values of behaviours factors
and less ductile than corresponding regular ones. On
other hand all DMC frame structure seems to be as
expected, stronger and less ductile than the
corresponding DCH ones. [8] This paper focuses on
the analysis of the irregular configuration of the RC
buildings. In this vertical and plan irregularities were
considered which included geometric and
diaphragm in plan and setback and sloping ground
in vertical irregularity. The method of analysis was
carried out was by Pushover Analysis and Time
History Analysis. After analysing the structure, it
was found that in all the models the total no of hinges
varied from model to model that is mainly because
of the shape of the building the structural member
i.e. beams and column gets reduced. The plain
irregular models show the displacement obtained are
similar to model 1 for lower base shear in
comparison to vertical irregular models. This also
shows that the plan irregular models can deform
largely on application of small amount of force. The
structure on sloping ground showed remarkable
results because they attract large force to deform
moderately. [9] This paper focuses on the one type
of irregularities named as setback irregularities in
elevation. Foe the analysis various types of setbacks
were considered. Nonlinear time history analysis
was carried out for analysis and after analysis it was
found that the regular frames satisfy the requirement
of the performance level i.e. limiting drift of 2%
according to Iranian code. While interstorey drift of
irregular frame are quite different. By this it is clear
that when setbacks occur the performance of the
structure is affected and by increasing the severity or

complexity of the setback along the height there is
more Risk of failure. The important point is that
maximum damage was happened at the members
located in the vicinity of the setbacks i.e. adjacent
members [10] This paper deals with the seismic
performance of irregular mass eccentric 3D framed
structure. The sample structure studied in this paper
is RC framed building stiffens symmetric in plan and
regular un elevation. An eccentricity in the mass
distribution has been considered for analysis. In this
paper the effect of mass eccentricity on the seismic
has been investigated two different eccentricities of
low eccentricity of 5% and high eccentricity of 15%
is been considered. Time History Analysis is
performed. After analysis the findings were that the
shape of the plan envelope of top lateral
displacement as input the ground motion, peak
ground acceleration and eccentricity vary. In future
findings it was seen that the increase in the
eccentricity, even the maximum top displacement
increases, but the lower value of peak ground
acceleration there is increase in the displacements
when to is on same side of eccentricity while for
higher peak ground acceleration there is also
increase in seismic response even on opposite side
of frame. As we can conclude from this paper is that
top displacements are very sensitive go mass
eccentricity, which induces an increase of about
50% at flexible side, when it is equal to 15% of the
relevant plan dimension. The mass irregularity
induces a significant increase in interstorey drift up
to 50% in case of large eccentricity. [11] This paper
deals with the multistore Reinforced concrete frame
buildings regular and irregular elevation. Frames
with different types of setbacks as well as the regular
frame in ductility class is performed to ten input
motions .The assessments of the seismic
performance is done based on both global and local
criteria .Appropriate methods are used to satisfy the
life safety level of the frames ..The dynamic time
history analysis was performed on 10 earthquake
records .it was demonstrated that the life safety
performance criteria are almost satisfied in regular
frames .Although the capacity design procedure
provided by Iranian seismic code seems to be
successful for regular frames but it cannot be able to
satisfy the life safety performance level criteria in
irregular frames [12]
CONCLUSION
The conclusions of this review paper are as follows:
• The presence of the structural irregularity weather
it may be plan or vertical it affects the performance
of the structure.
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• As the amount of irregularity increases specially in
case of setbacks, stiffness and mass irregularity the
structure gets more Venerable to collapse.
• Most of the researchers have taken Mass, Setback
and Stiffness irregularities for analysis on different
structures but in real practice they are present in
combination. so, this will not give the realistic
prediction of the seismic response. So, there is need
to analyse it in combination.
• The main conclusion was the effect of the
irregularity on structure depended on the type of
configuration and the variation in seismic response
parameter.
• Talking about the setback irregularity the top
portion of the setback was found to get more
deformed as compared to base.
• Mostly inelastic Dynamic analysis and pushover
analysis were performed by most of the researchers
References
[1] S. E. Naveen, N. M. Abraham and A. S. Kumari,
“Analysis of irregular structures under earthquake
loads,” Procedia Structural Integrity, vol. 14, pp.
806-819, 2019.
[2] M. G. Kalibhat, A. Y. Kumar, K. Kamath, S. Shet
and A. Professor, “SEISMIC PERFORMANCE OF
R.C. FRAMES WITH VERTICAL STIFFNESS
IRREGULARITY
FROM
PUSHOVER
ANALYSIS,” IOSR Journal of Mechanical and
Civil Engineering, pp. 61-66.
[3] R. N. Shelke, “Seismic Analysis of Vertically
Irregular RC Building Frames,” International
Journal of Civil Engineering and Technology, vol. 8,
no. 1, pp. 155-169, 2017.
[4] O. Sayyed, S. S. Kushwah and A. Rawat,
“Seismic Analysis of Vertical Irregular RC Building
with Stiffness and Setback Irregularities,” IOSR
Journal of Mechanical and Civil Engineering, vol.
14, no. 01, pp. 40-45, 2 2017.
[5] P. Mandloi, R. Chaturvedi and C. Author,
“Seismic Analysis of Vertical Irregular Building
with Time History Analysis,” IOSR Journal of
Mechanical and Civil Engineering (IOSR-JMCE) eISSN, vol. 14, no. 4, pp. 11-18, 2017.
[6] P. Singh Kushwah, S. Kumar Dangi and A.
Hussain, “SEISMIC ANALYSIS OF VERTICAL
IRREGULAR RC FRAMES WITH SHEAR WALL
AT DIFFERENT POSITIONS USING STAADPro,” International Research Journal of Engineering
and Technology, vol. 5, no. 5, pp. 2498-2504, 2018.
[7] Kusuma B, “Seismic Analysis of a High-rise RC
Framed Structure with Irregularities,” International
Research Journal of Engineering and Technology,
vol. 04, no. 07, pp. 1338- 1342, 2017.

[8] C. J. Athanassiadou, “Seismic performance of
R/C plane frames irregular in elevation,”
Engineering Structures, vol. 30, no. 5, pp. 12501261, 5 2008.
[9] R. C M, B. Narayan K S, S. B V and V. Reddy
D, “Effect of Irregular Configurations on Seismic
Vulnerability of RC Buildings,” Architecture
Research, vol. 2, no. 3, pp. 20-26, 31 8 2012.
[10] A. Habibi, M. Vahed and K. Asadi, “Evaluation
of Seismic performance of RC setback frames,”
Structural Engineering and Mechanics, vol. 66, no.
5, pp. 609-619, 10 6 2018.
[11] A. D'ambrisi, M. De Stefano and S. Viti,
“SEISMIC PERFORMANCE OF IRREGULAR3D
RC FRAMES,” World conference of Earthquake
Engineering , 2008.
[12] A. R. Habibi and K. Asadi, “Seismic
performance of reinforced concrete moment
resisting frames with setback based on Iranian
seismic code,” International Journal of Civil
Engineering, vol. 12, no. 1, pp. 41-54, 2014.

282

Design and development of rapid economical
quarantine structure
Mr Varun Shah
Department of Civil Engineering
TCET, Mumbai
Shahvarun64@gmail.com
Mr Suhail Qureshi
Department of Civil Engineering
TCET, Mumbai
suhailqureshi331@gmail.com
ABSTRACT--This document is informed by
current knowledge of the COVID-19 outbreak
and by considerations undertaken in response to
other respiratory pathogens, including the
severe acute respiratory syndrome coronavirus
(SARS-CoV), the Middle East respiratory
syndrome (MERS)-CoV and influenza viruses.
The
ever
increasing
population
and
underdeveloped public Healthcare system
resulted in massive covid-19 cases across the
country in very short duration Even people with
severe cases were not able to find beds both in
private as well as government run hospitals. To
control the explosion of more cases the central as
well as State Government imposed the lock down
all over the country . It does not mean that the
cases of covid-19 would stop it only made sure
that therate of growth of these cases would slow
down which would further give time to health
care services to prepare themselves. The major
issues faced were the hospitals of covid-19
centres are out of beds in the Healthcare the state
government started to convert various
Institutions like colleges hospitals exhibition
centres to covid-19 Care Centres to increase the
capacity of beds at that to be too short for
Metropolitancities. Our research focuses on use
of rapid and low cost methods for pandemic
preparedness.

Keyword - Rapid construction, prefabricated units
and low cost.

INTRODUCTION
This document is informed by current
knowledge of the COVID-19 outbreak and by
considerations undertaken in response to other
respiratory pathogens, including the severe
acute respiratory syndrome coronavirus
(SARS-CoV), the Middle East respiratory
syndrome (MERS)-CoV and influenza
viruses. On 30 January 2020, the WHO
Director-General determined that the outbreak

Ms. Shweta Wagh
Department of Civil Engineering
TCET, Mumbai
Waghshweta67@gmail.com
Mr Swapnil Raut
Department of Civil Engineering
TCET, Mumbai
swapnil_raut89@radiffmail.com

of coronavirus disease (COVID-19) constitutes
a Public Health Emergency of International
Concern. As the outbreak continues to evolve,
Member States are considering options to
prevent introduction of the disease to new areas
or to reduce human-to-human transmission in
areas where the virus that causes COVID-19 is
already circulating, When the government
decided to provide temporary structures and
provisioning services it realised the absence of
any formal policy or administrative framework
that could actualise such a move by inviting
participation between the centre, state and civic
organisations. By using prefabricated units,
Birla Aerocon panels, steel structures, and
makeshift medical facilities can be constructed
with great speed.
LITERATURE SURVEY
It gives an analysis of the
Quarantine Centre which was
established by the US
government. This Quarantine Centre was
developed to overcome and tackle the spread of
diseases. The maximum size for the
Quarantine Centre should be kept for 2000
beds. [1] The following conclusions were
drawn by considering factors ; it is
recommended to use 25 square feet of space
per person; this area does not include the use
of service and medical staff. 50 toilets are
required for a total 2,000 patients 6000 square
feet of additional space are required for the
medical staff. For the electricity purpose 1200
kilowatt power of single phase need to be
provided this can be used by centre electricity
pole or by generators this considering the
consumption by light fan and power sockets.
For some cases it is required to provide areas
for media consumption. While calculating it is
recommended to use 25 litre per person and
50,000 litres of water for 2000 patients.
THAPI being a world recognised
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agency for providing solutions to the
Healthcaresystem. This article gives valuable
information for the design of quarantine
structure. [2] It gives details for the layout of
quarantine structure drawing attention to the
use of modular prefabricated structure. Four
contact points should be established for the
ambulance.There should be only one point for
the entrance to the facility for visitors or
patients and it should be provided with the
checking room and reception and should be
connected with the Air block rooms. It also
draws attention towards theuse of 5 beds in one
unit for patients with normal symptoms and it
is recommended to useone ward for one patient
in severe condition. It is also emphasized that
using a 1.5 metre service corridor and staff
station for nurse and ward boys should be
provided at a distance of 8 metres. The parking
for the patients and the medical staff should be
separated. The rooms are negatively pressured.
Air - filtration systems, waste-management
protocol is installed. Negative pressure is
thoroughly maintained. Comfort level is
maintained by appropriate provision of food,
water and baggage facilities. Additional
facilities for in- house staff and resident
doctors are provided.
The report published[4] by the Indian
government as a rise of covid-19 the
article is of great help to set standard of
procedure for the current covid-19
situation. It defines the guidelines for the
Quarantine centre and its location .The
location for the quarantine Centre should
be the outskirts of the urban or city area.
Special attention is given for the
separation of bed and the distance between
the beds needs to be kept 1.2 metresand for
at least 1 metre minimum.[10] No patients
are allowed in a single ward more than 5 to
10 beds for ward. The Quarantine centre is
adequately ventilated, spacious with
enclosed toilet facilities for hygienic
purpose. It also focuses on the use of
hostels and other unused buildings.[12]
Guelph, in Canada has used buildings
ready in possession as quarantine centres.
When combining the testing and
quarantine facilities, selected site have
large unused parking lot, such as stadiums
and campuses. Clear division between
parked cars and testing site traffics
followed. [5] The parking lot is located off

an access road with multiple lanes in case
the queue causes traffic to back up onto the
street. Each access point has either an
entrance or an exit signage. When
determining the layout of the site, existing
curbed islands may either assist or
interfere with desired vehicle routes. The
command centre—where support staff,
restrooms, resources, and additional
supplies are stored located within walking
distance of the medical testing stations and
near a facility exit so traffic in and out does
not interrupt the vehicle queue.[13] Drive
aisles are a minimum of 11 feet wide with
a minimum turn radius of 10 feetto prevent
collisions with other vehicles in the queue.
All mobile testing facilities are laid out
with a one-way queue lane, while still
allowingvehicles to exit the facility in an
orderly fashion. A single, long, snaking
lane like airport security areas to feed
multiple testing stations. A distance of at
least 25 feet between vehicles as they pull
up to testing stations. The passing lane for
vehicles to pull up to an open station is at
least 10 feet wide. The layout includes
special provision of storing sterilized
waste before incineration.
Cost, time and quality are the three
most important parameters of project
performance. The different procurement
method will have different effect on the cost,
time and quality of the project. Each project
procurement system has its own peculiarity in
term of the pre-tenderand post tender activities
and processes, division of risks between client
and contractors, and the effectiveness of
project monitoring and control.[6] The
categorization of the various procurement
systems are Cooperative System, Integrated
System, Management Oriented System .In a
best value procurement system, the value of
procured goods or services can be simply
described as a comparison of costs and
benefits. Best Value Procurement is based on
the premise that the vendor is an expert and they
should be allowed to evaluate the price and
duration of a project based on the desired
outcome of the project but not on the detailed
specifications from the client. The vendor will
deliver the best performance when they are
responsible for the execution of the project and
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required to identify, manage, and minimize the
technical risks. Information concerning the
vendors’ technical competence, problemsolving ability, honesty when facing
challenges, innovative capability, and
competencies in safety management is
essentialin obtaining the intended results. [7]
BVP gives clients the ability to control the
vendor selectionprocess by using performance
information, andit ensures the right vendor is
selected for each project. To use
progressiveness in order to reduce costs. It can
be described by three majorsteps:

1. The embryo unit which is the initial area,
and is minimally inhabitable;

2. The transition phase through which most of
the progressive development is performed

The research
focused on
Emergency reconstruction of large general
hospital under the perspective of new
COVID-19 prevention and control. [9]The
prime focus was to convert existing
structure into a Quarantine structure and in
medical healthcare facility by using proper
planning and allotment of services wisely
to all the floors. This required re- planning
of whole place with the Engineering
perspective. Along with that advanced
research signified positive nucleic acid of
the novel coronavirus was found in the
feces of patients diagnosed with
pneumonia, and there might be viable
novel coronavirus in the feces, thus
increasing the risk of fecal-oral
transmission due to this it necessitate
separate sewage treatment flow.

3. The consolidation phase in which the

progressive development is concluded,
approaching the maximum floor area ratio
The

research focuses on enhancing
the properties and making structure
affordable using shipping Containers as their
main component. Shipping containers are
captivatingconstruction material and cheaper
as compared to the costs of labour and
materials needed for more traditional
structures. When used as a quarantine
structure it will satisfy the safety norms for
construction.[8] Also is a good tool for
maintaining social distancing amongst the
affected.. It is affordable and can be
constructed rapidly which is the most
perquisiteneed in this pandemic.[11] Shipping
containerssized 20 ft. x 8ft. as well as railway
coaches sized 78ft. x 10.6 ft. Can be used for
the purpose.[

[1]

Conclusion
1. Limited resources were used
2. Various
methods to
use
demolished construction material
were understood
3. Replacement
of
concrete
components
4. Knowledge
about
various
procurement methods & its impact
on project
5. Pre planning for future pandemic
situations
6. Specifications
required
for
quatrain structure
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An overview on Roadside Crash Barrier
Digambar J

Abstract: Crash barriers are designed to withstand the
impact of vehicles of certain weights at certain angle
while traveling at the specified speed. They are
expected to guide the vehicle back on the road while
keeping the level of damage to vehicle as well as to the
barriers within acceptable limits. Ideally a crash
barrier should present a continuous smooth face to an
impacting vehicle, so that the vehicle is redirected,
without overturning, to a course that is nearly parallel
to the barrier face and with a lateral deceleration,
which is tolerable to the motorist. To achieve these aims
the vehicle must be redirected without rotation about
both its horizontal or vertical axis (that is, without
‘spinning out’ or overturning), and the rate of lateral
deceleration must be such as to cause the minimum risk
of injury to the passengers. The present studies given
an idea about the type of crash barrier and its used
according to function.
Keyword: Containment, crash barrier, Rubber railing,
vehicle strike
1. Introduction
Parapets are protective devices that are designed to reduce
the severity of an accident when an errant vehicle leaves
the roadway. They provide a passive line of defense. As
such, they cannot be the cause of, or a contributory factor
in, an accident. Properly designed, they can reduce the
severity of the consequence of an accident. At the same
time, these vehicle parapets are also obstacles which means
that a vehicle hitting a parapet can result in injury to the
occupants as well as vehicle damage.
With an exponential growth of vehicular traffic, the
pedestrians in the city are often exposed to accidents and
are marginalizedin the mobility network. The pedestrians
are invariably channelized on the narrow footpaths which
sometimes are encroached. They are expected to use the
pedestrian underpasses or foot-over bridges to cross the
high-volume traffic roads. With the increasing flyovers
and speeds, the frequency of accidents involving the
pedestrians has increased.
With the objective to ensure the entitlements of the
pedestrians in terms of mobility, safety and convenience,
slow and fast vehicular traffic crash barriers, dividers and
pedestrian’s railings on the central verge are provided,
together with Foot Over Bridges (FOB), sub-ways etc.
Many times, the FOB’s and sub-ways are underused as
they cause inconvenience and insecurity to the users. As a
result, the pedestrians are seen jaywalking and climbing
over the barriers and railings to cross the high intensity,
high speed roads and flyovers. As such, it is necessary to
provide wide and safer pedestrian corridors. In the areas/
roads with high pedestrian traffic, it may be necessary to

provide pedestrian corridors at grade while the motorized
vehicles move up and down.
1.1 Need of Crash Barrier
a.
Reducing the likelihood of a vehicle crossing the central
reserve and reaching the opposite carriageway.
b.
Minimizing the damage to a barrier and vehicle, following
vehicle strike, and reducing the risk to the
workforce and work-related congestion.

a.
b.
c.
d.
e.

1.2 Types of Crash Barrier

f.

0.15m to 0.25 cm high curb stone.
Flexible/ removable/ sinking divider or railing.
Water filled plastic jerry can safety barrier.
Reinforced Glass/ Plastic/ Rubber railing.
Jersey Barriers (concrete) and its variations (constant
slope, F shape, Jali, etc). vii. Steel concrete barriers,
Railings, Fencing etc.
Hybrid combining two or more options

1.3

Categories of Crash Barrier According to IRC
6, following are the categories of crash barriers:
Table 1. Categories of Crash Barrier
Category

Application

P-1: NormalBridges carrying expressway,
Containmen
or equivalent
t
P-2: Low All other bridges except bridge
Containmenover railways
t

o
co
de
b

con

P-3: High At h a z a r d o u s a n d h ig h -riskU
Containmenlocations, ov er busy railway linesd,complex
t
interchanges, etc.
loa
ba
1.4 Crash Barriers need to be provided at the following
locations
Crash/ Safety barrier of rigid, flexible or semi rigid type,
in accordance with MOSRT&H guidelines/ circular shall
be provided at following locations
a.
Where height of embankment is 3m or more,
b.
Where height of embankment is retained by a retaining
structure
c.
Between main carriageway and cycle track (if any) in
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d.

e.
2.

bridges.
Barriers may also be needed on an embankment where
there is road, railway or river at the foot, on bridges with
lightly built parapets or to protect bridge piers or other
obstruction on the central reserve or verges
At hazardous location identified through safety audit or at
the edge of the flyovers/ bridges

load is recommended for evaluating the stability of the
barrier and moment slab system.
Mario Mongiardini[6] developed a research project of a
crashworthy concrete barrier system for use with
temporary FRP composite bridge decks. Upon failure of a
full-scale crash test with a New Jersey concrete safety
shape barrier, an accurate analysis of the potential
problems led to a series of design modiﬁcations to the
barrier as well as to the attachment between the composite
deck and both the bridge structure and the barrier. The
second design, which used a vertical-faced barrier, was
successfully crash tested according to Test- Level 3 impact
safety standards set forth in the AASHTO Manual for
Assessing Safety Hardware (MASH).
WU Zhong[7] stated that the collision accident
between the vehicle and barriers, not only the barriers be
able to effectively block a vehicle out of control, but also
they need to have fine function to guide the vehicle to
return to the normal running direction more quickly. Based
on Ls-dyna calculating platform, the paper analyzed the
interaction mechanism of vehicle and barriers, and the
structure of anti-collision barriers. Considering to improve
the holistic smooth degree after deformation of the barriers,
and reduce the rigidity of the articulated components and
increase the ba rriers’ holistic soft degree, an optimum
design is made to the median barriers of two-hinged
structure designed already, which is component of cuboids
concrete blocks of F type. And the response acceleration of
vehicle and displacement of barriers are given. By
comparing and analyzing the simulating results with that of
the barriers designed already, an optimal median barriers
model is given for urban elevated road at last, which is
component of a new form of parallelepiped oblique section
blocks and has more advantageous protection function of
crash safety. This will provide an important basis to
improve the structure and reasonable design a new type of
anti- collision barriers for urban elevated road in our
country.

Literature Review
M. Borovins[1] presents the results of computer
simulations of road safety barrier behavior under vehicle
crash conditions for high containment levels as mandated
by the European standard EN 1317. Simulations were
performed with the explicit finite element code LS-DYNA,
running on a multiprocessor computational platform. A
very good agreement of simulation and real crash tests
results was
The design method and impact load discussed herein have
been used successfully for more than 15 years to size the
barrier moment slab and to determine the magnitude of
loads applied to the supporting MSE wall. The source of
confusion by civil engineers is explained and the current
research to eliminate this confusion.
Z. Ren [3] describes the computational analysis
and experimental crash tests of a new road safety barrier.
The purpose of this research was to develop and evaluate a
full-scale computational model of the road safety barrier
for use in crash
simulations and to further compare the computational
results with real crash test data. The impact severity and
stiffness
of the new design have been evaluated with the dynamic
nonlinear elasto-plastic analysis of the three-dimensional
road safety barrier within the framework of the finite
element method with LS-DYNA code. Comparison of
computational and experimental results proved the
correctness of the computational model. The tests have also
shown that the new safety barrier assures controllable crash
energy absorption which in turn increases the safety of
vehicle occupants.
Thomas L. Harrison [4] presents a simplified
methodology for estimating impact loads for the
preliminary design of fixed vehicle barriers. Adjustments
for vehicle type (car or truck/SUV) and impact mode (rigid
wall or rigid pole) are included.
K.-M. Kim [5] gives guidelines on how to design
the reinforcement for pullout and yielding and the panels
for flexural and shear failure. It also gives the guidelines on
how to ensure the stability of the barrier. These design
guidelines are developed in terms of AASHTO load and
resistance factor design procedures. In a second part, a fullscale crash test on an instrumented 2.79 m high MSE wall
is described and analyzed. The wall and barrier behaved
very satisfactorily and represented a verification of the
proposed guidelines. Pressure distributions are presented
for designing the top two layers of wall reinforcement to
resist barrier impact forces. A 44.5-kN static equivalent

3. Basic Design Principles

a.
b.
c.

a.

some of the physical principles involved in a collision
between a vehicle and a parapet are explained below. When
a vehicle collides with a parapet, there are several possible
outcomes that depend on a number of factors, including the
strength and rigidity of the parapet, the speed of the collision,
the angle of incidence, vehicle weight and the center of
gravity of the vehicle relative to parapet’s height. The result is
that
The vehicle is retained and may either be stopped by, or
rebound from, the parapet; or
The vehicle may penetrate the barrier if it is not strong
enough to withstand the impact; or
The vehicle may roll over the parapet if the parapet is not
high enough.
Where parapet retains the vehicle, the collision process
may be broken down into four phases, as shown in Figure
1–
Collision of vehicle’s front corner.
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b.
c.
d.

Lateral scrapping against the parapet.
Collision of vehicle’s rear corner; and
Re-entry of vehicle onto the carriageway.

Figure 1. Four phases collision process The angle of
incidence ‘φ’ can be influenced by many factors such as site
geometry,
vehicle speed and friction on the road surface. The larger
the angle of incidence, the more severe the collision. The
likelihood of a vehicle penetrating the parapet will also be
correspondingly higher. The degree of the exit angle ‘α’
depends on the amount of energy released in the collision.
The more energy released (by deforming the parapet and/or
the vehicle) the smaller the exit angle. The less energy
released, the larger the exit angle. This will also increase
the likelihood of secondary collisions by the errant vehicle
running onto other vehicles on the roadway. To analyses
whether a vehicle will roll over a parapet is a complex process.
It depends on the center of gravity (CG) of the vehicle relative
to the contact point with the parapet, the weight and speed of the
errant vehicle, and the magnitude and duration of the reaction
force the parapet exerts on the vehicle. If the vehicle’s CG
is above the point of contact between the vehicle and the
parapet, the more flexible the parapet and the vehicle are, then
the less likely will the vehicle roll over the parapet.
The likelihood of a vehicle rolling over a parapet of a given
height may be estimated using a simple static method by
balancing the roll-over moment against the stabilizing
moment shows in figure 2. The roll-over moment is the
product of the ‘lateral impact force exerted by the vehicle
onto the parapet’ and the ‘difference in height between the
vehicle CG and the effective parapet height’. The
balancing moment is the product of the ‘vehicle weight’
and ‘half the width of the vehicle’ A double-decked bus has
a large stabilizing moment due to its typical weight,
passenger loading and vehicle width. To roll over the
parapet, the roll-over moment must be larger than this
stabilizing moment. Computer simulations on existing P1
parapets so far show that a1.1 m parapet would be
adequate to prevent a double-decked bus travelling at 50
km/h from rolling over if the impact angle is small. Based
on this analysis, the Panel does not at this stage consider a

2 m high parapet, as suggested by some members of the
public, is necessary for the safety of double- decked buses.

Figure 2.
Roll-over moment against the
stabilizing moment

4. Analysis of computational results

The results of computational simulations are shown in
Figure 3 shows the deformation steps of the safety barrier
and appropriate containment of the impacting vehicle. The
computed contact length between the barrier and the
vehicle was 10.8 m.
Computational simulations have shown that extreme
decelerations of the vehicle mass centre occur during initial
vehicle impact at the guardrail and later when the vehicle
hits the post. ASI index was well below the safety limit and
was the highest when the front wheel hit the ﬁrst post (max
ASI = 0.66), see Fig. 16. Simulations have also clearly
proved that appropriate distance spacer design, through its
con- trolled deformation, gniﬁcantly reduces the
ecelerations experienced by vehicle occupants in the initial
phase of an impact. The hexagonal distance spacer deforms
in a controllable manner until the guardrail is pushed to the
post (Fig. 10) and absorbs the highest possible amount of
crash energy. From Fig. 11, it is also obvious that a
deceleration peak occurs when the front wheel hits the post.
With a guidance proﬁle those high decelerations can be
avoided. The simulations have also shown that the weak
connection between the distance spacer and the post failed
as designed. The connection failed just before the vehicle
hit the ﬁrst post in figure 3. The guardrail was released and
consequently contained the vehicle on the road. The
working width (maximum lateral dynamic deformation) of
the simulated safety barrier was equal to1.2 m, which
corresponds to working width class W4 according to EN1317-2.
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Figure 3. Computational simulation of the

4.1

Full-scale crash test
The new road safety barrier was tested in a full-scale crash
test at TU¨ V Automotive test facility in Ger- many
according to the EN 1317 standard. The crash test was
carried with the FIAT Uno as the impacting vehicle with
the same initial impact conditions as those used in the
simulations, refer Figure 7. The road restraint system
performed well and was successful in redirecting the
vehicles back on the road without collapsing as shows in
Figure 8 and Figure 9. The measured maximum ASI index
was equal to
0.63 as shows in Figure 10. the working width was 0.95 m
(class W3 according to EN-1317-2) and the length of the
contact between the impacting vehicle and the barrier was
equal to 12 m.
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Figure 9. Deformation of the road restraint
system.
Figure 7. Crash test vehicle (FIAT Uno) (a) before
and (b) after the impact.

Figure 10. Computational and experimental
Figure 8. Test vehicle impact at the road
restraint system.

results comparison.
4.2 Comparison of the computational and
experimental results
From comparison of computational (Section 4.5) and
experimental (Section 4.6) results it can be observed
that the results compare very well in relation to the
working width of the system (computed 1.2 m;
measured 0.95
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m) and contact length (computed 10.8 m; measured 12 m).
The differences can be attributed to parameters used to
describe material dynamic behavior in computations, which
were obviously under- estimating the stiffness increase of
the material under dynamic impact loading. Computational3.
and experimental ASI index histories are shown in Fig. 16.
ASI index for the tested sys- tem does not exceed the
limiting value in any case. The highest values4.
(computational 0.66; measured 0.63), are observed when
the front wheel hits the ﬁrst post.
5. CONCLUDING REMARK
After studying fundamentals of Standards, literature, and5.
6.
case study it can be derived that
➢
Use of appropriate computational models and
procedures for early virtual evaluation of safety barrier
behavior under test vehicle impact contributes to better
safety barrier designs, which are safer for the roadusers.
➢
The use of computational simulations leads to a
signiﬁcant reduction of development and testing costs of
new safety barrier designs.
➢
Computational nonlinear explicit dynamic
analysis was employed for evaluation of the new road safety
barrier behavior under test vehicle impact conditions.
➢
Computational simulation predictions have been
compared with the results of the full-scale crash test.
➢
The used computational model provided
comparable results to experimental measurements and can
thus be used for computational evaluation of other road
safety barriers in order to avoid numerous expensive fullscale crash tests.
➢
The tests have also shown that the new safety
barrier assures controllable crash energy absorption which
in turn increases the safety of vehicle occupants.
➢
The improved barriers are able to reduce the max
impact force applied to the articulated work pieces, properly
enlarge the design space between adjacent blocks, and
increase the holistic soft degree of barriers and reduce the
impact-acceleration of car. At the same time, the holistic
smooth degree of the barriers after deformation is greatly
improved, which ca n make the barriers effectively prevent
cartwheels locked and car whipping.
➢
So it’s no doubt that the improved barriers have
much better anti-collision function and will be much safer
as well.
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Abstract--- EARTH DAM, also called EARTH FILL DAM, dam
built up by compacting successive layers of earth(such as gravel,
broken weathered rock, sand, silt, or soil), using the most
impervious materials to form a core and placing more permeable
substances on the upstream and downstream sides. This study
aimed to examine the structural failure in the earthen dams due
to hydraulic failure, seepage failure and natural disaster. Case
study of different failures worldwide has been done with proper
explanation. In addition, the strengthening techniques of the
studied dams are introduced and discussed.
Keywords--- Hydraulic Failure, Seepage, Permeable, Structural,
Strengthening.

I. INTRODUCTION
An Earthen Dam is an artificial structure made for various
purpose like flood control, irrigation, use as recreation site a nd
water supply. Earth dams are cheap or cost effective as
compared to gravity dams because the materials req u ired t o
construct an ea rth dam can be found on the site itself. So
because of these reasons earth dams are constructed popularly
worldwide. But these are massive constructions which lea d t o
danger to life around them specially to the people living
downstream. There are lots of dam which are made lo n g b ack
ago without considering different failure causes like hydraulic
failure or any nature disaster like earthquakes. So, t h ese dams
are made with a risk of failure and lots of life depend on t h ese
dams. Therefore, finding a safety methods and st rengt hening
methods for the earth dams are urgent and important.
In recent years, dam safety had b ecome an im portan t issu e
because of no of failures and loss in life property. Analy sis o f
dam failure critically important to preven t d isast ers. H ence,
understanding the failures of different dams and how to
strengthen them for prevention of future disaster is needed.
Number of studies are done on the dam failures and
International Commission on Large Dams (ICOLD) has statical
information of dam failures (IOCLD 1995).[1]
In this study, different kind of failures are observed as well as
their corresponding improvement techniques is noted. In so me
third world countries important improved techniques are
unknown which leads to the failure of damwhich is also
analysed in this study with a suggested improvement.
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II. LITERATURE SURVEY
Buddharak Charatpangoon (Journal of japan society of civil
engineering)
In this paper we came to know that,the author had st u died t h e
failure mechanisms of the fujinuma dam and introduce the
possible seismic strengthening methods for the earth dam . Th e
study consists of field and laboratory experiments were
conducted to acquire necessary information.For the seism ic
analysis , a coupled solid fluid finite formulation was a pplied .
The observed and simulated motions of the 2011 Tohoku
earthquake were used as input motions .Frequency and dynamic
analysis were performed and then they finally conclude with the
studies of the seismic strengthening techniques of the dam
introduced about.[2]
TED V Hromandka (JAWRA journal of the American
water resources Association)
In this research paper many regression eq uat io ns are u sed t o
model earthen dam failures where some regression equations are
more applicable to use other than model
.They developed the web application to assist the pract it io ners
using the “Regression Equation Selection Tool”. The application
provides the visual representation of all the data points used f or
their respective regressions where case studies can be reviewed
.This is an evolving project with new regression equations added
and documented along with additional datasets as they b ecome
available with the use of this applicable there will be an o v e rall
improvement in modelling and provide better , safer a nd m ore
economical earthen dam.[3]
Usama R Mishal (University of technology ,Iraq)
In this research paper numerical models are used t o ch eck t h e
stability of earth dams and to simulate the effects of all the
parameters ,which affects its safety .they studied an prepared the
case study for the Al-Adhaim dam which is locat ed in ea stern
part of Iraq .The major objective of this st u dy is t o d eriv e a n
empirical equation to calculate the sa fet y f act or o f s af et y o f
earth dams of similar geometrics and material without the n eed
for sophisticated analysis ,by assuming different soil condit io ns
.The concluded General Limit Equilibrium are close to the
safety factors values calculated using the general empirical
equation which is the function of soil and hydraulic paramet ers
of the shell,core and filter within the dam.[4]
Priyanka Talukdar (Indian Institute of Technology
Guwahati)
In this research papers various topics regarding the earthen dams
are studied such as critical issues with the embankments , failure
of dams due to the embankments,piping failure of the dam,o ver
more than 45 types of dams which are the examples of thee
piping failures .They also studied the early researches

on piping phenomenon through embankments and
dams .The overtopping failures of the dam are also
discussed in the paper. Examples of over 50 d ams are
being mentioned in the table for the overtopping failure
.Also research regarding the overtopping failures are
studied and they finally conclude about the future
scope in failures and their improvement techniques.[7]
L.M.Zhang (The hong kong university of science
and technology )
The research paper tells us about the st atist ics o f t h e
earth dam failures also the characteristics o f t h e dam
failures
,categories of the dam failure causes ,and also the
analysis of the sub divided earthen dams .we study
about the dam failures due to the overtopping and
piping systems .This paper focuses on the q ualit ativ e
analysis of the failure characteristics of earth dams
.proper risk analysis should also be done so that the
property and human lives will be saved. Fu rt h er t h ey
conclude on the basis of 900 case studies of t h e d ams
that most common causes of the dam failures are
overtopping and piping systems of the dam body .An d
also they state the preventive measures which be tak en
regarding both the types of failures.[1]
Alexandru Lucian (environmental engineering
volume 2016)
This paper presents research carried out on earthen dam
stability to the combined action of the site. The
research is bases on the Iasi dam Romania .in th e f irst
stage the research consisted of the phenomenon of
filtration by the darcys law .In the second stage the
behaviour of filtration and embankment were st u d ied
and analysed using the specialized soft. The resu lt s o f
the dam analysis shows the differential b ehav iou r o f
the dam slopes . This results may be used In the further
rehabilitation process of the eart hen d ams t hu s t hey
conclude that monitoring activities are also u sef ul f o r
collection of valuable data to enhance the
understanding of the behaviour of these structures.[8]
III. KEY FINDINGS
1.
The failure of earth dam and seismic
strengthening methods for the earth dam.
2.
The web application eases the study of the ty pes
of failure and can be used in future dam co nst ructio n
techniques.
3.
Numerical models can be used to check the
stability of earth dams.
4.
Practises that can be done to avoid the failure o f
earthen dams due to natural disasters.
5.
Piping failures and overtopping failures have
been discussed and also there is a lot of scope for
studying about this have been discussed.
6.
Statically failure analyses data is availabe for
research. 7.There are lot of failure situations we should
account for.
1.

2.

3.
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Abstract: In this study, the compressive strength
of translucent concrete was compared with that
of conventional concrete to find out the potential
of using translucent concrete for construction of
green buildings.Translucent concrete was
prepared by embedding plastic optical fibres in
concrete. Concrete cubes of size 7cm x7cm x7cm
were prepared and POFs of diameter 1mm were
embedded in it. Through the study, it was
observed that the strength of light transmitting
concrete was similar to that of conventional
concrete and can transmit sunlight passing
through it without any significant dissipation of
energy, thereby saving energy of the building. It
is prepared by embedding plastic optical fibres in
concrete.
KEYWORDS: optical fibres, transparent concrete,
compressive strength
I.
INTRODUCTION
Energy conservation has become an important issue
in today’s world. A study estimated that by 2050, the
carbon released by commercial, institutional and
residential buildings will amount to 3800 tonnes and
this carbon will consume 38% of the global energy.
To reduce the consumption of energy by buildings
and the upcoming construction in future,
development of a new construction material which
will consume less amount of energy has attracted the
attention of many researchers. Transparent concrete
is one such material. Concrete is one of the most
basic materials required during all types of
construction. Transparent concrete is an innovative
concrete which has the ability of letting light pass
through it. Concrete is made transparent by
embedding optical materials such as optical fibres in
it. This is because optical fibres can transmit
sunlight without any heat, light or photochemical

reaction. The light gets transmitted from one end of
the optical fibre to another [1- 6]. Because of its light
transmitting ability translucent concrete is also
known as transparent or light transmitting concrete.
Aron Losonzi was the first person to put forward the
concept of transparent concrete in 2001. The first
transparent concrete block was named as LiTraCon
[3]. In this study, the effect of including optical
fibres on compressive strength of the concrete has
been studied. The optical fibres were added to the
concrete layer by layer distributed uniformly
throughout the surface of concrete block. The
compressive strength of transparent concrete block
was then compared to that of control concrete block.
It was observed that the compressive strength of
transparent concrete was same as that of regular
concrette
II.

MATERIALS

Concrete: Ordinary Portland cement concrete was
used for the manufacturing of concrete blocks of
size 7cm*7cm*7cm. Three cubes weremade, among
which two cubes were of control concrete and one
was of transparent concrete. The weight of these
cubes was varied, the weight of control concrete
cubes being 760 gm and 780 gm and that of
transparent concrete being 750 gm. Plastic optical
fibres (POFs): POFs are long hollow cylindrical
fibres which can transmit light without any
significant loss of energy. The diameter of POFs was
1mm.
III.
EXPERIMENTAL PROGRAM
Three cubes of size 7cm*7cm*7cm were made. Two
of these cubes were of control concrete and one was
of transparent concrete. The optical fibres in
transparent concrete were distributed in horizontal
direction equally at a distance of 8mm. They
constituted 1% volume of the concrete cube. For
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transparent concrete cube, wooden moulds of size
7cm*7cm*7cm were prepared, each cube separated
by perforated plates. The optical fibres were passed
through the holes of these perforated plates. Before
filling these cubes with concrete they were coated
with oil, so that, the concrete cubes would not adhere
to the moulds. The compressive strength of these
cubes was found out using Compression Testing
Machine.
IV.
RESULTS
Table 1. Compressive strength results
The compressive strength of the concrete blocks was
determined usingthe compression testing machine
(CTM). It can be seen in table 1 that 750gm cube
block and 780gm cube block of control concrete had
compressive strength of 38.77Mpa and 40.23Mpa
and 750gm of transparent concrete block had a
compressive strength of 36.70Mpa. It can be
concluded that the compressive strength of
transparent concrete is similar to that of control
concrete.
V.
CONCLUSION
The study showed that the transparent concrete can
reduce electricity bills without compromising with
the strength of the building. It will reduce the
energy consumption of both residential and
industrial buildings. It can be used for construction
of green buildings since it will save energy and will
also provide aesthetic beauty to the building
VI.
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AbstractPopulation
growth,
urbanization,
industrialization and technological development have
contributed to the generation of large quantities of solid
waste on a daily basis. Unscientific waste disposal
methods, poor collection and inadequate transportation
are considered as the main reasons for accumulation of
solid waste. Efficient collection, transportation and
management of solid waste will not only reduce the
pollution problem but also reduces the risk to human
health and the environment. Important functional
element of municipal solid waste management includes
waste generation, collection, transportation, processing
and disposal. The present study focuses on smart waste
management practices specifically for municipal solid
waste. Geographical Information System (GIS) is
considered as a successful approach to analyze complex
spatial phenomena which help in planning and decision
making related to solid waste management GIS and GPS
technologies have proven to be useful tool for smart waste
management. It helps in improving the collection
efficiency of municipal solid waste by optimizing the
collection and transportation route as well as by
reallocation of bins.
This paper explores how Geographic Information System
(GIS) and Global Positioning System (GPS) can be used
for decision support system for proper management of
solid waste. The purpose of this paper is to review
research papers and suggest suitable plan for
management of municipal solid waste.
Keywords— Smart Waste Management, Geographical
Information System (GIS), Global Positioning System (GPS
I.
INTRODUCTION
Indian urban dwellers generate 0.2- 0.6 kg per person per day
resulting into a national total generation of nearly 105,000
metric tons of solid wastes per day. The country’s largest
cities collect between 70-90% of total wastes generated,
while smaller cities and towns usually collect less than 50%
(Kumar, 2009) [1]. Waste management is one of the primary
problems that the world faces irrespective of the case of
developed or developing country. [2] Improper waste
management has been proven to be the sole reason for the
hazardous air pollution leading to serious health issues like
COPD (Chronic Obstructive Pulmonary Disease) and
Asthma, for people who have their livelihood close to these
garbage bins. The failure to remove this
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accumulated garbage is the sole reason for breeding of
mosquitoes and houseflies, which is the root cause of fatal
diseases like Dengue, Malaria, etc. Nearly 235 million
people are victims of breathing illness due inhalation of air
with foul smell. [2]
Smart Waste Management Practices using GIS has
immense potential to improve the efficiency of waste
collection system. The use of GIS and spatial modelling
tools can be used for reallocation of bins and route
optimization can provide economic and environmental
gains by reducing travel time, distance, fuel consumption,
and pollutant emissions. By providing outputs for decision
support and review in a wide variety of projects, such as
waste collection route planning, site selection exercises for
transfer stations, landfills or waste collection points, GIS
may add value to waste management applications.
Also, Smart waste management systems use sensors
placed in waste containers to monitor fill levels and to alert
city collection services when bins are ready to be emptied.
Over time, historical data collected by sensors can be used to
identify fill patterns, optimize drivers routes and schedules,
and reduce operating costs. The cost of these sensors is
steadily declining, more use of sensor technologies in
varies smart techniques makes itself more feasible to
implement and more attractive to city leaders.
Awareness generation, community participation and
public private partnership is important to make waste
management practices more sustainable.
A REVIEW ON USE OF GIS ON VARIOUS ASPECTS OF
SOLID WASTE MANAGEMENT
Substantial amount of budget is allocated on waste collection
by urban local bodies. Therefore it is important to optimize
waste collection and transportation route for economic and
environmental gains. GIS plays an effective role in route
optimization.
This section gives a brief overview about various

researches and studies in which GIS has been used as
smart waste management tool for optimizing the
collection and transportation route. Studies on sensor
based smart bins have also been reviewed
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in this section.
GIS application in waste collection and transportation route
optimization:
Ghose et.al. 2006 in their study on GIS based transportation
model for Solid waste disposal- a case study on Asansol
Municipality, have designed and created an appropriate plan
for storage, collection and disposal for the West Bengal
State's Asansol Municipality Corporation (AMC) (India).
The study focused on developing an effective solid waste
management system by proposing a GIS optimal routing
model. The GIS based model was proposed for determining
the minimum cost/distance efficient collection paths for
transporting the solid wastes to the landfill. The research also
mentions that over a projected period of 15
of new collection points. For this model, information was
collected on waste generation, population density, types of
roads, vehicle used for transportation and existing method of
collection. GIS routing model was proposed for single ward
of 2.15 km 2 in south Bengaluru. In the details of existing
routes with the help of GIS logger analyzing the existing
routes of the ward and also information was collected
regarding location and distance travelled with the help of
satellite signals. The waste collection of each individual area
for one month was obtained by survey. The introduction of
new bins, dumping points, new routes for haul truck, dustbin
are designed with two compartments dry and wet. The
existing
year, the overall savings will be significant. Various
parameters such as population density, waste generation
capacity, road network and the types of road, storage bins and
collection vehicles, etc., was considered for developing a GIS
optimal routing model.[3]
A research study on GIS based location analysis of collection
bins in municipal solid waste management system illustrated
a GIS based algorithm for optimal location and number of
storage bins, considering p-median constrained model, based
on Indian guidelines for Municipal Solid Waste Rules (Vijay
R. 2008). The study was carried out, with the main objective
of identifying the optimized location and appropriate number
of storage bins by p-median constraint model on a GIS
platform. In the study it was proposed that if optimized
locations of bins are not acceptable due to environmental
factors, the proposed algorithm will rerun to satisfy the
location and number of bins, for newly or replaced position
of bins. Triangulated irregular network (TIN) was generated
using road elevations for computation of command area.
The parameter used in algorithm for deciding the command
area of each bin for solid waste collection was minimum
distance travelled by household to bin with descending slope
criteria. Based on shortest distance and slope criteria,
additional weightage was given to each road link, for ease in
transportation of solid waste loaded by carts to reach the
nearest bin. The study mentions that GIS based algorithm
and precise estimations will improve the efficiency of
collection and transport of solid waste towards bins and
disposal sites thus ensuring effective and efficient system
design for solid waste management.[4]
A research study based on developing a GIS based model for
the optimization of municipal solid waste collection by
Christos and Katia in 2009 aimed at replacing and
reallocating the waste collection bins as well as rescheduling
waste collection via GIS routing optimization. Number of
required bins was determined, on the basis of the daily and
weekly produced waste quantity. The study proposed
allocation of bins on the road network (intersections are
preferable) and installation of new bins near existing bin
locations (in a buffer zone 60 m wide). Number of required

bins was determined for the replacement of the existing large
number of smaller bins. For routing optimization of waste
collection vehicle, based on various criteria and restrictions
adopted in ArcGIS Network Analyst, different routing
solutions were created considering different scenarios. The
solution which was more efficient in terms of collection time
and distance travelled was indicated in the study.[5]
A study on ‘an effective routing model for collection and
transportation of solid waste in Bengaluru South’ by Nadgir,
et.al. in 2017 proposes a model for efficient routing for the
transport of waste along with the introduction of new
collection points. For this model, information was collected
on waste generation, population density, types of roads,
vehicle used for transportation and existing method of
collection. GIS routing model was proposed for single ward
of 2.15 km 2 in south Bengaluru. In the details of existing
routes with the help of GIS logger analyzing the existing
routes of the ward and also information was collected
regarding location and distance travelled with the help of
satellite signals. The waste collection of each individual area
for one month was obtained by survey. The introduction of
new bins, dumping points, new routes for haul truck, dustbin
are designed with two compartments dry and wet. The
existing routing systems were reframed for the collection.
With the help of new existing routes, the 45% cost reduction
was achieved.[6]
Sensor based smart bins for smart waste management
M. Adam, et.al. (2018) in their study on Waste
Management System Using IoT focussed on use of wireless
sensor network (WSN) and internet of things (IOT)
technologies to manage real time monitoring of the
container. In the study it was observed that each bin
consisted of ultrasonic sensor, Arduino UNO, and Wi-Fi
module. Ultrasonic sensors, detected the waste level of
waste containers which were placed on different
geographical location. Arduino UNO connected and
controlled the sensors and Wi-Fi sends all gathered data
from bins for monitoring and controlling system by using
internet protocol. The monitoring and control system send
the bin status and the location message to the garbage truck
to empty the bin if it is full. After receiving message of full
status of bin from monitering and controlling system
garbage truck collect waste from respective bin location.
By intimating the notification of garbage filled, the use of
the garbage collecting vehicle will be optimized.[7]
Folianto, et.al. (2015) in their research on Smart
bin: Smart Waste Management System, illustrated the use
of Smart bin solution for empowering the cleaning
operators to detect cleanliness issues in real time using GIS
along with Smart bin technologies. Each bin was equipped
with sensor to identify whether the bin was empty or
completely filled with waste. The collect data was
delivered through wireless mesh network through designed
system. The system also employed duty cycle technique to
reduce power consumption and to maximize operational
time. The system worked on three-tier architecture: 1) The
outdoor nodes consisted of sensor nodes & gateway nodes
which was fitted in every smart bin, to receiving sensor data
from the sensor nodes, and forwarded the information to the
backend server via any internet connection. 2)The analytics

module processes fullness readings, compares against
predefined rules, and generates event upon exceeding
threshold.
3) Then workstation process on information received and
show meaningful information to users through a graphical
user interface. The study proposes that each bin will be
visualized using an icon on a GIS. The sensor node was also
equipped with a Global Positioning System (GPS) to obtain
location information for tracking current location where the
Smart bin was deployed.[8]
Mustafa, et.al. (2017) in their study proposed a
practical system for monitoring the level of garbage by using
ultrasonic sensor. The study focussed on real time waste
management system by using sensors which were used to
check the level of garbage in the dustbin. The proposed
system uses the ultrasonic sensors which demonstrates the
level of garbage depth inside the dustbin and sent to
microcontroller to display on LCD. This allows user to know
the level of garbage in the dustbin without open it. The study
mentions that the proposed system will help in informing the
status of each dustbin in real time. This information will be
send to garbage collector when the dustbin is full. As a result
it will reduce collection cost, man power and reduce traffic
congestion. It is expected that this system can create greener
environment by monitoring and controlling the collection of
garbage smartly.[9]
PROPOSED GIS BASED MODEL FOR SMART WASTE
MANAGEMENT
Based upon the review of research papers, the present study
proposes a combined use of GIS with advanced technology
Global Positioning System – GPS for storing and analyzing
spatial data for efficient waste management. The conceptual
framework for a GIS based methodology for smart waste
managem
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Figure 1. Conceptual framework for GIS based smart waste
management system
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This paper reviews innovative methods to tackle existing
waste management problems. The proposed conceptual
framework will result in substantial changes to the
collection, transportation and management of solid waste.
This will also help in economic and environmental gains.
Combined use of GIS and GPS can be used to optimize the
location of bins and collection route. Furthermore, other
sensor based technologies and smart bin can be used for real
time tracking and monitoring of solid waste. Municipal
authorities can use the proposed technologies as a decision
support tool for the effective management of solid waste
transportation, load balancing of vehicles, and fuel
consumption.
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Abstract— Solid waste in the gutters and channel s
causes local flooding. As cities are devel oping the
drainage lines are shrinking or we can say not
developing as per the needs of growing ci ties. thi s
decrease capacity leads to less efficient systems
which are further decreased by choking of the
systems because of the solid waste. According to a
recent study by the Times of India our
metropolitan city generates about 5 3476 0 to ns o f
solid waste every year. Almitra Patel, a civil
engineer, took an initiative to solve this issue when
she saw that the marine life is being disturbed a nd
hampered. As there are many pervious works ha s
been done and they developed a machine such as
automatic gutter /drain cleaner system (April
26,2017). but it not shown such effective result.
Hence, we came up with a small initiative having a
setup separate the solid waste before it enters the
sewer lines, and which will collect these solid
wastes effectively and with adequate amount. After
implementation of this setup at specific point or
location in sewer line water logging pro blem wi l l
be reduce to great extent.
Keywords—water logging, drainage, solid waste

I. INTRODUCTION
As cities grow and develop, the urban landscape
undergoes a high degree of change, at same instant
many problems are also arise, one of the major
problems which often occur is water logging.
Waterlogging is a form of natural flooding when water
level rises to surface level as the result of overflow
from the sewer line.it mainly occur due to chokin g o f
sewer line by solid waste such as plastic bags, pla st ic
materials, cane, wood pieces etc. For dealing with such
problem government use huge expendit ure t o clean
sewer line/drainage line. Waterlogging mainly affect s
the people living in low level terrain(area) because
most of the time water enter to their houses due which
there have face many problems. Wa terlo ggin g a lso
effect the public day to day life
,huge traffic problem on roads are also take place
because water from sewer line rise to road
surface, and also

deteriorate road life etc.as government use huge expenditure
to clean such wastes so after implementing our setup at
specific points in drainage /sewer line after survey these setup
remove such waste which in turn reduce th e wat erlo ggin g
problem, reduce man power and provide good and adeq uat e
water flow through sewer line and also reduce expenditure to
great extent. Proper functioning and a clean sewerage system
are very important for life to sustain on earth. it is very
important for the health, sanity, cleanliness and environment
of each and every individual, plants and animals around. An
improper and untidy sewerage system can highly en danger
the health conditions of the vicinity and lead to various fatal
diseases. Sewerage water contains non-biodegradable as well
as biodegradable substances which are en trapp ed in t o t h e
channels for several days when not cleaned or flushed
properly this biodegradable waste start to decompose within
the channel and create various poisonous gases and liq u id s.
These poisonous gases and liquid can enter the Marine
bodies, farms, underground water and creat e p ro blems o f
sanity, drinking water. The workers that have to go inside the
manholes and clean these laterals and supply of the sewerage
system to face any diseases which are fatal. As we know
labors cleaning sewer line / drainage system seem unet hical
and also, they are led to high risk of catching in f ect io ns o r
poisoning due to hazard material which were presen t in t h e
form waste. Many times, due to choking water or sewerage
flow is interrupted and this black or grey water comes up into
the city or town. As to avoid these all problems we come u p
with such setup which will very effective and economical.
After implementation about 90% of these problems are
expected to be reduced.
II. LITERATURE REVIEW
[1] The paper discussed about why water lo ggin g wa s a
serious problem in urban areas and its risk analysis using
various statistical data. This paper emphasizes on Tianjin city
(China) and the statistical data was related to the same.
Firstly, the region was divided into grids on the basis of
rainfall intensity. Secondly, the precipitation over heavy rain
was divided into seven grades, the experiential expression of
frequency and rain grades was got according tothe observed
rainfall. Thirdly , the mathematical model was used to
simulate various rain process according to the features of the
rainstorm and the draining rule, based on the simulated

maximum water depths, 3 class of disaster extents
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were established, the disaster risks were mainly in
Class I and Class II.
[2] The paper gave an insight of The Jarimari Nala in
Kalyan. An Australian software ‘DRAINS’ was u sed
in which the peak water flows at the critical p o in ts in
the drain are modelled by artificially splittin g u p t he
channel into small parts and routing the water through
them. The software modelling examines the provision
of detention basins to control flooding in the
catchment. These basins reduce flooding b y st o rin g
part of the runoff, thereby diminishing overflows. Due
to inadequate data like detailed catchmen t d ata, t h e
quantity of stormwater runoff and other legal
obstructions the results were hampered.
[3] The paper emphasized urban water logging a n d
floods are entirely manmade caused by poor, outdated
drainage systems, plastic bags, shrinking open spaces
and climate change contributing to accumu latio n o f
water on roads after a heavy downpour. Due to
population increase and increase in demand of
housing, the concrete cover on ground is increasing
and green cover (especially mangroves) is decreasing.
He proposed various methods like rainwater
harvesting, ban of plastic bags, better use o f weath er
forecast which would help in reducing water lo ggin g
and floods in metro cities.
[4] The paper primarily focused on improvement o f
drainage systems in the area of Teknaf (Bangladesh).
On the basis of outfall, dividing the total wa ter sh ed
into number of drainage zones to check the
discharging capacity of the outfalls and analyzin g t he
existing conditions related to drainage facility in urban
area. Improvement of drainage network by
construction of new primary and secondary d rain s.
Improvement of outfalls to accommodate runoff f rom
present and future urbanized area. Cleaning and
removal of blockage from existing drain s and rep air
and rehabilitation of existing primary, secon dary an d
tertiary drains and protection of the wa ter q ualit y a t
outfall.
[5] The paper discussed about Mumbai city and
specifically on the bad condition of Mithi riv er, a lso
other solutions like bores along with storm water
drains were suggested by the author.
[6]through his paper throws light on how solid wast e
management is a large and growing problem for
countries in the developing world and is often a
neglected aspect of urban management. However, poor
waste management can contribu te t o t he im pact o f
urban flooding by blocking drainage, increasing
debris and harboring disease vectors. A review o f th e
literature and analysis of case studies (b oth fro m t he
literature and from examples collected in the
preparation of a global urban flood handbook) confirm
that solid waste management was an emerging issue in
flood risk
management practice. Approaches to improv e wa ste
management included large municipal programs an d
locally based community schemes. It was seen t o b e
important that the management of waste was adopt ed
as part of a wide integrated flood management
program. The research indicates waste management as

an effective response to flood risk but, in order to
remain successful, it requires sufficien t co mmit ment
and engagement can be mobilized in the long run.
Neil Armitage [7] covered the problem of solid wa st es a nd
litter entering the drains, catchment areas and blocking them.
It was based on surveys from various parts of the world a nd
was based on Cape Town, South Africa. Author emphasizes
on the need of-Reduce the quantities of litter being deposited
in the catchments. Prevent the deposited litter from enterin g
the drainage system wherever possible. Remove the balance
from the drains where necessary. It has various surveys
regarding different types of solid wastes, their sources, t h eir
segregation and causes in blocking the drainages. Also, it
provides different solution to the same like I n stalments o f
grids over catchment entrances. Structural con trol t h ro ugh
litter traps. Stormwater cleaning systems structure.
Md. Masud Alom, et al.[8] focused on rapid population
growth and its growing demand for housing in Dh a ka C it y
are encouraging the real estate business and private
developers to grab and encroach of wetlands, low lands,
water bodies and natural drainage system for housing, roads
and commercial activities. These unplan ned d evelo pment
activities are grossly violating the Dhaka Metropolitan
Development Plan (DMDP) and the Wetland Conservatio n
Act. Such activities cause the natural drainage p att ern an d
flood retention areas to get destructed and creating the
unprecedented water logging. Further the methodology
carried out by them was carrying out surveys, a nd v ariou s
observations regarding the impact of solid waste, and
provided solutions to these issues with respect to im p roved
infrastructure and better solid waste management systems.
TV Ramchandra, et al. [9] described the extent of urban
flooding caused by solid waste disposed in open urban sewers
within city corporation area. The typical locations where
USW was discharged and the locations most vuln erab le t o
disposal /floods as well as the conditions favoring choking
blocking and subsequent flooding has b een st ud ied a lon g
with the impacts of solid waste on drainage network in
Bangalore city during the rainy season of the year 2011.
Random surveys were conducted in flood prone areas to
determine locations where floods occur due to solid wa stes
blocking sewage and storm water flow. Around 50% of main
drainage locations were checked. Survey was initiated based
on available local information and literature. Flooding
indicators were clear and enabled us to delineate t his f rom
non-flooding area. Three flooding areas were selected based
on the level of flooding and waste accretion. Interviews were
also conducted in all the three locations to know flood
associated damage. The results showed that waste was
present at almost 90% of total visited f lood lo catio ns a nd
caused open sewer choking and temporary floods during peak
discharge. Drainage channels were either narrow or partially
to completely blocked with solid wastes. Plastics and clothes
were the main constituents of solid waste present in such
choked waterways - sewers. Understanding of such chokin g
events also helps to determine the patterns and characteristics
of drainage streams where solid waste can accumulat e a nd
cause urban flooding.
Tomonori Ishigaki, et al. (Asia Pacific Network f or Glo b al
Change, Japan, Thailand, Vietnam) [10] This ex aminatio n
means to show an urban flood chance decrease p ro cedu re
which unravels urban seepage issues by overseein g s t ro ng
garbage got from anthropogenic and common exercises,
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through managerial administratio ns o n sewage an d
seepage clearing, squander assortment, and resident 's
collaboration to garbage removal. This study based o n
the cities of Bangkok and Hue help us understand t h e
various aspects of the solid waste management and the
ways we can solve them. Analysis was done for the
composition of the solid waste debris in canal and
drainages including bulk density analysis and
moisture density analysis. Waste on screens, drainage
throats and open ditches were studied carefully a lo ng
with the waste deposited in the drainage. They
attempted to provide solution to this issue by creatin g
mathematical models for the drainage traps and
creating provisions for keeping the litter and debris
away from the channels and drainages. Numerical
dynamic model expressing solid debris clogging in
canals was developed. Basic behavior of resident s o n
waste disposal and scattering to canals
III.
CONCLUSION
From the research papers, we conclude that water
logging and flooding are serious issues/threats to
urban cities and various solutions for t h e same h ave
been suggested and implemented. To name a f ew a re
rainwater harvesting, ban of plastic bags, improvement
of drainage systems, widening of drains etc. We also
came to know about various properties o f t h e so lid
wastes, their categorization and their behaviours.
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ABSTRACT: Geosynthetic reinforcement is one
of the most extensively used method for soil
reinforcement for the construction of various soil
structures such as retaining walls, bridge
abutments,
embankments,
foundations,
highways, and railways, coastal and military
structures, etc.
Geosynthetic materials are a wide range of
materials which includes Geosynthetic textiles,
Geogrids, Geocells, etc which is manufactured
from polymers, textiles or metals. The
mechanism of interaction between the interface
(majorly friction) of geosynthetic reinforcement
and the soil which results into the internal
stability of geosynthetic reinforced soil. Under
high Impact loads or tensile stresses it undergoes
failures such as rupture and pull-out. The
materials used to manufacture geosynthetics are
the conventional materials which has positive
poisson’s ratio hence it flattens when stretched
which leads to failure under high tensile force.
Auxetic material is a metamaterial which has
negative poisson’s ratio (NPR) hence it expands
when stretched. Auxetic materials are rare to
find naturally but it can be designed by
reorienting the structure or geometry of
materials in order to obtain Auxeticity i.e,
NPR.The application of such an unique property
like NPR can revolutionize the geosynthetics by
eliminating its common forms of failures;
rupture and pullout which is a cause of high
tensile stresses, This paper introduces this
material as GeoXetics which is a geosynthetic
material having NPR. The different types of
auxetic materials based on its structure,
geometry, material, fabrication have been
reviewed comprehensively in this paper. This
paper includes studies and tests on various
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geosynthetic materials as well as auxetic
materials and its observations are discussed
conclusively.
I.

INTRODUCTION

Since ancient times, every major construction
activity requires ground as an ultimate anchor to the
structures therefore, Ground improvement, soil
Strength enhancement and many requirement
specific Modifications are sought after and concept
of soil reinforcement has been there since ages.
Geosynthetic material is one of the modern and
intensively used material which is basically a
material either textile, metal or polymer drawn into
planar layers and which are placed in the ground for
many types of Soil/Ground modification. Normal
Materials, when used as geosynthetic material
undergoes Tensile Action which Leads to failures
such as Rupture, Pull-out a s reinforcement in the
soil. But, Auxetic material is a material which has
negative Poisson’s ratio (honeycomb) and it can also
be designed in any way to get the desired physical
reaction to certain forces by designing its
shape/structure. An auxetic material which is
designed appropriately should show compressive
action under Vertical load. If this is used in soil as
geosynthetic layer, our idea assumes that it should
convert the load into compressive stress under the
soil which can be easily resisted by soil. Normal
Geosynthetic material primarily works on the
principle of frictional bond between soil And
geosynthetic layers which resists the tensile
Stresses, hence when GeoXetics would be Used, It
might show better results with the presence of
Frictional bond as well as Compressive action of the
GeoXetics.
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II.

LITERATURE SURVEY:

1] Through this paper by Milena stavric et al we
understand the fundamental geometrical and
kinematic qualities of an auxetic structures. The
Geometrical standards can be applied or performed
so as to plan another conceivable Auxetic structure.
Through this we can design, create and develop a
new auxetic structures, in an absolutely geometrical
way which depends on the kinematic approach of
various systems. In view of Geometrical
contemplation, we frames another inflexible
materials and Composites of them with appropriate
joint associations with permit the utilization of this
framework in an Engineering scale. [1]
2] This paper by E. V. Cuelho et al on Full-scale
field test segments were built to assess the exhibition
of a few geosynthetics which are regularly utilized
for sub grade stabilization. A sandy earth soil was
consistently arranged as a frail, fake roadbed
material and a 20-cmthick total layer was compacted
over the geosynthetics. Dealing was given by a
completely stacked couple hub dump truck.
Longitudinal groove profundity was checked all
through the dealing time frame to assess execution.
In light of an exact examination, the outcomes
demonstrated that the welded geogrids, woven
geogrids and the more grounded indispensably
framed geogrid item appeared to give the best
generally execution, while the two geotextile items
and the more fragile essentially shaped geogrid gave
fundamentally less
adjustment advantage.
Moreover, this execution is probably going to be
legitimately identified with the elasticity of the
materials in
the cross-machine course.
Disappointment of the woven geotextile and more
fragile indispensably framed geogrid was because of
pullout and longitudinal crack of these materials,
individually. Extra work is expected to all the more
completely comprehend which geosynthetic
material boundaries are generally applicable in these
circumstances. [2]
3] In this paper by H.M.A.Kolken et al the term
“metamaterials” refers to the materials engineered in
such a way that it exhibits novel properties which
are not typically found in natural and conventional
materials. Auxetic materials is a metamaterial which
qualifies with such unusual mechanical properties
which includes negative Poisson's ratio, negative
elasticity and negative compressibility. Its Poisson's
ratio originates as a result of its geometry,
dimensional features and micro-structure and its
nature of deforming under uniaxial loading. It can be
categorized by three types of basic structures:
• Re-entrant structures
• Chiral structures
• Rotating structure [3]

4] This paper was by Dr chinta S.K et al, Auxetic
textiles are metamaterials whose fiber diameter
widens on stretching it because of its negative
poisson’s ratio (NPR) and such physical reaction of
a textile is contradictory to the properties of
conventional textiles which flattens under such
stresses.This creates room for extraordinary range of
products and its applications with this unique
property. Open-cell polymeric foam was the first
Auxetic textile to be produced twenty three years
ago which was followed by the following range of
auxetic textiles: Yarn, Fabric( woven/knitted/etc),
polymer gels, carbon fiber composite laminates,
metallic foams, honeycombs and micro porous.
Studies shows that most of the synthetic textile fibre
can be induced with Auxetic property if:
• It has the Particles size more than
300micro mts.
• The maximum melting temperature of the
fiber during spinning process must be
very close to its derivative powder.
• Also, ts DSC-derived percentage of
crystalline close to its derivative powder.
• Its temperature can be accurately
controlled under all phases of
manufacturing so that its derivative
powder particles can be sintered together
due limited optimum surface melting,
without melting completely. [4]
5] This research has been carried out by Aniket
Ingrole et al on Auxetic honeycombs structures that
have negative Poisson’s ratio. Auxetic structures
used in various engineering fields because of their
mechanical properties, energy absorption property
and volume change property which enhance their
performance. Through this paper we understand less
the Poisson’s ratio, more the energy absorption
capabilty when compared to the other structures.
Below image shows the basic principle of auxetic
structure, the way it deforms when uniaxial load is
applied. The deformation is due to the hinged upon
the diagonal ribs. The ribs aligned in horizontal
direction causes the cause the movement of ribs in
vertical direction to move apart, that’s auxetic effect.
[4]

Figure 7 unit cell deformation in tension
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6] In this paper by Vitezslav herle shows Plan of
strengthened soil structures is coming out from
extremely traditionalist assumptions that lead to
exceptionally over planned and uneconomical
developments. The principle reason is low
estimation of the wet blanket rigidity that is
estimated on the geosynthetic fortification
components in the research center without
cooperation with the soil. SG Geotechnika has been
observing, for quite a long while, conduct of many
strengthened soil structures. Examination of
estimated estimations of expansion (and relating
worry) of the geosynthetics fortification with
anticipated qualities shows that the distinction can
be many percent erring on the side of caution.
Consequences of checking will serve for refreshing
of Czech plan code for fortified soil structures.
Reinforced soil structure have gotten fairly basic in
structural designing developments, basically
because of their economy flexibility and
straightforward innovative method. In spite of the
fact that the execution of these structures has been
moderately all around arranged there is no broad
agreement on the plan of these structures. the head
of the plan are comparative in larger part of the
codes .it is important to assess both inward and outer
dependability of the fortified soil structure.outside
dependability assessment is certifiably not a major
problem majority of different incline steadiness
strategies depicted in soil mechanics distributions
can be utilized for that reason .the distinctions in
configuration codes are in inward solidness
computations. [5]
7] Geosynthetics has been widely used to reinforce
soil structures such as embankments, abutments,
slopes, road, walls etc. This paper by Yan Jiang el.
At. helps us to understand geosyntheticreinforced
soil structure (GRS). Pullout test has been carried
out for the purpose of this paper. A twodimensional
numerical simulation is performed using a finite
difference method program and MohrCoulomb
model to describe the behavior of the backfill.
Pullout test was performed in on a uniaxial
highdensity polythene geogrid in three different
confining pressures. The dimensions of the pullout
box are 1.5m in length, 0.6m in width and 0.6m in
height. The material of the backfill used is
aggregates used in the construction of mechanically
stabilized earth (MSE). Normal pressure was
applied by air bag. The controlled displacement rate
of the geogrid is approximately 1mm/min. [6]
8] This paper by Izzaldin Almohd el at helps us to
understand the mechanism of interaction between
the interface of geosynthetic reinforcement and the
soil. The internal stability of geosynthetic reinforced
soil assures that the reinforcement wont rupture of
pullout due to external forces. The pullout behavior
of various geosynthetic reinforcement under the

influence of soil’s physiochemical property is
studied in this paper. This behavior was studied by
considering the pullout load displacement curves
which were measured at different points along the
geosynthetic reinforcement. In this study one woven
and four different geogrids with different geometric
structures and stiffness were used. The studied load
displacement and further the deduced load
deformation curves were examined to determine the
interface strength parameters. The inflection point
on the load deformation curve that reflects the
compatibility force was influenced by the interface
adhesion for a given segment of geosynthetic
reinforcement. This compatibility force is the force
required to produce displacement at either ends of
the segment of the geosynthetic reinforcement. The
reinforcement-soil interface and the interface
friction angle were ba ck calculated using these
compatibility forces. This angle of interface friction
was found to be inversely proportionate to the
square root of the confining stress levels of the tests.
[7]
9] In this paper written by Riya Bhowmik el at the
tensile capacity and the anchorage sufficient enough
to make a geomembrane and soil interface stable
against any movement over a slope or sliding of this
interface has being measured for an MSW waste
dump. Two infinite slope analysis methods and two
finite slope analysis methods, so in total four
analysis methods were used to obtain results for this
paper. Slope inclination varied from 3:1 (H:V) to
1.5:1 (H:V). The heights between the berm being
taken is measured upto 5m and 10m.For a slope of
1.5:1 (H:V) and heights between berm 5m the tensile
strength required to stabilize being calculated by all
four methods lies between 33kN/m to 85kN/m and
for the same H:V ration slope but heights between
berm of 10m the tensile strength required to
stabilized being calculated by all four methods lies
between 90kN/m to 170kN/m. Four methods namely
Koerner (2005), Qian et. al. (2002), Sharma and
Lewis (1994) and Villard and Chareyre (2004) were
used to calculate the approximate anchorage
capacity for run-out and trench anchor. For a 2m
wide berm the anchorage capacity for a run-out
anchor is measured to lie between 30kN/m to
46kN/m and for trench anchor the anchorage
capacity is measured to lie between 48kN/m to
110kN/m. The above mentioned capacities are
enough for the anchorage of geosynthetic
reinforcement when the heights between the berms
is upto 5m. The paper demonstrates the large
variation of results by different methods and the
requirement to improve the present practice. [8]
III.

METHODOLOGY

Stage I: Selection of Material
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Selection of relevant polymeric which is easy to
print with 3D printers and serves our purpose well.
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Abstract—Water being one of the pri ma ry but
most essential human need. It is impossible to
live without water for any living creature on the
earth. Water along with oxygen, food and
shelter is basic need of human being. But during
difficult times of calamities At least clean wa ter
must be available for people. Specifically talking
about time during flood the availability of clean
water Is very difficult at flood may cause mass
destruction of infrastructure and mass
migration of people. Hence even with tones of
water around us during flood no water can be
assured as clean and safe for drinking. The
treatment can be used dependent on the size of
the smaller scale life form. By recog nizing the
size of the tiniest microscopic organisms will
make simpler to discover the filtration
dependent on the size of channel pores and
other processes to guarantee all the
microorganisms is evacuated and the water saf e
to utilize. The water will turn out to be safe to
utilize when it will be clear, transparent and
there is no pathogenic scale living being in there.
It is difficult to generate potable water in the
case of natural calamities. Likewise, the
wellbeing hazard turns out to be considerably
more genuine if the contaminated flooding
water may enter the water framework thro ugh
spilling pipes. Flood is the catastrophic event
which causes the most harm of human difficulty
and monetary misfortune. The water del iv ered
by flood isn't perfect since it has blended in with
water like drainage, stream, broadsheets of
water, springs, rock and soil that have
disintegrated from mountainsides and
furthermore mud. It is necessary to pick the
decontamination and filtration framework
which successfully dispense with the smaller
scale living being in rising water to use for
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drinking in a roundabout way to defeat the
absence of clean water.
I. INTRODUCTION
Every effort should be prepared to attain a drinking
water quality as safe as possible. It has become t h e
problem to generate the clean water, especially in
case of a flood. Floods have been an adverse effect
for the people and there are major lo sses o f liv es
and property, the water that gets contaminated
cannot be used for drinking purpose. During
calamities the food and packed water are su p plied
to the victims, but in such cases the water is not
enough, and the flood victims risk their lives by
drinking the contaminated water. The water b eing
contaminated causes major illness t o t h e p eo ple.
The basic survival of the flood victims is based o n
the primary availability of safe and clean drin kin g
water. Lot of dissolved and undissolved p art icles
and salts are present in the water during the
calamities like flood. The availability and need of
pure and portable drinking water stand in the way
of life and death in such scenarios. Fo r ex ample,
several parts of Assam got hit by the floods and
around 15 lakhs people across 23 districts were
affected, the death toll stood at 27 on June 30,
2020. It gives critical to the user because there a re
lots of dangerous bacteria in flood water wh ich is
not same as well at the tap water as u sed b efo re.
The health will be affected if we use the water from
the contaminated flood as the daily use like
bathing, cooking, drinking and others. There a re a
number of Portable water filtration systems
available in the market, but not all of t h em are o f
good quality and very expensive. Therefore, a
portable filter is needed during the time of such
calamities which can efficiently purify water f or a
span of about 15-20 days. A water filt er m edia is
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hence prepared for removal 2 of suspended and
dissolved solids, color, odor, turbidity, other
chemicals and the possible pathogenic bacteria.
The proposed filter is potable, easy to use and it
can bring the contamination levels down to the
expected permissible levels which are safe for
human consumption.
II. LITERATURE SURVEY
This research results in solar Powered Portable
Water Purifier System that can change o ver f lo od
water into clean drinking water. This water purifier
framework can refine and kill most sorts of
microscopic organisms and bacteria causing
disease. This filter is a mix of 5 Reverse Osm osis,
7 – pore Ultrafiltration, Sediment Filter (Fine),
Carbon Filter and Ultraviolet Sterilizer. H o wev er,
the earlier planned versatile model was changed t o
compact model express that will still use sun
energy. The investigation came about with a so lid
finding of having an adequate incentive rega rdin g
pH, Conductivity, Coliform tally, Silica a n d Lead
content, Color (Turbidity) and Alkalinity. The
treatment procedure for this issue is organic
treatment and filtration process. All Laboratory
results passed the National Measures for Drin k in g
Water. [1]
A portable, low power water purification system
which was designed including activated carbon,
ceramic candle filtration up to 0.2 microns with
removal of turbidity followed by UV radiation f or
virus destruction. The main objectives to be
achieved from the design of this filter was to make
it effective, safe, portable, using less power and
economical to use. Activated carbon and ultraviolet
radiation technologies were selected for their
simple and reliable nature which offered good
potential for the final design of the system to m eet
each of the development criteria. The final
prototype was not redefined though the technology
used was reliable and efficient but couldn’t be used
for a mass production. [2]
Use of activated carbon in filter media
The present invention containing microporous a nd
mesoporous activated carbon particles. M at erials
such as activated carbon powder, activated carbo n
granules, activated carbon fibers, carbon
nanotubes, single air multi wall carbon nanotu bes,
activated alumina, magnesia, activated silica,
hydrotalcites, metal organic framework materials,
glass particles, synthetic polymer nanofibers,
natural polymer nanofibers, polyet hylen e f ib ers,
polypropylene fibers, sand, clay can also b e u sed .
Talking about the water filter containing mixture of
microporous a nd mesoporous carbon particles t he
filter material is formed from about 25% t o a bou t

75% by weight of a plurality of microporous
activated carbon particles and from abou t 2 5 % t o
about 75% by weight of a plurality of mesop orous
activated carbon filter particles. In o ne ex pect o f
present invention the microporous activated carbon
filter particles, the mesoporous act ivated carb on
filter particles, or both are coated at least part ially
or entirely with cationic polymer. And in a n ot her
aspect of the present invention at least a portio n o f
microporous activated carbon filter p art icles, t h e
mesoporous activated carbon filter particles or both
are coated with silver or a silver containing
material. [3]
Activated carbon is cheap and available and can b e
produced from agricultural waste materials egg,
rice husk, palm shells, sawdust, tropical wood,
walnut shells, watermelon, tobacco stems, bin
husk, hazelnut shell, banana peels, co conu t sh ell.
Also, so even nonagricultural products lik e wa st e
automobile tires were found as ch eap so urces o f
activated carbon. The active carbons fine and
porous structure and an extremely large particle
surface area results in making it possessed
powerful adsorptive properties. Generation of
activated carbon for classified into four men
process is which are pyrolysis process, physical
and chemical activation process, and carbonizatio n
and steam for thermal activation. [4]
The use of biochar also can be consid ered in t h is
part. Biochar is rich in carbon processed by heating
biomass in absence of oxygen. The prod uct io n o f
charcoal and biochar is similar yes biochar is mo re
potent. The biochar for this filter wa s m ade f rom
waste wood pellets as feedstock by gasification
process at 520°C. biochar sieve between 4 .7 5 m m
to 2mm and washed to remove fine particle trapped
in the required sized particle which increase TDS.
According to another research a 7 cm column
shaped filter was taken, in which biochar la y er o f
22.9 cm was placed between 2 layers of pea gravel
of 7.6 cm. The filter was successful in removing
TSS by an average of 86% , nitrate and phosphate
by 86% and 47%, Heavy metals such as cadmiu m,
chromium, copper, lead, nickel, and zinc
concentrations were decreased by 18 , 1 9 , 6 5, 7 5 ,
17, and 24% respectively, 68% reduction in the
total PAHs, Phenanthrene was removed 100%,
naphthalene by 76%. E coli was removed from
MPN of 7,400 to 5,000 per 100 ml that is 27%
removal. [5]
This paper IEA reports a study of LifeSt raw. Th e
LifeStraw has the advantage of being inex pensiv e
and easily portable which can be used like a wa ter
filter housed in a tube that is designed to be carried
around the neck. Water is suck through the filter
just like a straw when the person wants a drink.
While passing through the straw water is filtered
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and iodinated. The life Store has been shown to
remove about 6 log of bacteria and 1.8 to 2 logs o f
viruses. The LifeStraw cannot however be relied on
to remove protozoa such as Giardia. Th e p ro duct
has a useful life of 700 liters. After the
investigation it was noticed that the d iarrhea t est
which was taken, was found to be negative. In
conclusion we have reported one of the trials of the
use of LifeStraw that the diarrhea rates fell after it s
introduction when compared with hospital
attendances with diarrhea. Thus, the LifeStraw h as
made the task easier for the people who work away
from home all day and need to drink from su rface
water sources. [6]
The water need of a single person is take as 20
liters per day. In this paper materials used were
layers of 5.9% granite stone, 29.4% silica sand,
35.3% compacted charcoal, and 29.4% silica sa nd
layered from the base to upper surface. The
domestic water filter consists of two tanks: the ra w
water tank and the filtration tank. B o t h a re made
from galvanized steel sheet. The size of sand in th e
filter was found out by sieve analysis. The
uniformity coefficient (UC) = (Size of aperture
through which sand pass)/ (Size of aperture through
which sand pass). [UC= D60 / D10]. The
Uniformity Coefficient (UC) of the sand used was
found to be 1.46.A domestic water filter was
designed, constructed with locally sourced
materials and performance assessment was carried
out. [7]
In this research paper they have d iscussed ab out
identifying the smallest size of bacteria p resent in
water and processing the filtration treatment
accordingly. They have mentioned the types of
bacteria and the disease caused by same. It is
important to identify the waterborne pathogens f o r
facilitating the process of filtration. They have
mentioned about various method used b y v ario us
nations exposed to floods-like electrolysis, MSWT
(Mobile surface water treatment) technology u sed
microfiltration, ultrafiltration etc. Based on the
above treatment they have the potential to kill
microorganisms also waterborne pathogens
because it is capable of removing the smallest
bacteria. [8]
In this paper, they have introduced the human
power for energy supply. The maximum power
output for a fit and healthy adult is about 900 watts
but this can only be sustained for a few second. The
continuous power output of 60 W p edalin g a t 5 0
revolution per minute for a long duration is
reasonable. Ideal output for many activities such as
water pumping. A healthy human can easily
generate upto75 W of mechanical power and
athletic person can give double to this value.
Human powered vehicle association scientific

symposium shows maximum durat ion o f h u man
effort for various steady power levels. Healthy
human can produce a steady 0 .1 h o rsepower f or
745 W at for a full 8 hour period. This system was
using the train generate by pedaling system human
power source at 90 RPM the wat er p u mp can b e
pumped with the the sprocket ratio 6:1 at maximum
speed 1080 RPM. Activated carbon layer to
remove chlorine and some other chemical
contaminant, 0.35 micron Ultra filter is pla ced with
activated carbon to remove fine particles and so me
bacteria and Reverse osmosis membrane is also
used to removes fine particles 0.0005 microns were
selected. To increase portability this filter is m a de
foldable and stored into a backpack for easy
transportation. [9]
This research uses rapid sand technology for
filteration.
An opened water can is used inverted filled with
filter media. Buckets like structure were used to
pour water and as a collection vessel Before adding
water to the filter media coagulant (moringa
oleifera seeds at dosage od 15mg/l) is added to
water and kept still for 60 mins. After coagu latio n
the water filtered. The filter media consist of 3 sand
layers separated by mesh to avoid mixing of layers.
The sand layers are of 1.18 mm- 600 micron s, 1 .4
mm- 1.18 mm, and 1.4 mm- 2 mm. this in
particular reduces alkalinity by 11.49%, PH by
8.95%, hardness by 23.06%, turbidity by 96.142%,
chlorine by 19.57 %. In this xylem used for
disinfection was replaced by wood charcoal wh ich
resulted increase in efficiency. This filters water a t
rate of 5 l/hr and approx. cost of this model wo u ld
be 500 INR. [10]
Two types of portable water filter were checked for
their effectiveness in eliminating potentially
pathogenic Giardia cysts using a testin g s ch edu le
which depicted field conditions. Waterborne
giardiasis is an endemic and sometimes epid emic
disease which occurs worldwide. The portable
filtration devices evaluated in this study emplo y a
silver-impregnated ceramic filter element of
submicron porosity. The smaller, hand-held unit is
capable of filtering up to 0.75 litres of water per
minute. The larger device yields up to 8 litres per
minute. Both units are manually operated. In
protozoans test, four litres of challenge suspensio n
were prepared daily using Giardia, Tet rahymena
and Paramecium. These protozoans were
aseptically added to untreated Huron River water to
contain an approximate final-concentration of
50,000 - 100,000 of each organism per litre.
Volumes of 500 ml and one litre of the test
challenge suspension were passed through each o f
the smaller and larger filtration devices, p o rtable
water filtration units. No difficulties were
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encountered during the testing schedule in filterin g
the dense test challenge suspensions through the
portable filtration devices. Both the larger a n d t h e
smaller units were very efficient in retaining the
Giardia cysts and other challenge protozoans. [11]
In order to immobilize pollutants in stormwater
such as heavy metals that are dissolved Osborne t o
small particles different filter substrates can be
constructed to filtrate storm water. this paper
describes an experiment where storm water from a
section of Highway and surrounding roads has been
filtered through experimental columns f illed wit h
specially selected natural filter materials.
ThereThere are several factors that affect these
processes such as mineral composition of the filt er
substrates, hydraulic conductivity, porosity and th e
pH of the storm water. Two columns failed with
selected natural materials like calcium silicate rock,
zeolite and pine bark. Several researchers have
tested iron oxide coated sand as a sorbent for
removing dissolved metals and for filtration of
particulate metals. designing storm water filt ers is
difficult since they have to opera te occasionally
rather than regularly. All the materials used ab ove
show the high level of metal reduction. The
average reduction of Cu was around 80% and of Zn
between 63 to 79%. [12]
Here three types of portable filter a re sh o wn a nd
tested.
1. Prototype filter (16 L)
2. Candle filter (12 L)
3. Pure-it filter (7 L)
In prototype the filter media consists layers of
•
•
•
•
•
•

Non-woven geotextile(polypropylene)
Separation plate (0.55 cm)
Geotextile (0.1 cm)
Fine sand
Geotextile (0.1 cm)
Separation plate

The candle filter consists of 2 candle ceramic
material of 4.2 cm X 13 cm as filter media. The
pure-it filter germkill processor, micro fibre filter
mesh, activated carbon trap, polisher. All o f t h ese
work on gravity based filteration technonlogy. Th e
cleaning of this filters is very easy and o nly f ilt er
media needs to be replaced. Candle filter and pure it filter need to be change every week whereas
prototype filter needs to be 3 months. the efficiency
of prototype filter in removing turbidity, EC, TSS,
fluoride, and chloride is 82.52, 83.06, 88.40, 45.75,
and 43.66%, respectively. Where as the efficiency
of candle filter and pure-it filter in removing
turbidity, EC, TSS, fluoride, and chloride is 85.6 0 ,
74.20, 92.58, 30.04, 24.72%, and 93.68, 86.37,

92.90, 52.29, 37.49%, respectively. Also with
being effecfficient they are cost effective . the co st
of prototype filter is appox. 1000 INR in which th e
filter unit costs only 50 INR and candle f ilt er a nd
pure-it filter costs approx. 1500 INR and 2000 INR
and their filter unit cost about 200 INR and 400
INR [13].
Dynamic membrane has attractive features
compared to the standard membrane t echnolo gy .
it's been increasingly utilized in the wastewater
treatment process in recent years. Usually the
dynamic membrane is made by exposing a
mounted porous body to an answer containing fin e
particles by an easy filtration process. Inexpensiv e
materials, high filtration flux, better filtration
performance and straightforward format io n f rom
various substances are very attractiv e f eat ures o f
dynamic membrane. Coagulation is a good
pretreatment because it helps to get rid of the tiniest
particles. Does a mixture of coagulation and
dynamic member and has been proposed. Turbidity
within the effluent decreased dramatically o v er is
running cycle. This work investigated the
performance and filtration process at a relen tless
rate of flow which was formed by flocks red uced
by river water pollutants reacting with poly
chloride with a non woven fabric filter at the
support media. The results showed that the
combined process is effective in treatin g p o llu t ed
river water. [14]
The G-filter that Khan has prepared is a homemade
remedy that promises clean, safe,economical
drinking water to the Indian rural areas. All t h in gs
considered, it would seem like some other t y pical
vase, a wheatish earthy colored f rust um t hat f it s
inside another container. The G-channel can deliver
up to a liter of unadulterated water each hour that is
then gathered through a tap connected to the
external vessel.The research team helped t h em in
gathering suitable raw materials, fine-tuning
specific processing parameters, and in co n clu siv e
item testing. The products are formed utilizing a
privately made embellishment press.The potter
could sell their products in the nearby market, th us
avoiding transport expense. the G-filter is differen t
from other ceramic filters is that it is made in o p en
earth kilns within potter households from raw
materials that are locally available. Th is co n tain s
sawdust or wood particles that can be available
from carpenter’s shop, oxidizing matter from b ajri
[saltpeter], salty clays and marble du st. Th e sa lts
decreased the temperature at which the filter
needed to be baked, reduced the fuel bill. The burnt
calcium carbonates helped in killing harmful
bacterias such as E. Coli, and was found to be
effective to a lesser extent in removing heavy
metals such as arsenic. The water after f ilt erat ion
had negligible amount of bacteria a nd p at hogens
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and was the preffered option for most villages . The
pores of the filter were between 10 nanometers and
1 micrometer. These pores were too small f o r t h e
microbes to get through. Interestingly, without t h e
marble dust, the E. coli filtration rate was found t o
be 99.99%. With marble dust , it increa sed to
99.999%. At this rate, the bacterias are virtually
untraceable. Not only did the overall health
improve but also the economy. [15]
Another research shows use of natural extracts lik e
moringa oleifera(drumsticks), arachis hypogaea
(peanuts), vigna unguiculata (cowpea), vigna
mungo(urad) and zea mays(corn). By micropipett e
a R2A agar media is prepared after which 1 m l o f
sample water is taken and heated to 45 C and t h en
agar media is mixed with it by rotating in clock and
anticlockwise direction. This meadia then solidifies
and is incubated for 5 days at 35 C. Meanwhile
leaves and seeds of Moringa Oleifera(Drumsticks),
Arachis Hypogaea (Peanuts), Vigna Un gu iculata
(Cowpea), Vigna Mungo(Urad) And Zea
Mays(Corn) are collected, dried and fine powdered.
Drumsticks, peanuts,cowpea, urad and corn are
taken in concentration of 0.01 %,0.1 %,0 .2% a nd
0.3% in 100 ml water sample and evaluation is
done by Pour plate method and membrane
filteration method on agar media plate. Af t er t h is
TBC was reduced by 90% and heavy metals by
95%. [16]
The convenient water channel configuration
comprises three sections; the channel medium, t h e
housing and the heater. Subsequently, the target o f
this work is to build up an individual, versatile
double purposes convenient water channel to give a
simpler method to get sheltered, perfect and so lid
drinking water for humans any place t hey go .Th e
cylindrical hollow filter comprised of five layers of
filter
pads
:
activated
carbon,silica
sand,zeolite,bioball and mineral sand. Several test s
and analysis was conducted ;tests are Chemical
Oxygen Demand Test,E-coli test,Turbidity test and
iron test. The design of this double purpose
portable filter provides feasibility of utilizin g t h is
technology and on design, construction and
operations to achieve desired production and
performance. [17]
This paper was submitted by Ohio University
mechanical engineering senior design team Bio
Filtration Technology who designed a water
purification system for the village of Konalai in
India. They used a combined technology of
sediment filteration and UV light which filtered
and sterilized the contaminated well wa t er wh ich
was being pumped to the village reservoir. An
ultraviolet light system with pre filtration was
selected for development after trying o u t v ario us
methodologies. The design goals was having a p re

packaged stand alone system that would be
compact and shippable shaping the development of
the prototype. The design consisted of two high
flow reusable polyester filters in series with 50
micron followed by 20 micron. The filtered wat er
entered an ultraviolet sterilization chamber with a n
electronic controller. On-site installation of the
purification system was made easy by the use o f a
color coding plan and pre assembled component s.
The designed purification system pro vid ed a lo w
cost long term solution that was easily main tain ed
by the village residents. The framework d esign ed
required a weekly inspection and a yearly
replacement of components which was quiet
feasible. [18]
To keep low turbidity of the filter, Chakwal Wa t er
Treatment Plant (CWTP) are using heav y d o se o f
alum. Specific objectives of this research were t o
check the present treatment process, determine t h e
optimum coagulant dose using common
coagulants, design and operate a pilot-scale upflow roughing filter (UFRF) to work out its
effectiveness against turbidity against plain and
coagulated inflows. Thorough assessmen t o f t he
physicochemical characteristics of t h e p revailin g
influent and effluent at the CWTP using the
equipment. Testing coa gulants like aluminum
sulfate and ferric chloride before finalizing the
coagulant dose and therefore the treatment t rain .
Knowing the potential of the multistage and
multilayer UFRF for removing turbidity during wet
and dry weather at rates of 30, 34, a nd 3 8 L/ min .
variety of water samples from the CWTP were
collected at various locations and analyzed f o r t h e
physical and chemical parameters. Keeping in sight
the limited turbidity removal by plain filtration, in line coagulation was performed using alum and
FeCl3 as coagulants. Raw water turbidity varies
with times and is extremely inconsistent. When
weather is dry, it differs from 30 to 300 NTU,in
wet weather , it differs over 2000 NTU. Raw water
pH varies between 8 and 9 and therefore the treated
water pH remains within 7.8-8.5. All flow rates
tested during this research reduced 45–55%
turbidity from the raw water. [19]
In this paper a minimized water filtration structu re
has been arranged and made as a capst one d esign
adventure. This structure consolidated a
diminished, lightweight water siphon that
channeled contaminations to improve drinking
water quality. The water adheres to a carbon
segment procedure, a splendid light a n d a v acant
film tube channel. This system can be used in
countries where suitable drinking water is
insufficient. The majority of the segments were
structured and created utilizing a 3D printer
innovation with ABS plastic materials. The
filtration framework tried utilizing ecological
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assurance organization rules for drinking water
quality. The required gadget was custom fitted to a
more serious market of climbing and outdoors.
Toward the start of the idea stage, when the size o f
the jug was determined, the theory was that the
required size of the siphon would be around five
liters for each moment. They analyzed th e h ollo w
membrane filter and carbon element filt er, wh o se
respective rated head losses were much greater than
previously estimated, they found out they needed a
much larger pump. The subsequent st ru ct ure wa s
along these lines not exactly indistinguishable from
the first plan submitted before prototyping,
nonetheless, was as close as could reasonably b e
expected while as yet staying practical. [20]

[7]

[8]

[9]

III. THE FINAL RESULT IS EXPECTED TO
BE :
1) AFFORDABLE.
2) EFFICIENT.
3) POTABLE.
4) LOW MAINTENANCE.
5) DURABLE.
6) USER FRIENDLY.
7) 100% PURE DRINKABLE WATER.

[10]

[11]
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ABSTRACT: In farms, water conservation has become a big
challenge for our farmers in urban as well as in rura l
areas. Due to lack of knowledge and awareness this
problem is rising day-by-day. So, to solve this
problem, there are many methods by which this
problem can be overcome. One of those methods is
Drip Irrigation. This method is more feasible because
it saves more water as compared to other methods. In
this method, various pipes are connected to a main
source of water outlet which helps to regularize the
flow of water in proper manner. One of the important
factors for the production of crops is the level soil
moisture content. Tensiometer is a measuring
instrument in soil science used to determine the
moisture content in soil. The Tensiometer consists of a
fine-grained porous ceramic cup connected to a sealed
pipe that is filled with water.
Keywords: - Drip Irrigation, Tensiometer, Soil
Moisture Content.
I. INTRODUCTION.
Water scarcity, energy shortage and environmental
degradation are the biggest crisis faced by the World.
Water and energy are the key drivers of Agriculture,
Industrial and domestic sectors. The continuous increase
in population, the increasing water and energy demand by
all the sectors have caused great stress on the World
water and energy resources.
So, to stop the wastage of water we are using drip
irrigation. Drip irrigation can help you use water
efficiently. A well-designed drip irrigation system loses
practically no water to runoff, deep percolation, or
evaporation. Drip irrigation reduces water co ntact wit h
crop, leaves and fruits.
Irrigation scheduling can be managed precisely t o m eet
crop demands, holding the promise of increased yield and
quality. In traditional watering methods there is an
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extreme fluctuation in the water content, temperature, and
aeration of the soil, resulting in plant stress. Drip watering
keeps the moisture content of soil relatively constant and
ensures that oxygen remains available to the root system.
II. LITERATURE REVIEW.
Sirimewan. D.C., Manjula. N.H.C (dec-2018)- The
increasing demand of water has become a worldwide
issue. Therefore sustainable water management has
become a major problem in this 21st century. I rriga t ion
systems consumes 60-70% of water around the world. So
to control the wastage of water integrated water resou rce
management (IWM) technique is used.IWM consists of 4
main categories i.e. efficiency of system, equity of wat er
distribution, economic acceptability and en viro nmental
integrity. The major issue that affected the efficiency o f
irrigation system are water losses in conveyance chann el
and field applications. Water logging, salinization and
ground water depletion are the major issue caused by
poor IWM practices.SWM evaluation models are used in
taking decisions of issues of 3 dimensional sustainabilit y
from local to worldwide level and for short and long term.
[1]
Rajbirsingh, Dec 2009: Drip irrigation has proved its
superiority over other conventional method of irrigat io n ,
especially in the cultivation of fruits and vegetables d u e
to precise and direct application of water in root zone.
The use of black polyethylene mulch in vegetable
production has been reported to control the weed
incidence, reduces nutrient losses and improves the
hydrothermal regimes of soil. As tomato is the most
important vegetable crop, such information is required for
developing new strategies for intensive production of
vegetables. The present study indicated that drip
irrigation at 80% Evapo-transpiration (ET) with
polyethylene mulch resulted in significantly highest yield,
water use efficiency and maximum benefit:co st ra tio in
tomato. The drip system besides giving a saving o f 3 9%
water resulted in 55% higher fruit yield of tomato as
compared to surface irrigation. Hence drip irrigation
system is a very effective and efficient method of

irrigation for raising tomato crop especially on light
texture sandy loam soil. [2]
N.Gopalakrishnan, 2011: India has the largest irrigation
network in the world yet the irrigation efficiency is not
been more than 40 per cent. In absence of new irriga t io n
projects, bringing more area under irrigation would
mostly rely on the efficient use of water. In this co n text,
micro irrigation could play a key role in higher
productivity and increased water use efficien cy (WUE)
besides fulfilling sustainability mandates with econ omy
in use and higher crop productivity. Adoption of this
might help in raising the irrigated area, productivity of
crops and WUE. Cotton, being the most important
commercial crop of India contributes to arou nd 6 0 % o f
the raw material to the textile industry and provides
employment to nearly 60 million peoples with
productivity of 494 kg/ha. Adoption of drip sy stem p er
hectare land of cotton is estimated at Rs 65,000 to Rs 7 5 ,
000 and the initial investment is high. Hence, two low
cost drip systems of microtube drip (39.4%) and polytube based drip (57.8% ) were developed through
rigorous testing procedures for optimum efficiency. [3]
Allen, R. J., Jr. (1974) Drip irrigation is the frequent,
slow application of water to soil which, in turn,
minimizes percolation losses. The Evapotranspiration
(ET) from drip irrigation is significantly higher than from
subirrigation. Crop yield from drip irrigation is
significantly higher than from subirrigation. Drip
irrigation maintains a soil moisture condition th at k eeps
most of the soil well aerated as a result, a better root
system can be developed. [4]
Belder, P. D. Rohrbach (2007) A suitable alternative t o
manual irrigation for the smallholder farmer is drip
irrigation, which has several benefitscompared with
manual irrigation. First, drip irrigation wets a small
fraction of the soil surface, thereby saving water thro ugh
a reduction in soil evaporation. Second, fertilizer ca n b e
applied efficiently through fertigation, whereby
thefertilizer is mixed into the irrigation water to trickle
down to the roots. Other benefits of drip irriga tion include
labour saving; minimal leaching of nitrates and other
pollutants; reduced pumping costs and en ergy savin gs;
and potential diversification into higher-value crops. [5]
Akhram Muhammad,jin,hi (2017):- Currently, solar
cells, solar power plants and solar collectors are some o f
the practical applications that can be used for drip
irrigation. Photovoltaic (PV) devices use semiconductin g
materials to convert sunlight directly into electricit y . So
instead of using diesel systems in drip irrigatio n we ca n
replace it by solar system. As solar systems can minimise
the wastage of energy as compared to diesel systems. [6]
Talat Farid Ahmed (Aug 2017):- For agricultural
purpose in the areas where there is less rainfall water
conservation has became a major challenge. Surface a nd
subsurface drip irrigation Method can play a vital ro le t o
overcome this problem. Subsurface irrigation saves water
and improves yields by eliminating surface water
evaporation and reducing the incidence of weeds and
disease. It is a low-pressure, high efficiency irrigation
system that uses buried drip tubes or d rip t a pe t o m eet
crop water needs. It also provides a viable choice fo r t h e
production of vegetable crops under scarce condition.

III. CONCLUSION.
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As water is a basic necessity for the growth of cro ps, so
with this efficient method of water conservatio n we ca n
save a lot of water. Also it has been noticed that the yield
of crops increases by 40% by the regular and co nsist en t
water supply in a proper manner as per the requirem ent s
of crops. [7]
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Abstract— Labour productivity plays an vital role in
construction industry for increasing the benefits to
stakeholders and contractors and its still the most
challenging issue inconstruction industry. The
productivity of labour is particularly important in
developing countries where most of the building
construction is based on manul basis. Greater efficiency
of labours helps to achieve high cost saving with
minimal investment. Therefore the main objective of
this study is assigning weight of importance to ea ch o f
the factor affecting labour productivity
Keywords- labour productivity, labour efficiency, fa ct or
affecting productivity
I. INTRODUCTION
Labor Productivity is measure of total output per worker o r
total Efficient productivity of labour in construction
industry. It can play a vital role in increasing the benefits to
the stakeholders and contactors output per labor-hour.
There are endless definitions for productivity a nd t h ey all
refer to productivity as a comparison of input versus output.
The construction industry provides employment to average
of more than 40 million people a year. A successful
construction project is one that is completed within b ud get
and on time, meets specified standards of quality and
strictly conforms to safety policies and precautions.
Construction industry fasces lots of challenge with regard to
problems associated with productivity. Productivity is o n e
of the important factors affecting overall p erf o rmance o f
any organization whether large or small and pro blems are
usually associated with performance of labour. Every
construction project is either directly or indirectly aff ected
by a wide range of factors. The loss of construction
productivity is usually attributed to various number of
factors, rather than a single one. Some factors, such as
material and tool availability, can be managed and
controlled. Other factors, such as the availability of sk illed
craft workers and extreme weather, are difficult to eliminate
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even though various methods are available to minimize
their impact.
Nevertheless, it is widely believed that the majority o f t h e
factors affecting construction productivity can be improved
through the efforts of jobsite management.
II. LITERATURE REVIEW
Gupta et al. (2018) revealed that productivity in
construction projects is adversely affected by unsatisfactory
site conditions and poor quality of workers’ welfare
measures. Since the uncertainties associated with the factors
related to site amenities and labor welfare are less compared
with those of other productivity factors, it is put f o rt h t hat
labor productivity can be significantly im pro ved if m o re
research is conducted in this direction. Any productivity
improvement research or effort must also consider the
health, safety, and well-being of the workers doing the work
to produce consistent and sustainable results and long-t erm
productivity gains. The study identified eight factors related
to site amenities and workers’ welfare measures that affect
labor productivity: (1) health and medical p ro v isio ns, (2 )
site services, (3) la bor camp facilities, (4) hygiene and
sanitation, (5) leave and benefits, (6) social welfare and
employment policies, (7) remuneration, and (8)
accommodations. The construction organizatio ns in I n dia
and elsewhere need to consider these factors to improve the
work and living environments of construction workers, a nd
thereby productivity in construction projects. The study
revealed that construction projects with better quality of site
amenities and workers’ welfare measures had higher
average monthly productivity rates.
Durdvev et al. (2018) the principal aim of this paper was to
examine the effects of management and control, workforce,
finance, material and equipment, project, and external latent
factors on labor productivity performance. A qu est ionaire
survey was designed by including the key construction
labor productivity

Kazaz et al. (2015) said that among all inputs, labour force
is the most difficult one to manage. In th eir st u dy, it wa s
aimed to compare labour productivity perspectives of
manager and craft workers. They concluded the most
influential factors that affect labor productivity were
grouped under organizational factors Chitra R. et al. (2018)
Objective of this is to identify and rank. Questionnaire
survey was conducted to collect the data. Productivity is the
most dominating factor in the construction industry.
Productivity is important in both developed and developing
countries. The objective of this study is to identify the main
factors affecting labour productivity in various construction
industries and assessing the impact of the most in f lu enced
factors using RII method and lastly, some recommendations
are made to minimize the factors affecting labour
productivity. The above objectives have been achieve
through the analysis of 25 questionnaires and the resu lt o f
the analysis shows that there are eight groups wh ich h av e
significant impact on the labour productivity they
Manpower, Managerial, Motivation, Environmental,
Schedule, Safety, Equipment, Quality group. The
theoretical model proposed eight independent groups
affecting the variation of Labour Productivity in the
construction projects namely Manpower group, Manageria l
group, Environmental group, Motivation group,
Material/Equipment, Schedule group, Safety group and
quality group. In construction projects, the contractors used
to think that labour productivity is the maximum to
complete project in short time. But at the same time d u e t o
speed execution of work, occurrence of error is high a n d if
that happens considerable amount of money and t ime will
be wasted to set right error. Decision making such as factors
affecting on labour productivity in construction pro ject s is
very important in the construction management. The
identification and assessment of project labour productivit y
are the critical procedures for projecting success. This study
determines the dominant labour productivity in construction
sectors. The results of the questionnaire survey shows t h at
accidents, project size and improper work planning amon g
site management people is the prominent reason for the
reduction in productivity.
Enshassi et al. (2007). The aim of this research was to
identify factors affecting labour productivity in building
projects, and to rank these according to their relative
importance from the contractor’s viewpoint within the
Palestinian construction industry. A total of 45 factors were
identified in this study, with identification of factors
influencing construction productivity being based on a
careful review of literature and suggestions from local
experts in building construction. The results indicated t hat
the main 10 factors negatively affecting labour productivity
are: 1. Materials shortages. 2. Lack of labour experiences.
3. Lack of labour surveillance. 4. Misunderstanding
between labour and superintendents. 5. Drawings and
specification alteration during execution. 6. Payment delay.
7. Labour disloyalty. 8. Inspection delay. 9. Working seven
days per week without holiday. 10. Tool equipment
shortages. Furthermore, 45 factors considered in th e st u dy
were divided into 10 groups, which were ranked accordin g
to their importance index: 1. Materials/tools factors gro u p .
2. Supervision factors group. 3. Leadership factors group. 4.
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Quality factors group. 5. Time factors group. 6. Manpo wer
factors group. 7. Project factors group. 8. External f a ct ors
group. 9. Motivation factors group. 10. Safety factors group

Thiyagu et al. (2015) proposed fifteen independent grou ps
affecting the labour productivity in the construction
projects. The topmost factors affected the labour
productivity are given Sanitation and hygiene of the
construction site and the temporary shed; Labour injuries on
site; Alcoholism; Working overtime; Shortage of
construction materials; Payment delays; Change orders
from the designers; Improper equipment; Po or q ualit y o f
construction materials.
Dharani et al. (2015) found that construction laborers a re
migratory in nature and therefore geographically searchin g
for employment. Thus their employers keep o n chan gin g
and it is impossible for both the parties to develop longterm relationships and loyalty to their employers. He fou nd
most of the construction labour is also engaged in some
other profession like farms, factory, domestic serv ant et c.
and hence they do not give full importance to construct io n
work and tend to work informally. Due to this labour
cultivates informality, and Informality lowers productiv it y
growth.
Alaghbari w. et al. (2017) aimed to identify and rank
factors affecting construction labour productivity in Yemen.
A survey questionnaire was structured an d d ist rib ut ed t o
architectural and structural engineers who were working o n
construction projects. The questionnaire included 52
predefined factors, which were categorized into four
primary groups: human/labour, management, technical a nd
technological, and external. The relative importance in d ex
(RII) was determined and the factors were ranked. Th e
results showed that the group of technical and technological
factors ranked first among the four groups. The top five
factors identified were the most significant in their effect on
construction labour productivity in Yemen: (1) labour’s
experience and skills, (2) availability of materials in site, (3)
leadership and efficiency in site management, (4)
availability of materials in the market, and (5) political a n d
security situation. This study managed to identify a total o f
52 factors affecting the construction labour productiv it y in
Yemen, which were categorized into four gro u p s t hat are
human/labour, management, technical and t echno logical,
and external factors.
III: METHODOLOGY
A survey will be distributed to 10 contractors in which they
are asked to assign a weight to each of the factors. The aim
is to identify and assign a weight to the top 12 factors
affecting labor productivity in the constru ct ion in d ustry .
Each factor will be taken through the literature review an d
clubbed them together depending on the potential problems
and their aspect affecting the efficiency of labour
productivity. The survey will be distributed to 20
contractors. The survey gives a brief description of each
factor and the contractor is asked to assign a weight to each
of the fa ctors based on his or her knowledge and past
experience in the construction industry. Follo win g t o t h is

survey the contractor will be asked to fill out a
questionnaire. This section of the survey includes questions
respective of age, gender and industry experience. I t a lso
includes question regarding to designation, years in the
industry, size of company, and average project size. Th ese
questions are multiple choices and fill in the blank. The
objective of these questions is to find out the views o f t he
surveyed individual with regards to their position within the
industry.
The total of the weights assigned to each of the f act ors o n
each survey should total 100 %. Any survey which does not
meet this requirement will not be used. In a ddit io n if a n y
survey that is not completely filled out will also be
discarded from the study.
IV. CONCLUSION
From above anayslis of litrature revivew it can be
concluded that[1] Productivity in construction projects is adversely
affected by unsatisfactory site conditions and poor q ualit y
of workers’ welfare measures
[2] Most influential factors that affect la bor p ro du ct ivit y
were grouped under organizational factors such as
environmental, site layout.
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Abstract-The
development
of
underground
infrastructures for the efficient management and
collection of urban waste streams offer great
advantages and solutions in tackling problems relating
to these activities. Nevertheless, in order for such
alternatives to gain acceptance and be further utilized,
besides their advantages in effectiveness and in
environmental friendliness, they must prove their
efficiency in terms of financial performance. The
paper analyses modern techniques available as the
underground automated vacuum waste collection
system (AVAC) and presents the financial and
environmental assessment of a proposed system in
replacement of an existing conventional waste
collection scheme.
Keywords: Underground automated vacuum waste
collection system Pneumatic waste collection method
Financial and environmental assessment E qui v alent
annual cost Municipal waste management.
I INTRODUCTION
The utilization of subsurface space is n o wa days a k ey
issue towards attaining an environmentally frien d ly a nd
sustainable development, especially in urban areas. Thus,
activities or infra- structures that are difficult, impossible,
environmentally undesirable or even less profitable to b e
installed above ground, can be relocated underground
releasing valuable surface spa ce for other uses and
enhancing urban living conditions. Undergro und sp ace
development has brought forth a whole new spectrum o f
possibilities for facilitating the needs of the modern urban
societies (ITA, 2012). Parriaux et al.(2006) p ro vid es a n
extended study describing the potential principal
resources of underground use (space, water, geo t h ermal
energy and geomaterials) that can be utilized for a
sustainable future urban form. Bobylev (2009), noted that
the sustainable development of urban areas b ecomes an
issue of global importance, explaining that the app roach
of first-come-first-served will not be beneficial for the
sustainability of the plan but instead a three-dimensio nal
design, a definition of the priority of services and the
functional correlation among the infrastructures should be
considered very carefully
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II. LITERATURE REVIEW
1. What is AWCS?
A. Smart and clean waste inlets The only user interactio n
with our system is at the waste inlet where the users leave
their waste. The units are typically placed co nvenient ly
within 30 meters from residential or office buildings in a
group, with separate inlets for each different kind of
waste. The users sort their waste at home and disp ose o f
them in the respective units.
We want to make sorting easy to encourage recycling and
thus, enable a circular economy for the future. Compared
to traditional waste rooms or bins, our inlets are
completely sealed, minimizing smells, mess and
unsanitary conditions as well as the risk for vermin.
B. Going underground
The waste inlets connect to an underground pipe network.
The emptying cycle is done at pre-programed times or
when the units are full. The waste is transported at 70kph
speed, using negative airflow that sucks the bags to a
remote collection station. Emptying takes o n ly m in ut es
per waste stream. Being underground mak es t h e En vac
system resilient against extreme weather events and wit h
smart automation, it is reliable even in times o f so ciet al
pressure. The collection station can be located as far away
as 2 km from the central urban area, reducing the im pact
of heavy traffic, such as noise, air pollution, a nd t ra ffic
jams.
C. Next stop: the collection station
All the waste streams are transported in one sin gle p ip e
network. Each waste stream is emptied separat ely a nd
directed into the corresponding waste container at the
collection station. The air used for transportation is
cleaned through an industrial filter before it is relea sed
from the building.
Once a container is full, a standard collection vehicle
takes the container away for processing of the waste. This
single collection reduces waste-related heavy traffic, a nd
its carbon emissions, by up to 90 per cen t co mpared t o
traditional, multiple collections – making t h e Sy st em a
key component of change for reaching the United
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Nation’s Sustainable Development Goals and creatin g a
greener planet
2. Urban/municipal waste
Waste management is one of the major issu es o f u rban
engineering. Today, the total amount of waste gen erat ed
annually worldwide (municipal, industrial, hazardous) is
more than 4 billion tons (Veolia, 2009). Almo st 4 5% o f
these are considered as municipal solid Waste
management in India falls under the purview of the Union
Ministry of Environment, Forests and C limat e C han ge
(MoEF&CC). In 2016, this ministry released the Solid
Wastage Management (SWM) Rules, these rules replaced
the Municipal Solid Waste (Management and Hand lin g)
Rules, 2000 which had been in place for 1 6 y ears. Th is
national policy is notable in that it has acknowledged and
included the informal sector (waste pickers) into the
waste management process for the first time. India relies
on large scale landfills and the informal sector to help
address its growing waste management challenges Urban
India (about 377 million people) generates 62 million
tonnes of municipal solid waste (MSW) each year. Of this
about 43 million tonnes (70%) is collected and 11.9
million tonnes (20%) is treated. About 31 million to nn es
(50%) is dumped in landfill sites.
With changing consumption patterns and rapid economic
growth, it is estimated that urban municipal so lid wa st e
generation will increase to 165 million tonnes in 2030
The proposed automated collection system is designed t o
facilitate the collection of the first two streams (nonrecyclables and recyclables), leaving out the bulky it ems
(cardboard, etc.) collected in the commercial area, which
are going to be handled using the existing scheme. Th u s,
its capacity is designed to be around 16 tn of wa ste o n a
daily basis, or approximately 5840 tn of waste per annum.
3. Underground waste collection systems
The underground waste collection systems can be
separated in two main categories; the stand-alone
collection points (underground, semi-underground
collection bins) and the automated v acuum co llectio n
systems (AVAC or automated waste collection systems –
AWCS) or pneumatic stationery collection system.
Regarding the first category, underground containers a re
placed in shaft-like excavations, having only their in let s
in the surface environment. Thus, this particular sy st em
replaces above ground collection points offering
increased storage capacity, compaction of waste and
superior hygienic performance especially in summer time.
Furthermore, using this scheme visual pollution issues are
reduced, while on the same time, the waste collection
points can be more easily integrated in the urban
environment. Nevertheless, such underground systems are
still relying on the typical collection process using
specially adapted trucks. In order to provide a more
efficient and vertically integrated service, sy stems t hat
encompass both the collection and the t ransport o f t h e
waste have been introduced specially focusing on
municipal waste streams. Such systems consist of a f ully
enclosed vacuum pipe network where the collection cycle
starts when the waste is disposed through inlets to special
underground containers, which have a capacity up to 500
These containers are emptied on a regular b asis, eit h er

automatically or at specified intervals. When emptied, the
refuse bags drop to the main pipe network and their
automated transport is taking place by vacuum su ct ion
through an underground pipe infrastruct ure, t o ward s a
central station. In there, the waste is separated, compacted
and stored according to their type (waste stream). The air
is conveyed to a filtering circuit and purified befo re it is
released back to the atmosphere. The waste is then carried
away using conventional methods (trucks) for further
treatment, recycling, incineration or landfilling. The
method could be defined as a pneumatic sewer system, in
which the refuse is collected and transported
automatically.
4. Cost estimation of the waste collection systems
The cost estimation of the proposed AVAC system, along
with the cost attained from the existing conventional
waste management system in the Maroussi area is
presented in this section. The direct comparison of t h ese
alternatives can assist in identifying the AVAC syst em’s
potential as a possible replacement of the currently
operated method in terms of financial efficiency.

5. Environmental comparison
The benefits of the AVAC collection in terms of the
environ- mental aspects of city living are given
previously. Nevertheless, besides the improvement of the
conditions of living and the aesthetics of the city there are
some further issues that need to be pointed out. These are
linked with the city’s environmental conditions in t erms
of pollutant emissions due to the traffic load generated by
the transport trucks. Apart from the reduction in noise and
the traffic congestion effects, there will be a considerable
upgrade in the city’s air quality.
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III. CONCLUSIONS
The development of new approaches for the management
of municipal waste is becoming a mandatory requirement
for modern cities. In this context, new schemes both
taking advantage of new technological developments and
the utilization of the subsurface space can be proved most
beneficial in tackling the drawbacks of traditional wa st e
management and collection systems. The development of
fixed underground infrastructure for the automated waste
collection can provide an attractive alternative to
conventional vehicle operated waste collection, as it
offers advantages in terms of improved system
availability and recycling ratios, reduced traffic -relat ed
problems, air-emissions and can improve the city’s
overall safety and hygienic levels.
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ABSTRACT-Green building designing technique is
one of the most trending topics all over the world
which is put forward to reduce the crucial effects of
the construction sector on our surroundings,
environment society, health of the people and
economy. The world or the globe is under an urgent
need of feasible and a smart building construction o r
development in construction activitiesfor the problem
of pollution, deforestation, global warming and ma ny
other health hazards which are rapidly increasing a l l
over the world. Dynamic climatic changes very
noticeable and being experienced all over the world
due to increase in the Greenhouse Gases. The
developed countries like United States of America,
Australia, United Kingdom, they have already
initiated strict measures to achieve a sustainable
development and also set proper rules and regulations
made by their respective governments to support a nd
achieve a sustainable and an eco-friendly development
of their respective country. However, the dev el oping
or underdeveloped countries like India, China,
Srilanka, Pakistan, etc., which are far behind in
achieving a sustainable development and eco-friendly
constructions. Also, there is lack of awareness into the
minds of the people about this enormous issues in
these developing countries. This paper presents the
need of sustainable development as well as ecofriendly construction processes all over the globe
especially in the developing countries li ke Indi a a nd
China which have a huge land mass and also
developing rapidly and every direction possible.

amounts of energy to produce and p rodu ce p oiso no us
gases in the process. But the use of wood or fiber p anels
that are produced in an environment-friendly way and can
be reused is eco-friendly. If required, buildings built
using these materials can be demolished with little t o n o
impact on the ecology.Sustainable development en sures
that what we are doing now is superior for us but sh o uld
also help our future generations and an continuous cy cle
should exist.Better use of natural resources will help o u r
future generations.

Keywords- green building, sustainable, greenhouse
gases

Shubhra Gupta (2000)

I. INTRODUCTION
Green buildings are structures having constructive impact
on our environment. These buildings are eco-friendly and
contain harmless materials. Materials used in Green
buildings are obtained from natural, renewable resources
that have been managed and harvested in a su stain able
way. Sustainable development is to make the world a
healthier place for everybody without destroying the
potential for the next generation. Sust ainabilit y o f a ny
process can be easily assessed by answering a simple
question: Can you keep doing this again and again,
forever? The classic construction process requires
materials that can only be used once, are not degradab le
once demolished and usually have off-putting impacts o n
the environment. Cement, for example, requires vast

Green buildings are one of the examples o f su stainable
development. In the construction of the green b u ild in g,
we preserve a fragile balance between environmental,
community and monetary issues.Green build in gs allo w
for improved public structures by facilitating a strong
environment for people. Such structures often include
areas having plants that uplifts the spirits of inhabit ants.
They are designed to allow maximum co nsumpt io n o f
natural light and wind which also have a optimistic
impact on human health.Economically, green b u ild in gs
have a higher early cost as compared to distinctive
structures but have a higher reclaim value, i.e. p a rt s o f
green building can be reused .hence offsetting their higher
costs in the long term.Green buildings are design ed a nd
constructed in an eco-conscious way. Wastage is
minimized and detrimental chemicals are limited.
Surroundings are conserved and confined. Efforts are also
made to get better the surrounding landscapes
II. Authors And Affiliations

In this paper we understand being one of the biggest
consumers of energy and also one of the largest producers
of greenhouse gases, buildings are a topic of d iscu ssio n
on an international forum. Buildings generate 35 percent
of carbon dioxide (a primary greenhouse gas related wit h
climate change), 49 percent of sulphur d io x ide, a nd 2 5
percent of nitrogen oxide found in the air, a ccordin g t o
the statistics of National Institute of Build in g Scien ces
(USA). This highlights an immediate requirement to
implement sustainability in every new construction,
which shall help us create a sustainable environment an d
a healthy ecosystem. Green buildings follow the principle
of optimum usage of water, energy and n o n-renewable
natural resources; generate less waste and provide
healthier spaces for residents. It is the practice th at a ims
at creating structures and using processes that are
environmentally responsible and resource-efficient
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throughout a building's life-cycle from sitting to d esign ,
construction, operation, maintenan ce, ren ovatio n a nd
deconstruction. This practice aids in expansion of the
classical building design concerns of economic
feasibility, utility, durability, and comfort. The
fundamental point of this paper is green design as a
fundamental revolution of con temp orary a rch it ecture
which is being practiced in India. It aims to look at some
environmental and physical design approaches for green
buildings in India. Thereby, the paper presents an analysis
of ideology of green architecture, theories and viewpoints
outlined in the field and also the analysis o f su ccessful
cases of environment friendly buildings in India.
Amos Darko, Albert P. C. Chan (2018)
Growing concerns about the detrimental ef fect s o f t h e
construction industry on the natural environment and
human health have increased the popularity of green
building (GB) globally. That is, GB has emerged as a
promising way of making the activities and operations o f
the construction industry sustainable to the enviro nment
and human health. Over the past few years, studies on the
benefits of GB have been conducted and published.
However, little scholarly attention has been p aid t o t h e
need to review the existing literature on t he b enefit s o f
GB adoption. This paper contributes to a ddressing t h is
research gap by providing a systematic review of selected
academic papers published in construction management
(CM) journals from 2000 to 2014 (years inclusive).
Results showed that reduced lifecycle costs, energy
saving, enhanced occupants' health and comfort,
improved overall productivity, and environmental
protection are the most reported benefits in the literature.
The outcomes of this paper would broaden the
understanding of stakeholders on GB benefits and
encourage them to adopt GB. The checklist of GB
benefits also makes this paper useful for researchers t o
conduct future studies in this area.
Dr.Tahereh Khodadadzadeh (2015)
In this particular report we understand building sect or is
considered as the biggest source of greenhouse gas
emissions around the world. Being green, or sustainable,
is one of primary issues coming from internal/ ext ernal
driv-ers for construction and engineering firms. The green
building practice extends and supplement the trad itio nal
building design perspectives including economy, ut ilit y ,
durability, and comfort. This paper presents a rev iew o n
recent advances dedicated on different state-of-art articles
in the area of green building. The paper raises serious
concern to take the necessary actions for green b uild in g
development.
Syed Maqbool Geelani (2012)
In this paper we get to know that building materia ls a nd
technologies, and building practices have evolved through
ages. The following points require attention, regarding the
use of modern building materials: energy consumed in the
manufacturing processes, problems of long distance
transportation, natural resources and raw materials
consumed, recycling and safe disposal, impact on
environment, and long-term sustainability. Thus the

issues related to energy expenditure, recycling,
biodegradable, environmenta l and sustainability with
respect to future demand need to be addressed during t h e
manufacture and use of any new building material by t h e
practice of increasing the efficiency with which buildings
use resources energy, water, and materials while reducing
building impacts on human health and the enviro nmen t,
through better site, design, construction, operation,
maintenance, and removal ie. The complete building lif e
cycle for achieving sustainable building development o r
green building development. The goal of the "green
building" project is to reduce the impact of const ructio n
on the environment by sustainable building and
construction of Int. 87 buildings using methods and
materials that are resource efficient and will not
compromise the health of the environment or the
associated health and well-being of the building's
occupants, construction workers, the general p u b lic, o r
future generations. Sustainable building involves the
consideration of many issues, including land use, site
impacts, indoor environment, energy and water use, solid
waste, and lifecycle impacts of building materials. Energy
consumption and associated greenhouse ga s emissio n s
will therefore continue to rise unless actions to direct t h e
construction industry towards sustainable co nsump tio n
and production are taken urgently.
R. Logo Raja (2014)
We understand that a green building, which is also known
as a sustainable building is designed to meet some
objectives such as occupant health; using energy, wa ter,
and other resources more efficiently; a nd red ucin g t h e
overall impact to the environment. It is an opportunity t o
use the resources efficiently while creating healthier
buildings that improve human health, build a better
environment, and provide cost savings. All the
development projects lead to over-consumption of natural
resources.
Marina Figueiredo Muller, Filipe Esmanioto , Na ta n
Huber (2019)
In this report the growing role of sustainability in the
construction industry must be considered in the entire
lifecycle of a building. This way BIM (Building
Information Modeling) figures as an important facto r in
the management of this lifecycle, from design and
construction, through the operation and maintenance until
the demolition. An efficient interoperability along the
lifecycle supported by BIM allows an overall better
management and help users to improve sustainabilit y o f
projects. This interoperability must consider not only
data, but also should be concerned with broader asp ects,
such as processes and guidelines, avoiding in f ormatio n
loss, facilitating analysis, and therefore, improving
sustainability.
Raja R. A. Issa (2008)
In this particular report we infer that co mpan ies wh ich
embrace both building information modeling (BI M) a nd
green building are making conscientious efforts to pursue
the synergies between the two, namely the green BIM
practice. When done right, project teams find th at green
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BIM can improve project outcomes, a nd f acilit a te t h e
accomplishment of established sustainability goals.
Nevertheless, green BIM remains an emergin g t ren d t o
the majority of the industry, and its full potential is yet t o
be explored according to recent market research rep ort s.
The hypothesis of this research is that for co mpanies t o
succeed in practicing green BIM, a holistic approach that
strategically plans for BIM execution in green b u ild in g
projects is needed. The BIM project execution p lannin g
guidelines (PEPG) is widely adopted today to offer
general guidance and standardized workflow of strategic
BIM implementation. PEPG is not meant to and lacks the
specificity to address green building projects in particular.
However, the popularity of PEPG is conceived as an
opportunity for this research to inherit its framework and
create a special case of its implementation in green
building projects. Considering the prevalence of
leadership in energy and environmental design (LEED)
green building rating system in global green building
industry, this research is further refined to focus on LEED
projects as an exemplary use case.
Chenzuo Zhang (2016)
This paper presents a comprehensive literature review o f
what drives the adoption of green building practices
among construction stakeholders. The review is based o n
literature that have been published in peer-reviewed
journals. Through a systematic review of th e lit era tu re,
authors are able to identify generic drivers for
stakeholders to pursue GB. A total of 64 drivers were
identified from reviewing 42 selected empirical st u d ies.
The paper presents a classification framework for the GB
drivers. The framework comprises five main categories of
Green Building drivers: external drivers, corporate-lev el
drivers, property-level drivers, project-level drivers, a nd
individual-level drivers.
III. CONCLUSION
This research identified the exciting developments taking
place on the technology front and analyzes their
implications for intelligent and green buildings,
highlighting examples of best in class buildings
employing green and intelligent technologies .These
buildings are dynamic environments that respond to their
occupants changing needs and lifestyle . Th is resea rch
provided documented evidence to educate and inf luence
and users building owners architect and contract ors t hat
"Greener Building" can be achieved using intelligent
technology and that this greening will provide a tangib le
and significant return of investment.
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ABSTRACT= Wastewater treatment is the branch of
environmental engineering in which the basic principles
of science and engineering are applied to the pro bl e ms
of water pollution control. So, as an overview, this
wastewater engineering includes wastewater treatment,
sludge disposal and reuse, wastewater reclamati on a nd
reuse, effluent disposal and the role of engineer.
Wastewater is used water. It includes substances such as
human waste, food scraps, oils, soaps and chemical s. In
homes, this includes water from sinks, showers,
bathtubs, toilets, washing machines and dishwashers.
Human activities create wastewater that can be
catastrophic to the environment and also ca use l o ss o f
water (in the form of wastewater which is 99% water by
weight) in places where
KEYWORDS=Wastewater treatment, Environment,
Sludge disposal, Reuse, Effluent disposal.
I.

INTRODUCTION:

It is the branch of environmental engineering in wh ich t h e
basic principle of science and engineering are applied to the
problems of water pollution control. So, as an overview,
this wastewater engineering includes wastewater treatment,
sludge disposal and reuse, wastewater reclamation and
reuse, effluent disposal and the role of engineer. Every
community produces both solid and liquid wastes. The
liquid waste is known as the wastewater. It may be defin ed
as liquid wastes collected in a sewer system and co nv eyed
to a treatment plant for processing. In view of their sources
of generation it may be defined as a comb inatio n o f t h e
liquid or water carrying wastes removed from resid ences,
institutions, commercial and industrial establishments
together with ground water, surface water and storm wat er
(may also present). In most of the communities, storm
runoff water is collected in a separate sewer system and
conveyed to the nearest water course for disposal wit h o ut
treatment. Several large cities have a combined wastewater
collection system where both storm as well as sanitary
wastes are collected in the same pipe system. Storm
wastewater means the wastes from rains or floods while

sanitary or domestic wastewater refers to liqu id co llect ed
from residences, business buildings and institutions.
Municipal wastewater is the wastewater treated in a
municipal treatment plant which comes from towns
frequently containing industrial effluents from dairies,
laundries, bakeries, factories and in large cities it may hav e
wastes from major industries such as chemical
manufacturing, breweries, meat processing, metal
processing or paper mills etc. In the old days, cityresid ents
used to place ‘night soil’ in buckets along t h e st reets a nd
workers emptied the waste into ‘honey wagon’ ta nks. Th e
waste was transported to rural areas for disposal over
agricultural lands. The invention of flush practices in
nineteenth century changed the waste dispo sal p ra ct ices.
Existing system for transporting urban wastes for d isp o sal
on agricultural la nds were not adequate to handle the la rge
volume of liquid generated by the flush toilets. Due to
transportation problem, cities began to use natural wa ter is
scarce. When wastewater contaminates rivers and
groundwater tables, it renders the water resource unusable.
Therefore, it is imperative that wastewater is treated befo re
it is released into the environment and, if possible, treated it
to make it potable. So as to save water we use kitchen, sink,
bathroom used waste water for potable need of human
beings. If one can take a step of waste water treatment
he/she will save water which he can use for his potable
needs as per his requirements. (NOTE= Wastewater
treatment water can be treated 90% but It cannot be used for
human body needs…!!!)
II.

LITERATURE REVIEW:

Wastewater (or waste water) is any water that has been
contaminated by human use. Wastewater is "u sed wa t er
from any combination of domestic, industrial, commercial
or agricultural activities, surface runoff or stormwater, a nd
any sewer inflow or sewer infiltration". Therefore,
wastewater is a byproduct of domestic, industrial,
commercial or agricultural activities. The characteristics o f
wastewater vary depending on the source. Types of
wastewater include: domestic wastewater from households,
municipal wastewater from communities (also called
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sewage) and industrial wastewater. Wastewater can contain
physical, chemical and biological pollutants.
ILL EFFECTS OF WASTE WATER:
Waterways are generally most at risk to the harmful effects
of wastewater. Toxic compounds in the effluent can
seriously disrupt aquatic ecosystems. For example, if a
large amount of biodegradable substan ces en d u p in t h e
water, organisms will start to break them down. This is a
bad thing, because when they do, these organisms use a lo t
of dissolved oxygen. Dissolved oxygen is critical for marine
life to thrive. As it becomes depleted, fish can be impact ed
in life-threatening ways.
Other types of waste, like oil and grease, are harder to break
down and can settle on the surface of the water. This blocks
light, which photosynthetic aquatic plants need. It can also
suffocate fish and get caught in birds’ feathers.
And just as heavy metals, such as lead an d m ercury , are
toxic to humans, they’re also toxic to animals. If so meone
drank from or ate fish from a contaminated wat er so u rce,
they could be faced with serious health effects. The same is
true for the animals and plants living in the water.
OBJECTIVE FOR TREATMENT:
drainage systems and storm sewers for wastewater carriage
against the advice of Edwin Chadwick- rain to river and
sewage to soil. Construction of combined sewer was
common place in large cities during the late half of
nineteenth century. The first modern sewerage sy stem f or
wastewater carriage was built in Hamburg, Germany in
1842 by an English Engineer named Lindley. M ost o f t h e
improvement over 100 years in wastewater collection
system consists of improved materials a nd the inclusio n o f
manholes, pumping stations and other appurtenances
Wastewater treatment is very necessary for the belowmentioned reasons. It is more vital for the:
Reduction of biodegradable organic substances in the
environment: organic substance such as carbon, nit ro gen,
phosphorus, sulfur in organic matter needs to be broken
down by oxidation into gases which is either released or
remains in solution.
Reduction of nutrient concentration in the environment:
nutrients such as nitrogen and phosphorous from
wastewater in the environment enrich water bodies or
render it eutrophic leading to the growth of algae and ot her
aquatic plants. These plants deplete oxygen in water bodies
and this hampers aquatic life.
Elimination of pathogens: organisms that cause disease in
plants, animals and humans are called pathogens. They a re
also known as micro-organisms because they are very small
to be seen with the naked eye. Examples of micro organisms include bacteria (e.g. vibrio cholera e), v iru ses
(e.g. enterovirus, hepatitis A & E virus), fungi (e.g. candida

albicans), protozoa (eg. entamoeba histolytica, giardia
lamblia) and helminthes (e.g. schistosoma mansoni, a sari s
lumbricoides). These micro-organisms are excreted in large
quantities in faeces of infected animals and humans (Awuah
and Amankwaa-Kuffuor, 2002).
Recycling and Reuse of water: Water is a scarce and finite
resource which is often taken for granted. In the last half o f
the 20th century, population has increased resulting in
pressure on the already scarce water resources.
Urbanization has also changed the agrarian nature of many
areas. Population increase means more food has to be
cultivated for the growing population and agriculture as we
know is by far the largest user of available water which
means that economic growth is placing n ew d emands o n
available water supplies. The temporal and spatial
distribution of water is also a major challenge with
groundwater resources being overdrawn (National
Academy, 2005). It is for these reasons that recyclin g a nd
reuse is crucial for sustainability.
NEED OF 3Rs (REUSE & REDUCE):
The most effective way to reduce waste is to not create it in
the first place. Making a new product requires a lot of
materials and energy - raw materials must be extracted from
the earth, and the product must be fabricated then
transported to wherever it will be sold. As a result,
reduction and reuse are the most effect ive wa ys y ou can
save natural resources, protect the enviro nmen t a nd sa ve
money.
•

Prevents pollution caused by reducing the need t o
harvest new raw materials

•

Saves energy

•

Reduces greenhouse gas emissions that contrib ut e
to global climate change

•

Helps sustain the environment for future
generations

•

Saves money

•

Reduces the amount of waste that will need t o b e
recycled or sent to landfills and incinerators

•

Allows products to be used to their fullest extent

Many reuse programs have evolved from local solid wa st e
reduction goals because reuse requires fewer resources, less
energy, and less labor, compared to recycling, disp osal, o r
the manufacture of new products from virgin materials.
Reuse provides an excellent, environmentally-preferred
alternative to other waste management methods, because it
reduces air, water and land pollution, limits the need for
new natural resources, such as timber, petroleum, fibers and
other materials. The US Environmental Protection Agen cy
has recently identified waste reduction as an important
method of reducing greenhouse gas emissions, a
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contributing factor to global warming.resources being
overdrawn (National Academy, 2005). It is for these
reasons that recycling and reuse is crucial for sustainability.
REQUIREMENTS OF REUSE OF WASTE WATER:
Sources of water for potential reuse can include municipal
wastewater, industry process and cooling water,
stormwater, agriculture runoff and return flows, and
produced water from natural resource extraction activities.
These sources of water are adequately treated to meet “fitfor-purpose specifications” for a particular next use. "Fitfor-purpose specifications” are the treatment requirements
to bring water from a particular source to the quality
needed, to ensure public health, environmental protection,
or specific user needs. For example, recla imed water for
crop irrigation would need to be of sufficient quality to
prevent harm to plants and soils, maintain food safety, and
protect the health of farm workers. In uses where there is a
greater human exposure water may require more treatment.
WATER REUSE IN AGRICULTURE: Irrigation with
wastewater is both disposal and utilization and indeed is a n
effective form of wastewater disposal (as in slow-rate la n d
treatment). However, some degree of treatment must
normally be provided to raw municipal wastewater before it
can be used for agricultural or landscape irriga t io n o r f o r
aquaculture. In many industrialized countries, primary
treatment is the minimum level of preapplication treatment
required for wastewater irrigation. It may be considered
sufficient treatment if the wastewater is used to irrigate
crops that are not consumed by humans or to irrigate
orchards, vineyards, and some processed food crops (FAO,
2006). Nutrients in municipal wastewater and treated
effluents are a particular advantage as supplemental
fertilizers. Success in using treated wastewater for crop
production will largely depend on adopting appropriate
strategies aimed at optimizing crop yields and quality,
maintaining soil productivity and safeguarding the
environment. Several alternatives are available and a
combination of these alternatives will o f f er a n o pt imum
solution for a given set of conditions. The user should hav e
prior information on effluent supply and its quality.
Wastewater effluent can be blended with conventional
water or solely used. Heavy metal concentrations in streams
used for irrigation in and around urban communization such
as Accra and Kumasi have been so metimes f oun d t o b e
beyond recommended levels for irriga t io n p u rpo sed a nd
should therefore may pose a health concern Countries must
develop standards in congruence with the WHO guidelin es
and enforce it
III.
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Abstract— In Additive Manufacturing (AM), Fused
Deposition Modelling (FDM) is one of the widely used
and promising extrusion-based techniques. FDM is
commonly used for the fabrication of polymer
prototypes and functional components. This research
aims to evaluate and compare the impact performance
of 3D printed specimen with different infill patterns.
Three infill pattern, i.e. Triangular, Hexagonal and
Rectangular were considered during 3D printing of
specimen. The Markforged Mark Two 3D printer and
Markforged trade name material Onyx in filament
form were used. The Onyx filament consists of nylon
and chopped carbon fibre (CCF). In this work, the
Izod impact test specimens were fabricated as per the
ASTM D256 standard. The printed specimens were
characterized using an Izod impact test machine.
Results of the 3D printed specimen with three infill
pattern were compared on the basis of impact strength
and build time.
Keywords— Additive Manufacturing, Fused
Deposition Modelling, Infill pattern, Impact strength

I. INTRODUCTION
Additive Manufacturing (AM) has become
popular in current years and finds its application in
various industries such as aerospace, automobile,
medical and consumer parts [1]. The term additive
manufacturing (AM) is defined by ASTM F42
committee as “Process of joining materials to make a
3D object from 3D model data, usually, layer upon
layer as opposed to subtractive manufacturing
method such as traditional machining” [2]. AM is an
advanced manufacturing technology in which parts
are fabricated by layer addition. FDM is one of the
most commonly used AM technology in which parts
are build using thermoplastic polymer filaments. In
FDM process, polymer in filament form is fed into a
extrusion head, which consist of heated nozzle.
Through extrusion head the semi-liquid filament is
extruded through the nozzle and deposited on the
heated platform to form the part layer-by-layer [3,4].
It has the capability to fabricates complex parts in
order to reduce the number of assembly units [5].
The most commonly used filaments in FDM are
PLA, PETG, Nylon and ABS. The schematic
diagram of FDM process is shown in Figure 1.
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Fig. 1. Schematic diagram of FDM process

With the growing FDM industry, the
investigation on the mechanical properties of FDM
parts with effect of process parameters has become
interesting in the twenty-first century. Barner [6]
studied the mechanical properties of specimens
fabricated with the honeycomb infill pattern printed
in flat and on-edge orientation using FDM and SLS
processes. The author observed that on-edge build
orientation has given the best results. Fernandez et
al. [7] studied the effect of infill parameters on
tensile strength. The infill patterns were line,
rectilinear, and honeycomb. The honeycomb infill
pattern had the best tensile strength; for a 50% infill
density, the honeycomb infill pattern reached a
tensile strength of 21.78 MPa, against 19.58 MPa for
the rectilinear pattern and 20.06 MPa for the line
pattern. Tsouknidas et al. [8] compared the impact
properties of porous PLA structures against the fully
dense structure. They showed that porous structures
absorbed more energy per unit volume but possessed
less load bearing integrity. Therefore, the energy
cushioning performance of PLA parts could be
improved by using porous structures. Pollard et al.
[9] investigated the effect of wall thickness on
honeycomb infill structures. Thicker walls lead to
higher strength due to increased contact area between
filaments. Hossain et al. [10] studied the effect of
parameters such as raster width, raster angle, build
orientation, etc and concluded that these parameters
affects the mechanical properties of 3D printed parts.
According to literature review, no study has been
found with effect of infill pattern on FDM printed
onyx material and its effect on impact strength. The
purpose of this study is to explain effects of infill
pattern on imapct strength and build time of FDM
printed onyx parts.
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II. EXPERIMENTAL DETAILS
A. 3D Printing of test Specimen
The aim of this research is to study the effect of
infill pattern on the impact strength of 3D printed
parts. The test specimens were fabricated using
Markforged Mark Two FDM based 3D printer as
shown in Figure 2. The material used for 3D printing
of specimen is Onyx in filament form. The Onyx
filament consists of nylon and chopped carbon fibre
(CCF). Main advantage of Onyx is high mechanical
strength, high toughness, durable and more
dimensional stability. Onyx filament with 1.75 mm
diameter was used to fabricate the test specimens.

ensure the repeatability of the test. Figure 5 shows
the 3D printed specimens of izod impact test.

Fig. 4. Different infill pattern in izod impact test specimen
Fig. 5. 3D printed specimens of izod impact test

Fig. 2. Markforged Mark Two 3D Printer

The specimens were fabricated as per
ASTM D256 standard for impact testing. Figure 3
shows the 2D geometry of the izod impact test
specimens. The 3D CAD model of impact test
specimens were first created in Solidworks and was
saved in .stl file format. The .stl file was submitted to
the 3D printer slicing software and the G-code file
was created using .stl file, which has been transferred
to 3D printer to print the test specimens.

B. Izod Impact Testing
The Izod impact test is done on the Tinius Olsen
IT-503 Pendulum impact testing machine. The
testing was done to determine the impact strength of
the specimen as per ASTM D256 standard. During
the impact test, the specimen is subjected to a fast
and strong blow from a hammer pendulum that hits
the specimen. Impact strength (J/m) is calculated by
taking ratio of impact energy (J) to the thickness (m)
of the specimen.
III. RESULTS AND DISCUSSION
In the present investigation, the effect of infill
pattern on the impact strength of the FDM processed
Onyx part has been carried out. Infill pattern have
been varied with 50% infill density to study the
impact strength and build time of the 3D printed

Impact Strength (J\m)
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Fig. 3. 2D geometry of izod impact test specimen

The test specimens were printed with three
different infill pattern viz., triangular, hexagonal and
rectangular as shown in Figure 4. All the specimens
were printed at 50% infill density. Two wall layers
and four top and bottom layers each were fixed for
all specimen. The extrusion temperature of material
and printing speed is automatically set by the 3D
printer. All the specimen has been printed thrice to
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Onyx parts.

188.55

Triangular

Infill Pattern

A. Effect of infill pattern on izod impact strength
The effect of infill pattern on the izod impact
strength has been investigated. The experimental
results of the izod impact strength and build time of
specimen have been shown in Table 1. The effect of
the infill pattern on the izod impact strength of the
3D printed Onyx is shown in Figure 6. From Figure
6, it can be clearly seen that the highest impact
strength was found in the specimen with printing
infill pattern of hexagonal, followed by rectangular
and triangular respectively. It can be seen that the
bonding zones between different layers are different
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on each pattern. In the hexagonal pattern, each layer
lays down on a similar previous layer where as, in
the rectangular and triangular pattern, the bonding
zone between each layer corresponds only with the
points where the filament crosses the previous layer
filaments. This characteristic can be a possible
explanation of why the hexagonal pattern shows
higher impact strength. Also, the variation of weight
and stress distribution between patterns could be the
reasons too. Also, Figure 7 shows the variation in
build time of specimen as the infill pattern changes.
It is observed that there is negligible difference in
build time for different infill pattern specimen.
TABLE I IZOD IMPACT STRENGTH OF 3D PRINTED SPECIMEN
Fig. 6. Effect of infill pattern on izod impact strength
Sr.
No
.
1.

Infill Pattern

Build Time
(min)

Izod Impact
Strength (J/m)

Triangular

26

156.07

2.

Hexagonal

24

188.55

3.

Rectangular

25

184.10

Fig. 7. Build time of izod impact test specimen with different
infill pattern

IV. CONCLUSIONS
In the present study, experimental investigation
has been carried out to study the effect of infill
pattern on the impact strength of FDM printed onyx
part. A Markforged Mark Two FDM based 3D
printer has been used to fabricate the standard test
specimen to evaluate the impact strength with respect
to infill pattern. The result shows that highest impact
strength of 188.55 J/m was obtained with specimen
printed with hexagonal infill pattern which is 2.36%
and 17.22% higher than rectangular and triangular
infill pattern respectively. The deposition trajectories
and consequently the interlayer bonding zones are
very different between hexagonal, rectangular and
triangular infill patterns. This could be a reason to
explain the impact strength difference. However,
more research on this topic needs to be undertaken
before this association could be more clearly
30
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understood. Also, the difference in build time of
specimens with different infill pattern was negligible.
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Abstract— Robotic process automation (or RPA) is
associate rising type of business process automation
technology supported the notion of software system
robots or artificial intelligence (AI) workers. In
traditional workflow automation tools, a software
developer produces inventory actions to automatism a
task and interface to the back-end system exploitation
internal application programming interfaces (APIs) or
dedicated scripting language. In distinction, RPA
systems develop the action list by looking at the user
perform that task within the application's graphical user
interface (GUI), and then perform the automation by
repetition those tasks directly with in the GUI. This may
lower the barrier to use of automation in products that
may not otherwise feature arthropod genus for this
purpose.
Keywords—Robotic Process Automation, Artificial
Intelligence, Process Automation, Cloud Computing

I.

INTRODUCTION

Robotic Process Automation (RPA) is the
technology where the task done by humans is
automated using .Robotic Process automation
doesn’t mean that the robot in it will replace the
human being but it is a computer program which will
copy and try to perform human actions A robot in
robotic process automation does not mean that
literally robots are going to replace human beings,
but it means a computer program that imitates
human actionsSo in Short we can say that RPA is a
program which interacts with the Computer and
does a repetitive task while achieving the required
task. The use of RPA is to automate tasks such as
data entry and data analysis in offices where
currently manpower is used . . Robotic process
automation is really awesome technology but the
developers are debating whether it should be
considered a new technology or just an advancement
of previous technologies.
A technology known as Screen Scraping software to
use to analyse and scan the visual content to get key
factors and other essential information from it such
as data points ,values and so on . Similar
functionality is integrated in RPA. RPA includes this
screen scraping function in it . This tools can be used
effectively to scrap the screen information such as
the user information, inventory count and so on .
This details then can be stored on company database
and then they can be also used to notify in some
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scenarios. This tools are very useful as no manual
entry is required.RPA is bringing lot of
functionalities in it such as the artificial intelligence
as it is the most required field in todays time . AI
technologies can not only do the manual work but
they can also be used to do predictions which offer
a variety of aspects to the industry . The main
features of RPA is to integrate this technology which
makes it a challenging and game changing
technology today .
II.

APPROACH

Deployment of RPA in HR can support the
organizational Industry 4.0 journey by enabling
better service to employees and managers, ensuring
that HR processes comply with required standards
and regulations, facilitate rapid initiation and
completion of HR processes, enhance efficiencies
by digitizing data and auditing process data, deliver
cost savings for manual and repetitive tasks and
enabling HR team to be more productive.

Fig No 1: Intelligent Automation Progression
The first step to validate the process eligibility RPA
-automation is to assess the process maturity and
standardization. Evaluating process maturity
involves verifying whether the results of the HR
process are stable and predictable. Standardization
entails validating that the HR organization across
different teams and branches is adopting a standard
process to accomplish the HR outcomes of the said
process.
The second step requires assessing the RPA
potential of the HR process, meaning the capacity of
software robot to do the work that has so far been
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performed by humans. This RPA potential of the HR
process is assessed based on properties of the extent
of manual interaction involved in the HR process
whether there is use of a software application to
execute the process if the activity is based on clearly
defined business rules.
The third step is to evaluate the RPA relevance of
the HR process. RPA is fit for a process with high
transaction volume, but low degree of complexity.
Transaction volume refers to the average number of
transactions of the activity performed per day.
Complexity of the process refers to the total time
required to complete the process.
The fourth step is to classify the HR processes
suitable for RPA. An HR process is suitable for RPA
if both RPA potential and RPA relevance are highly
suitable for a RPA approach. On the contrary, a HR
process is not suitable for the RPA approach if both
RPA potential and RPA relevance are low.
III.

KEY FEATURES

1. Wider adoption in the years to come
More organisations are getting aware about the
advantages of RPA. There is sharp upward push in
adopting and imposing RPA withinside the
following few years. It can be used for multiple
manner and is anticipated to control customercentered and outside processes. There are numerous
organisations which can be transferring from pilots
and POCs (evidence of concepts) to actual
production, that's why the abilties of RPA are
gaining a much wider exposure.

2. Artificial Intelligence (AI)
While Artificial Intelligence isn't like RPA, the each
can’t be separated. It is assumed that the subsequent
transitional segment to RPA could be AI. The
subsequent degree of RPA will flow past ruleprimarily based totally generation and begin to
encompass AI aspects.

1. Rich-analytical Suite

3. Emergence of SPA (Smart Process Automation)

Rich-analytical suite monitors the capability and
state of the robotic force. The central server is used
by most enterprises for operating this . it can be
controlled from anyplace in the world via internet
and providing basic metrics on robotics servers and
so on.the details that analysis provide not only gives
the user a chance to track operations but also
understand and support the furture workloads. The
RPA does require integration as everything is inbuilt

SPA or Smart Process Automation is thought to be
an extension of RPA. The reason of SPA is to
automate the unstructured statistics artwork that
robotics is incapable of coping with all with the
resource of the usage of itself. SPA uses Machine
Learning that is an possibility to scripting the if/then
rules. There’s a aggregate of tool learning, big
statistics, AI and cloud that is used to decorate
strategies and create models and refine models.

2. Security
RPA product will be requested by lot of users if the
company is running on automation. In this scenario
it is very important to have a good user interface
hence action specific permissions can be
provisioned by making use of the secure capabilities
by the RPA tools.Also configuration and
customization of certain type of data for securing it
to defend the network communication interruption
Is provided by Robotic process automation tools.Lot
of data such as audit data and other in instructions
which are accessible by the bot are encrypted to
avoid data tampering and other security threats and
to keep the data safeAlso the log information about
the users and they things they had accesed is also
provided by the Robotic Process Automation Tools
. . Using this ensures the internal security and also it
compliances with the standard industry regulation .

4. Integration with other tools
RPA could be used at the side of different gear and
technologies. More and extra organizations are
figuring out that RPA doesn’t feature optimally on
its own, that is, RPA can’t increase on its own.
Imagine RPA to be a huge, effective and bendy tool,
that is able to lots of factors however while
mixed with different gear. RPA while incorporated
with human body of workers and gear will make a
whole and advanced body of workers.

5. RPA 2.0
The subsequent huge alternate of RPA will see
greater of AI, Digital Employees, Total Workforce,
and Digital Transformation. The virtual personnel
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encompasses digitally empowered personnel who
can make contributions to innovation, creativity and
collaboration. With an integration of all
communique gear that personnel use (email,
immediate messaging, social media gear, digital
assembly gear and HR Applications), the virtual

•
•
•

3. Simple Bot Creation Interface
RPA provides making bots easily with the use of
keyboard keys and mouse buttons which record the
screen activity and the task. Task Editor can also be
provide by the RPA which enables editing the bots .
4. Source Control
Secure storage of each version of the process is done
by this method which is in progressThe difference
between the version is can be easily seen by the
developers and understand what has changed in that
particular process and this is done by source control
method.In RPA the control room components allows
different tasks such as scheduling hansdling bots and
logging , administering users and roles . this is very
useful component as offer auditable management
also the RPA environment can be control which
includes client users schedules and so on singlepoint-of-access & control is performed equally by
the source control
5. Hosting and Deployment Option
Customer product deployment across different
virtual machines is offered by RPA as well as Cloud
and terminal services. Looking upon the flexibility
and scalability of cloud servces attracts most of the
customers. The deployment of hundreds of robots
can be by RPA due to their powerful capabilities to
automatically deploy them. It also helps in solving
the server sync problems and also runtime updates
as it protects the overlap of client configuration as
well as deployment of the bots. Hence company can
deploy the services on the server and install the RPA
on their desktops. In the same way they can allow
multiple bots within a single process to run different
works which process large amount of data
6. Rules-based Exception Handling

The same task is given to another bot to
retry it and then removes the first bot by the
server
Level 2 alert to exception and resolution is
given when the reassignment done by the
server to the other bot works
It stops the second bot is the reassignment
is failed and raises a level 1 alert for
exception and reassignment failure

7. Debugging
The capability to go in the process and edit it
dynamically is the best benefit that is offered by
RPA.Some RPS tools are required to be stopped and
edited and then replication of the process.The
dynamic debugging is offered by some other RPA
tools.Without starting and stopping the process it
allowes to test scenarios by changing the values and
trying them .This helps production environment to
debug while still running the process and also make
the necessary changes which are particularly
required
8. Less Script or Script Less Automation
The recent tools of RPA are code free and they can
automate any applications specifically where there
is manual work involved. Hence very skilled
programmers are not required the GUI wizard can be
easily used to create and automate applications and
hence they don’t take programming time and makes
development and deployment of application faster
for the business. It also provides to lower the cost of
installation, training required and deployment
9. Seamless Integration
RPA integrates with lot of third party digital services
effectively and efficiently .Due to this integrations
made possible by RPA tools which provide
unparalleled flexibilitywhich help in evaluating
digital work performance
IV.

FUTURE SCOPE AND DEVELOPMENT

The development and excitement tells us that there
is lot of scope in future
.

Rules based exception handling in deployment is
supported in RPA

•

The feature included handles the exception in a
active way. Consider an exception repoted by bit and
does following actions:

•
•

The different tools and technologies of
RPA will replace the manual data entry and
the data rekeying jobs in the future.
Data assembling, formatting tasks task
which work on commands which are
repetitive are also automated by the RPA.
The Computer based process which uses
different protocols can be automated using
the different tools of the RPA
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•

•

It is also expected that the future
advancements in this technology will also
be do the jobs that the human can do and
imitate that specific actions.
The increase withinside the area of RPA is
certain shot and therefore will offer better
technological
potentials
toward
appreciably decreasing the hazard of
erroneous regulatory reporting’s along side
improvised analytics and better statistics
accuracy.

place of job can breakdown communique obstacles
and sell productivity, performance and innovation. It
can best yield results, however, if the virtual place
of job approach is applied efficiently and specializes
in a cultural alternate.
V.

CONCLUSION

Processes that have high RPA potential include
publishing of open roles to company portal or
website, preliminary candidate screening, interview
scheduling,
autonomous
candidate
status
notification, applicant information management
across multiple systems from application
submission to completing new hire process assess,
prepare and create new hire data, initiate offer letter
mailing information collation from disparate
systems for onboarding. Processes with high RPA
potential in HR Operations include mail notification
of exit requirement notify missing data or noncompliance mail exit letter upon process completion
automated review of employee time records
including leave / absence auto approval of standard
expenses based on defined , interview scheduling
and call for manual intervention, if required. RPA
has helped in the structural development of selfanalysing robotics projects through modes of easy
computing on easy platforms.
VI.
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Abstract—— In the developing world there are
many people who doesn’t have limbs from their
birth or due to accident face problem in their life to
perform day to day life tasks. Gaining back full
functionality of the muscles is not possible but some
mode of assistance to these muscles, provided
externally as an attachment is a leading field of
study. Current bionic arms tend to be very expensive
and hence, inaccessible to the common public. This
project aims at making a bionic hand design that is
capable of performing everyday tasks such as
writing, holding and grabbing. Since human body
generates electrical signal on flex of muscle this
signal can be captured. As the signal generated by
the muscles are very weak a amplification circuit is
necessary for gaining the signal. A number of
methods are available for the capture of the body
signal. Surface electrodes were seemed to be easiest
and cheapest method to acquire the muscle signal.
This signals will be amplified and then controlled by
the microcontroller for the actuation.
Keywords——
Bio-Signals,
Electromyography
(EMG), Myoware, Electrodes, Prosthetics, Bionic

Introduction
[1]The term 'bionics' was first utilized during the
1960s. It consolidates the prefix 'bio' which means
life and 'nics' of gadgets. Bionics is the investigation
of mechanical moving frameworks that capacity like
living beings or practical pieces of living creatures.
[7]Fake appendages, or prostheses, are utilized to
supplant a missing body part which may have been
lost because of injury, sickness or intrinsic
imperfection. The kind of prosthesis an individual
can utilize is reliant on the individual, including the
reason for removal or appendage misfortune, and the
area of the missing furthest point. Fake appendages
came into picture since 600 BC. Wooden legs, metal
arms, snares were intended for the substitution which
gave wearer on back some similarity to development
and capacity, they were regularly awkward, hard to
utilize, had poor usefulness and were cosmetically
ugly. The world's first bionic arm is Edinburgh
Modular Arm (EMAS) System worked in 1998. The
primary arm to have an electrically controlled
shoulder, elbow, wrist and hand. It was recognized in
the Guinness Book of World Records as 'the best false
arm'. The EMAS arm got an Engineering Heritage

Sushil Pal
Mechanical Engineering
Thakur college of Engineering and
Technology
Mumbai, India
sushil989810@gmail.com

Award in view of its critical spot in the advancement
of prostheses. Prosthetics configuration has created
after some time following the requirements of clients,
and the materials accessible, from protective layer
like iron hands of the sixteenth century to the 21st
century carbon fibre running edges. Substitution
appendages, or prostheses, are generally required
after removal or damage. A prosthetic appendage
should be intuitive to utilize, lightweight, hearty,
versatile. The ideal substitution would be as
adaptable as our organic appendages and require little
idea to utilize. Constrained by electronic small scale
sensors and weighing 1.8 kg, lighter than a
characteristic arm, the EMAS arm spoke to a leap
forward in designing permitting simpler and lighter
development. Customarily, upper‐limb prostheses
were body fuelled, utilizing links and outfits joined to
the individual and depending on body developments
to control links that control the prosthetic appendage.
This can be physically tiring, awkward and unnatural.
[2]Myoelectric appendages are remotely fuelled,
utilizing a battery and electronic framework to
control development. Every prosthesis is hand
crafted, appending to the lingering appendage
utilizing suction innovation.
When the gadget has been safely connected, it
utilizes electronic sensors to identify even the littlest
hints of muscle, nerve and electrical movement in the
rest of the appendage. This muscle action is
transmitted to the outside of the skin where it is
enhanced and sent to microchips, which utilize the
data to control the developments of the fake
appendage.
In light of the psychological and physical upgrade
gave by the client, the appendage moves and acts a
lot of like a characteristic extremity. By shifting the
power of the development of their current practical
muscles the client can control perspectives, for
example, quality, speed and hold in the bionic
appendage. In the event that muscle sign can't be
utilized to control the prosthesis, switches with a
rocker, pull-push or contact cushion can be utilized.
Improved finesse is accomplished by means of the
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expansion of sensors and mechanized controls,
subsequently empowering clients to perform
undertakings, for example, utilizing a key to open an
entryway or getting cards out of a wallet.
Problem definition
People in the world don’t have arm from elbow or
from shoulder by their birth or caused by an accident.
This make their life a bit challenging as compared to
the normal one’s. The prostheses available may
provide a structural compatibility with the body but
however cannot be controlled by the body.
Since every movement of the body part is
initiated by producing electrical signal in the brain
which is transferred to the muscle which are having a
very low voltage in millivolts. This signal are very
difficult to capture accurately from the surface of the
muscle. This signal can be used as a data for
controlling the mechanics of the body part by the
electrical means. This signal need to be filtered
before passing into the controller circuit.
The aesthetics of the body part is also difficult to
achieve with the maximum control of the joints to
look and respond like the real body part.
Objectives
The objective of this project is to design a device
which will help the people who are not having hand
by birth or similar medical condition in easy and
comfortable manner without any muscle pain.
• This device should be designed in such a way
that it is easy to use and affordable.
• To successfully acquire the required bio-signal
to achieve the motion of the fingers and arm.
• To process the acquired signal and to establish a
linear relation between the signal and the finger and
arm movement.

Actuators
Servo motor
Servo motor SG-90 is used for the actuation of the
fingers. The specification of servo SG-90 is
Operating Voltage is +5V typically
Torque: 2.5kg/cm
Operating speed is 0.1s/60°
Gear Type: Plastic
Rotation : 0°-180°
Weight of motor : 9gm
As we probably are aware there are three wires
leaving this engine. To cause this motor to pivot, we
need to control the motor with +5V utilizing the Red
and Brown wire and impart PWM signs to the Orange
shading wire. Subsequently we need something that
could create PWM signs to make this engine work,
this something could be in any way similar to a 555
Timer or other Microcontroller stages like Arduino,
PIC, ARM or even a chip like Raspberry Pie.
The majority of the diversion Servo motor works
from 4.8V to 6.5V, the higher the voltage higher the
torque we can accomplish, however most ordinarily
they are worked at +5V. Practically all side interest
servo engines can turn just from 0° to 180° because
of their rigging course of action so ensure you
anticipate can live with the half circle assuming no,
you can incline toward for a 0° to 360° engine or
adjust the motor to make a round trip.
For the 3600 continuous rotation of the servo arm
servo is moded. The connection of the potentiometer
to the ic of the servo is break and the potentiometer is
removed the wires of the potentiometer are joined in
connection with 2.2k ohm resistor.

• The selected algorithm should be quick to
execute and should not require any overly
sophisticated hardware.
• The algorithm is designed in such a way that it
differs from person to person.
• The arm is designed as light as possible and also
maintaining its strength according to the required
stress holding capacity.
• The external mechanical arm attached to the
human arm should function as close to the original
human arm as possible. This involves selecting an
appropriate drive technique to use the signal
processed by the signal processing circuitry.
• Ergonomics should be taken into account while
designing the arm and should be comforting to use.
Equpiments

Figure 1. Servo mod by adding 2.2k ohm
resistor
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Stepper motor
The 28BYJ-48 is a little, modest, 5 volt outfitted
venturing engines. These venturing engines are
evidently broadly used to control things like
computerized blinds, A/C units and are mass
delivered. stepper01Due to the rigging decrease
proportion of *approximately* 64:1 it offers OK
torque for its size at rates of around 15 revolutions for
every moment (RPM). With some product "fraud" to
quicken bit by bit and a higher voltage power source
(I tried them with 12 volts DC) I had the option to get
about 25+ RPM. These little steppers can be bought
together with a little breakout board for the Arduino
perfect ULN2003 stepper engine driver for under $5.
A serious deal, contrasted with the cost of an
equipped DC engine, a DC engine controller and a
wheel encoder! The minimal effort and little size
makes the 28BYJ-48 a perfect alternative for little
mechanical applications, and a brilliant prologue to
stepper engine control with Arduino.
Stepper motor 28byj-48 specs are
Motor Type: Unipolar stepper motor
Connection Type:
motor controller)

Figure 2. stepper motor 28byj-48
The motor has 4 loops of wire that are fueled in a
succession to make the attractive motor shaft turn.
When utilizing the full-advance technique, 2 of the 4
curls are controlled at each progression. The default
stepper library that comes pre-introduced with the
Arduino IDE utilizes this strategy.

5 Wire Connection (to the

Voltage:

5-12 Volts DC

Frequency:

100 Hz

Step mode: Half-step mode recommended (8
step control signal sequence)
Step angle: Half-step mode: 8 step control
signal sequence (recommended) 5.625 degrees per
step / 64 steps per one revolution of the internal motor
shaft Full Step mode: 4 step control signal sequence
11.25 degrees per step / 32 steps per one revolution
of the internal motor shaft
Gear ratio:
Manufacturer specifies 64:1. Some
patient and diligent people on the Arduino forums
have disassembled the gear train of these little motors
and determined that the exact gear ratio is in fact
63.68395:1. My observations confirm their findings.
These means that in the recommended half-step mode
we will have:64 steps per motor rotation x 63.684
gear ratio = 4076 steps per full revolution
(approximately).
Wiring to the ULN2003 controller:
A
(Blue), B (Pink), C (Yellow), D (Orange), E (Red,
Mid-Point)
Weight:

30g

Figure 3. UNL20003 stepper driver
The ULN2003 stepper motor driver board permits
you to effortlessly control the 28BYJ-48 stepper
motor from a microcontroller, similar to the Arduino
Uno. One side of the board side has a 5 wire
attachment where the link from the stepper motor
connects and 4 LEDs to show which curl is at present
fueled. The motor link just goes in one manner, which
consistently makes a difference. UNL2003 boardOn
the side you have a motor on/off jumper (keep it on
to empower capacity to the stepper).

Microcontroller
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The Arduino Uno is a microcontroller board
dependent on the ATmega328. Arduino is an opensource, prototyping stage and its effortlessness makes
it perfect for specialists to use just as experts. The
Arduino Uno has 14 advanced information/yield pins
(of which 6 can be utilized as PWM yields), 6 simple
data sources, a 16 MHz precious stone oscillator, a
USB association, a force jack, an ICSP header, and a
reset catch. It contains everything expected to help
the microcontroller; just associate it to a PC with a
USB link or force it with an AC-to-DC connector or
battery to begin.
The Arduino Uno varies from every single going
before board in that it doesn't utilize the FTDI USBto-sequential driver chip. Rather, it includes the
Atmega8U2 microcontroller chip modified as a USBto-sequential converter.
"Uno" signifies one in Italian and is named to
stamp the up and coming arrival of Arduino 1.0. The
Arduino Uno and adaptation 1.0 will be the reference
renditions of Arduno, pushing ahead. The Uno is the
most recent in a progression of USB Arduino sheets,
and the reference model for the Arduino stage.

Analog Input Pins: 6
DC Current per I/O Pin: 40 mA
DC Current for 3.3V Pin: 50 mA
Flash Memory: 32 KB of which 0.5 KB used by
bootloader
SRAM: 2 KB (ATmega328)
EEPROM: 1 KB (ATmega328)
Clock Speed: 16 MHz
Sensor
[3]Measuring muscle activation via electric
potential, referred to as electromyography (EMG),
has traditionally been used for medical research and
diagnosis of neuromuscular disorders. [4]However,
with the advent of ever shrinking yet more powerful
microcontrollers and integrated circuits, EMG
circuits and sensors have found their way into
prosthetics, robotics and other control systems.

Figure 5. Emg Sensor
[5]Our Muscle Sensors are designed to be used
directly with a microcontroller. Therefore, our
sensors do not output a RAW EMG signal but rather
an amplified, rectified, and smoothed signal that will
work well with a microcontroller’s analog-to-digital
converter (ADC).
Figure 4. Arduino uno board
Features of the Arduino UNO:
Microcontroller: ATmega328
Operating Voltage: 5V
Input Voltage (recommended): 7-12V
Input Voltage (limits): 6-20V
Digital I/O Pins: 14 (of which 6 provide PWM
output)

Material
ABS implies Acrylonitrile Butadiene Styrene
(ABS). ABS (Acrylonitrile Butadiene Styrene) is a
piece of the thermoplastic polymers family. As its
name infers, ABS is made from Acrylonitrile,
Butadiene and Styrene polymers. It is a material
normally utilized in close to home or family unit 3D
printing, which is finished utilizing principally FDM
or FFF 3D printers. This regular thermoplastic
material is well known on the grounds that it is
anything but difficult to use with a work area 3D
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printer, yet additionally in light of the fact that it has
some extraordinary material properties.
ABS is lightweight and has great effect quality; it
is scraped area safe and reasonable. Besides, ABS
polymers withstand a great deal of synthetic recipes.
The glass progress temperature of ABS plastic is
105°C (221°F), making it perfect for use in
moderately safe machines that are anything but
difficult to work (the wellbeing of family machines is
significant).
ABS material has a low softening point, which
makes it a material that isn't generally adjusted to
high warmth circumstances. In any case, this low
dissolving point makes ABS simple to machine with
work area 3D printers, or during an infusion shaping
procedure.
Acrylonitrile Butadiene Styrene (ABS) is utilized
by 3D FDM or FFF printers and comes as a long fibre
twisted around a spool. Working the 3D printer is
genuinely basic: the ABS strand is guided into an
expulsion head or extruder that warms the ABS
plastic to its softening point so as to condense it.
When condensed, the material is kept layer by layer
on a printing stage (which might possibly be
warmed). By utilizing such a basic assembling
process, making plastic items turns out to be very
simple.
This preferred position of this sort of added
substance fabricating system is its reasonableness.
Because of the slip by of specific licenses identified
with FDM innovation in 2009, the expense of 3D
imprinting in ABS has essentially diminished.
Section level printers cost between two or three
hundred to a few thousand euros. Plastic materials are
additionally reasonable, similar to ABS fibre, which
is valued at under €50 per kg. The utilization of this
material could assist you with bringing down your
creation costs.
Therefore, ABS plastic and 3D FDM/FFF printers
are an exceptionally mainstream blend for some
applications. The physical properties of this sort of
plastic, similar to its effect obstruction, elasticity and
solidness, and its warmth diversion temperature, are
genuine points of interest. It can likewise be utilized
for mechanical purposes, or for its electrical
properties.
Notwithstanding its substance obstruction and
mechanical properties, ABS material has a decent
surface quality and is fire resistant. The crude
material shading is white, yet the oxidation of the
polymers can prompt a yellowing shading. Also, it is
anything but difficult to paste and paint plastic items
printed with ABS material, offering potential
outcomes of customization.

ABS material has a low softening point, which
makes it a material that isn't generally adjusted to
high warmth circumstances. Be that as it may, this
low softening point makes ABS simple to machine
with work area 3D printers, or during an infusion
forming process.

METHODOLOGY
Raw Signal Processing
1. Connect the power supply (two 9V batteries)
a. Connect the positive terminal of the first 9V
battery to the +Vs pin on your sensor. b. Connect the
negative terminal of the first 9V battery to the
positive terminal of the second 9V battery. Then
connect to the GND pin on your sensor.
c. Connect the negative terminal of the second 9V
battery to the –Vs pin of your sensor.
2. Connect the electrodes
a. After determining which muscle group you
want to target (e.g. bicep, forearm, calf), clean the
skin thoroughly.
b. Place one electrode in the middle of the muscle
body, connect this electrode to the RED Cable’s snap
connector.
c. Place a second electrode at one end of the
muscle body, connect this electrode to the Blue
Cable’s snap connector. d. Place a third electrode on
a bony or non-muscular part of your body near the
targeted muscle, connect this electrode to the Black
Cable’s snap connector.
3. Connect to a Microcontroller (e.g. Arduino)
a. Connect the SIG pin of your sensor to an analog
pin on the Arduino (e.g. A0)
b. Connect the GND pin of your sensor to a GND
pin on the Arduino.
4. The raw signal is transmitted to the sub
circuit 1that contain the instrumentation amplifier
AD8226 where the signal gets measured by providing
200x gain.
5. The measured signal contains noise, the
amplifier passes the signal to the sub circuit 2 which
consist of filter which is TL084 where the signal gets
rectified by low pass filter and high pass filter.
6. For getting accurate signal the signal passes
through sub circuit 3 and gets smoothed.
7. The smoothed signal is processed by sub
circuit 4 which is the output signal.
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{
Serial.begin(115200);
SERVO_1.attach(SERVO_PIN);
}
int value = analogRead(EMG_PIN);
if(value > THRESHOLD){
SERVO_1.write(170);
}

Figure 6. Myoware EMG Circuit Diagram
Processed Signal to Microcontroller

else{

The processed signal from the circuit is
transmitted to the Arduino.

}

SERVO_1.write(10);
Serial.println(value);
}
Signal Processing
[6]The rectified signal received by the Arduino is
given by fluctuation graph which shows the increase
in frequency as the muscle is flexed. This increase in
the frequency is the data input to actuate the servo
motor.

.
Figure 7. Circuit Diagram
The emg setup is connected to the servo motor for
the actuation by the following connections.

Figure 9. Frequency Graph in Arduino Ide

Figure 8. connection with servo motor
The following code is used to drive the motor
#include <Servo.h>
#define THRESHOLD 250
#define EMG_PIN 0
#define SERVO_PIN 3
Servo SERVO_1;
void setup()

Servo motor Testing
We have tested the moded servo motor with
three push buttons. One button for stop second
button for clockwise and third button for counter
clockwise direction.
For the purpose of the giving the limit to the
servo rotation so that the fingers rotate in a given
range to avoid collision. But these idea didn’t work
as the motor couldn’t rotate in either direction after
it gets stop.
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Assembly
For the purpose of the controlling power
supply and sensing the circuits are assembled in a
case.
The casing Includes
• Arduino UNO.
• Myoware Muscle Sensor.
• Battery Charging Circuit.
• The battery case includes 4 batteries of 9v
two of 300MAH and Two of 325 MAH.
The Casing is 3d printed which comply with the
circuit boards and battery dimensions.

Figure 10. Servo motor with push button
Stepper motor testing

Figure 12. #d printed casing with electronics
For the palm design we have 3d printed
each part and assembled them. The links were
riveted together for the motion of the finger
The motor were glued to the palm. The gear
and the lead screw were pressed fitted to the motor
shaft.

Figure 11. Stepper motor with Stepper driver circuit
We have replaced the servo motor with the
stepper motor 28byj-48. We tried to configure the
stepper motor with 4 rotation and we were able to
achieve that but the stepper motor didn’t match the
speed of the servo motor which were not in sync and
too slow so we dropped the idea.
After the failure of both of the arrangement
we decided to use mg995 servo motor with good
torque and speed. We also increased the pitch of the
lead screw from 10mm to 45mm.

Figure 13. Assembly of the palm with the fingers
After the both the assembly we have
connected the two assemblies by screws. The
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positive and ground of the motor were shorted
together to connected to the Arduino board. Two
batteries were connected in series two were
connected to the sensor in a bipolar arrangement.
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EXPECTED OUTCOME
•

The EMG sensor should be able to sense
the muscle signal and convert it into data
signal to control the actuator.

•

The bionic arm should be able to grab
and lift the object according to the
muscle activity.

•

The system should be adaptive.

•

The bionic arm will be able to write.

CONCLUSION
The signal achieved by electromyography
are weak and fluctuating signals. As these signals are
amplified but to some extend these signal fluctuate.
EMG can be used for only for some basic operations.
EEG has a large scope of application. However we
are able to capture nerves signal and programmed
them to actuate the actuators. The Arduino is a basic
controller which helped us to program the signals
into command. Arduino is an open platform for the
all basic functions. Through these project we came
across the motor control by microcontroller.
Programming played a vital role in our project since
we started from scratch we have to program motor
according to our design. CAD helped us lot for
making the digital wireframe model of the design.
We also tried of circuit simulation software Proteus
which gave us the circuit building and simulation
freedom. To convert the CAD model into reality we
came across 3D printing. We 3d printed every part
of the model and joined and lined them with glue and
rivets. The accuracy of the 3D prints is amazing and
accurate. The gear and screw profile came out to be
satisfying. Even the intricate parts also have
accuracy. After the assembly we are able to actuate
the arm with the help of the EMG. These system can
be evolved to be better to be straped to the human
arm so that people don’t having forelimb can have a
feeling of the hand.
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Abstract—Technology

in
education
can
influence students to learn actively and can
motivate them, leading to an effective process of
learning. Previous research has identified the
problem that technology will create a passive
learning process if the technology used does not
promote critical thinking, meaning-making or
metacognition. Since its introduction, augmented
reality (AR) has been shown to have good
potential in making the learning process more
active, effective and meaningful. This is because
its advanced technology enables users to interact
with virtual and real-time applications and brings
the natural experiences to the user. In addition,
the merging of AR with education has recently
attracted research attention because of its ability
to allow students to be immersed in realistic
experiences. Therefore, this concept paper
reviews the research that has been conducted on
AR. The review describes the application of AR in
a number of fields of learning including Medicine,
Chemistry, Mathematics, Physics, Geography,
Biology, Astronomy and History. This paper also
discusses the advantages of AR compared to
traditional technology (such as e-learning and
courseware) and traditional teaching methods
(chalk and talk and traditional books). The review
of the results of the research shows that, overall,
AR technologies have a positive potential and
advantages that can be adapted in education. The
review also indicates the limitations of AR which
could be addressed in future research.
Keywords—Augmented reality ,education ,
Social learning

1) INTRODUCTION
Augmented Reality is a field of a computer
science that involves combining three
dimensional virtual worlds; the physical world
and an interactive. The technology is still in
early phase however, the potential of AR
technologies will grow fast and it can be applied
in so many fields not only in engineering ,
medical and construction but also in education
. Augmented Reality augments the real world
with artifiial information and adds electronic
data from a cyberspace on the physical space

Technology has become embedded in
education and the results indicate a positive
impact on learning and teaching styles. Lessons
that are supported by technology will lead to
more innovative forms of teaching and learning.
This is because the use of technology involves
real-world problems, current informational
resources, simulations of concepts, and
communication with professionals in the field.
In addition, learning using technology is
believed to complement the traditional forms of
teaching and learning . the use of a variety of
media applications to explain concepts increased
the understanding and supported greater
collaboration between students. Augmented
reality (AR) is a new technology that has
emerged with potential for application in
education.
While a lot of research has been conducted
on AR, few studies have been conducted in the
education field. The number of studies on AR is
growing due to the effectiveness of this
technology in recent years. AR has been used in
different fields in education. In particular, AR
provides an efficient way to represent a model
that needs visualization AR also supports the
seamless interaction between the real and virtual
environments and allows a tangible interface
metaphor to be used for object manipulation

2) PROBLEM STATEMENT
An interactive learning allows the user to
participate in the learning environment.
However, due to the enhancement of learning
environment, the conventional way of learning
does not satisfy the students and the learning
activity started to experience bored. It is because
the interaction between the learning tools and
students is limited to static stuffs such as text. It
seems hard for students to visualize and they will
easily fail to focus. Augmented Reality is a term
for a live direct or an indirect view of a physical,
real-world environment. Learning using
Augmented Reality enhanced the view and
experience of learning. The learning interactive
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application using Augmented Reality concept
will add in multimedia elements such as
pictures, graphics, sounds, animations, etc. It is
used to enrich the learning environment and to
let the students fully involved in the learning
activity. Students can move around and see the
virtual object or animation from different views
as the Augmented Reality system performs
alignment of the real and virtual cameras
automatically
• Multi-user, specifcally closely coupled
(collaborative), AR theory, and interaction. •
Responsive, multi-platform AR content that
adjusts functionality, interaction input, and
display • The use of AR in social, educational
contexts such as the more formal classroom and
informal educational institutions such as
museums. • Suggested learning theories that
may provide for more complete refections of
how learning happens in social learning spaces,
with greater consideration of how the embodied,
social, and spatial environments afect learning.

3) METHODS

METHODS ESSENTIAL FOR CREATION
OF AR:
Enables:
motion
tracking
for
AR
Accelerometer: measures acceleration, which is
change in speed divided by time.Simply put, it’s
the measure of change in velocity.Acceleration
forces can be static/continuous—likegravity—
or dynamic, such as movement or
vibrations.Gyroscope:
measures
and/or
maintains orientation and angular velocity.
When you change the rotation of your phone
while using an AR experience, the gyroscope
measures that rotation and ARCore ensures that
the digital assets respond correctly.Phone
Camera: with mobile AR, your phone camera
supplies a live feed of the surrounding real world
upon which AR content is overlaid. In addition

to the camera itself, ARCore-capable phones
like the Google Pixel rely on complementary
technologies like machine learning, complex
image processing, and computer vision to
produce high-quality images and spatial maps
for mobile AR.
Enables: location-based AR
Magnetometer: gives smartphones a simple
orientation related to the Earth's magnetic field.
Because of the magnetometer, your phone
always knows which direction is North,
allowing it to auto-rotate digital maps depending
oN your physical orientation. This device is key
to location-based AR apps.GPS: a global
navigation satellite system that provides
geolocation and time information to a GPS
receiver, like in your smartphone. For ARCorecapable smartphones, this device helps enable
location-based ARapps.Enables: view of real
world with AR
Display: the display on your smartphone is
important for crisp imagery and displaying 3D
rendered assets. For instance, Google Pixel XL’s
display specification is 5.5" AMOLED QHD
(2560 x 1440) 534ppi display, which means that
the phone can display 534 pixels per inch—
making for rich, vivid images.
In order to seem real, an AR object has to act like
its equivalent in the real world. Immersion is the
sense that digital objects belong in the real
world.Breaking immersion means that the sense
of realism has been broken; in AR this is usually
by an object behaving in a way that does not
match our expectations.Placing is when the
tracking of a digital object is fixed, or anchored,
to a certain point in the real world.Scaling is
when a placed AR object changes size and/or
dimension relative to the AR device's position.
For example, when a user moves away or
towards an AR object, it feels like the object is
getting larger or smaller depending on the
distance of the phone in relation to the object.
AR objects further away from the phone look
smaller and objects that are closer look larger.
This should mimic the depth perception of
human eyes.Occlusion occurs when one object
blocks another object from view.AR software
and hardware need to maintain “context
awareness” by tracking the physical objects in
any given space and understanding their
relationships to each other -- i.e. which ones are
taller, shorter, further away, etc.There are two
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basic ways to track the position and orientation
of a device or user: outside-in tracking and
inside-out tracking.Outside-in tracking uses
external cameras or sensors to detect motion and
track positioning. This method offers more
precision tracking, but a drawback is the external
sensors lower the portability.Inside-out tracking
uses cameras or sensors located within the
device itself to track its position in the real world
space. This method requires more hardware in
the AR device, but offers more portability.On
the AR headset side, the Microsoft HoloLens is
a device that uses inside-out tracking.

4) Development tools

Advanced 3D design tools like Maya, Zbrush,
Blender, and 3ds Max are powerful professional
tools.
Google’s Poly can be a good starting resource
for building your first ARCore experience.
Poly by Google is a repository of 3D assets that
can be quickly downloaded and used in your
ARCore experience.
Google's Poly is a 3D asset library that lets you
quickly find 3D objects and scenes for use in
your apps, and it was built from the ground up
with AR
An augmented reality SDK (software
development kit) is the core technological
software engine that powers the development
and creation of new AR apps and experiences.
The role of the AR SDK is to perform the nontrivial task of fusing digital content and
information with the real world. The capabilities
of the SDK will ultimately underpin the features
and functionality within your AR application, so
it’s essential to choose the correct platform
based on the requirements of your project.
The AR SDK is responsible for many
components of the applications, which are

currently available, including content rendering,
AR tracking, and scene recognition. Content
rendering relates to the digital information and
3D objects that can be overlaid on top of the real
world, tracking represents the ‘eyes of the
application,’ and the scene recognition element
acts as the central nervous system of the
application. Each AR SDK will be equipped
with its own unique properties that will enable
AR developers to recognize, render, and track
the application in the most optimal manner
possible.
Here are the 3 best augmented reality SDK’

1.) ARKit

In 2017, Apple released iOS 11, and the
subsequent launch of ARKit witnessed arguably
the most seismic event in the history of
augmented reality technology. ARKit is a
unique framework that enables brands and
developers to design and create unparalleled
experiences for compatible iPhone and iPad
devices (compatible iPhone’s and iPad’s must
be equipped with an A9 processor or above).
The ARKit SDK functions in the same way as
most AR SDK’s function, by enabling digital
information and 3D objects to be blended with
the real world but offers largely unparalleled
accessibility in terms of the number of existing
devices that it supports.
ARKit can be run on any device equipped with
an Apple A9, A10, or A11 processor and utilizes
VIO (Visual Inertial Odometry) to track the
surrounding environment with seamless levels
of accuracy. VIO enables the ARKit to combine
Core Motion data with camera sensor data and
provides the ability to develop applications that
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can detect horizontal planes (floors and tables)
and vertical planes (walls). This enables the
ARKit to accurately understand the dynamics
and make-up of a particular scene and provides
the ability to place 3D objects and overlay digital
information in a contextually relevant way (for
example, because ARKit understands the
difference between a floor and a table, it knows
to place a bottle of wine on the table, rather than
the floor). If you’re in the process of developing
an AR application using ARKit, we created a
guide on the key elements you need to consider.
Developers and businesses can create
applications using ARKit and associated
optimizations via third-party 3D engines such as
Unity, Unreal Engine, and SceneKit.

2.) ARCore

ARCore is Google’s proprietary augmented
reality SDK. Similar to ARKit, it enables brands
and developers to get AR apps up and running
on compatible Google smartphones and tablets.
One of the most notable features of ARCore is
that it also supports iOS-enabled devices and
gives developers unparalleled access to users
across both platforms. ARCore possesses three
significant features that enable developers to
merge the real world with the virtual:
ARCore integrates virtual content with the real
world as seen through your phone's camera and
shown on your phone's display with
technologies
like
motion
tracking,
environmental understanding, and light
estimation.Motion tracking uses your phone's

camera, internal gyroscope, and accelerometer
to estimate its pose in 3D space in real
time.Environmental understanding is the
process by which ARCore “recognizes” objects
in your environment and uses that information to
properly place and orient digital objects. This
allows the phone to detect the size and location
of flat horizontal surfaces like the ground or a
coffee table.Light estimation in ARCore is a
process that uses the phone’s cameras to
determine how to realistically match the lighting
of digital objects to the real world’s lighting,
making them more believable within the
augmented scene.
Feature points are visually distinct features in
your environment, like the edge of a chair, a
light switch on a wall, the corner of a rug, or
anything else that is likely to stay visible and
consistently placed iN your environment.
Concurrent odometry and mapping (COM) is a
motion tracking process for ARCore, and tracks
the smartphone’s location in relation to its
surrounding world.Plane finding is the
smartphone-specific process by which ARCore
determines where surfaces are in your
environment and uses those surfaces to place
and orient digital objects. ARCore looks for
clusters of feature points that appear to lie on
common horizontal or vertical surfaces, like
tables or walls, and makes these surfaces
available to your app as planes. ARCore can also
determine each plane's boundary and make that
information available to your app. You can use
this information to place virtual objects resting
on flat surfaces.
Anchors “hold” the objects in their specified
location after a user has placed them.
Motion tracking is not perfect. As you walk
around, error, referred to as drift, may
accumulate, and the device's pose may not
reflect where you actually are. Anchors allow
the underlying system to correct that error by
indicating which points are important.
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3.) Vuforia

businesses and brands seeking to develop apps
that cover both iOS and Android whilst
minimizing commercial and technical risk. This
means AR apps can be developed seamlessly for
the widest possible number of target mobile
devices in the shortest possible time scale.

5) Conclusion

Vuforia is an augmented reality SDK that
enables businesses and app developers to
quickly spin-up high fidelity, mobile-centric,
immersive AR experiences. The Vuforia SDK
leverages computer vision technology to
identify and track image targets and 3D objects
in real-time. This functionality enables
businesses and AR development agencies to
orient and place virtual objects, including 3D
models and other content, in relation to the realworld environment. 3D models and digital
information can then be overlaid on top of the
real-world scene and viewed in relation to the
environment via an AR-enabled smartphone or
tablet.
The Vuforia augmented reality SDK is capable
of supporting a wide variety of 3D and 2D
targets,
including
3D
multi-target
configurations, markerless image targets, and
fiducial markers referred to as a ‘VuMark.’
Some of the additional features in the Vuforia
SDK include localized occlusion detection using
virtual buttons, the capacity to develop and
calibrate target sets at runtime, and runtime
target image selection.
Vuforia
provides
API’s
(application
programming interfaces) in Java, C++ and
Objective C++, and .NET via an extension of the
Unity game engine. With this in mind, Vuforia
SDK is capable of supporting both native
development for iOS and Android and the
development of AR apps and prototypes in
Unity that can easily be ported across both
platforms. This represents a great option for

This review of the research conducted in several
fields in education shows that AR technology has
the potential to be further developed in
education. This is because the advantages and
beneficial uses of AR features are able to engage
students in learning processes and help improve
their visualization skills. The features can also
help teachers to explain well and make the
students easily understand what they are taught.
The use of AR technology has also received
positive feedback from participants and students
who have shown their interest in using AR in
their learning processes. These good responses
are important because they indicate the
willingness of students to actively engage in
their studies through AR tools. AR technology is
still new in education, thus there are still some
limitations. However, the review of the research
indicates that most of the limitations are related
to technical issues. Such limitations can be
overcome over time as research on the
integration of AR in education is replicated and
improved. When the potential of AR
technologies is more fully explored, the
beneficial functions of AR can begin to be used
widely in all fields of education and the
efficiency of the teaching and learning process
will be improved.
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Abstract— eVTOL stands for Electric vertical take-off and
landing and, as the name suggests, refers to aircraft that
can take off, hover, cruise and land vertically.
Urban Air Mobility (UAM) is capable of reducing traffic
congestion with no emissions and having on demand
service operational in 3D space. eVTOL can hover, cruise
from a standstill without the need of a runway and has the
manoeuvring capabilities of an aircraft giving it an edge
over traditional aircrafts and copters. The project aims to
achieve the transition from vertical take-off to horizontal
cruising by swivelling of rotors and the transition is
seamless. Initial take off will be achieved purely from the
thrust generated by the rotors. The horizontal cruising will
be achieved by the combination of lift provided by wings
and the thrust generated by rotors. The stability of the
aircraft can be tested by applying the mathematical model.
The project aims at achieving the concept by various
formulations which will be vital for the coming generation
of electric mobility vehicles. The project aims to provide
solution to the problems caused by congestion on the road
which is a hinderance to ambulances as they become
inefficient in providing timely emergency medical services
to passengers because of the delay.

Keywords — eVTOL, electric planes, drones, emobility, electric vehicles, flight control system, flight
dynamics, vertical take-off and landing.
INTRODUCTION
eVTOL-Electric vertical take-off and landing and
refers to aircraft that can take off, hover, cruise and land
vertically. eVTOL can hover, cruise from a standstill
without the need of a runway and has the manoeuvring
capabilities of an aircraft giving it an edge over
traditional aircrafts and copters.
The transition from vertical take-off to horizontal
cruising is achieved by the swivelling of rotors and the
transition is seamless. Initial take off is purely from the
thrust generated by the rotors. The horizontal cruising
is achieved by the combination of lift provided by
wings and the thrust generated by rotors.
The swivelling of rotors is controlled by the
Electronic Speed Control (ESC), KK 2.1 Flight
Controller using OpenAero VTOL software, Li-Po
battery.
PROBLEM DEFINITION
Increasing congestion on roadways results in
unnecessary consumption of tremendous man-hours
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spent on daily basis in cities around the world.
According to a study conducted by IIT Delhi around
250,000 litres of petrol is wasted on daily basis in New
Delhi itself. That results around $10 billion annually. If
necessary, steps are not taken to tackle the problem a
60% increase in fuel wastage could be observed by
2030. On an average 33% of CO2 emissions is a byproduct of transportation, of which a whopping 80% is
resulted from cars and trucks traversing on the
roadways.
• Keeping in mind the skyscraper model, as it made
possible for multiple homes to be accommodated
in concise space, so willair taxis help in curb
traffic. They will help explore the threedimensional space effectively, thus reducing
traffic congestion.
• The route-based overcrowding is made less

predominant as the eVTOLs can travel on a
geodesic path. Lots of hard work by various
companies is being put forth by developing
gamut of designs to make intercity air travel
a possibility. The eVTOLs have zero
emissions during operations as they use
electric propulsion. Propulsion using electric
hardware makes eVTOLs have zero
operational polluting emmitants.A agenda to
deliver energy efficient arrival for a multirotor air-cab operating in the required time of
arrival (RTA) constraint is presented in this
report. The eVTOL will meet the RTA and
accomplish most efficient travel path using
the devised multiphase optimal control
problem formulation and numerical solution.
This is of utmost importance considering safe
and efficient future eVTOL operations for
passengers and cargo delivery.

CAD model of eVTOL vehicle

RESEARCH OBJECTIVES
To provide an alternative transport
system to avoid congestion
• To reduce the carbon emissions
• To improve the design of current eVTOL
• Improve aerodynamics
• Seamless transition between take off,
cruising and landing modes
• Efficient circuitry and improved battery
utilisation
• Improve passenger safety
SCOPE OF THE PROJECT
Impressive efﬁciency enhancements are conceivable
using circulated electric drive (DEP) innovation since
it empowers ﬁxed-wing VTOL flying machine to give
lift far higher efﬁciency than rotors, particularly in
voyage stage. The utilization of DEP, controllers, and
an excess battery transport engineering maintains a
strategic distance from the issues of cataclysmic motor
disappointment by having full drive framework
repetition.
•

The task intends to accomplish the change from
vertical take-off to level cruising by swiveling of rotors
and the progress is consistent. Beginning take off will
be accomplished simply from the push produced by the
rotors. And afterward, the scientific model of the
eVTOL flying machine is applied to test soundness.
The venture targets accomplishing the idea by
different details which will be essential for the coming
age of electric versatility vehicles. The undertaking
intends to give answer for the issues brought about by
blockage out and about which is a hinderance to
ambulances as they become wasteful in giving
convenient crisis medicinal administrations to
travelers as a result of the postponement.
Extent of the ventures incorporates long range eVTOL
with full abilities taking into account the requirements
for long range bury city business drives and taking into
account crisis drives. The eVTOL likewise has an edge
over traditional airplanes as it has better moving
abilities.
THEORITICAL ANALYSIS
(Vehicle Model)
Components
The division of the vehicle parts into five segments is
in particular: battery, structure, aeronautics, electrical

framework and rotors. The suspicion of the basic model
is an unfilled weight portion comparative with the most
extreme drop weight; battery speciﬁc vitality, measures
the battery and speciﬁc control is expected by the
battery model. To maintain a strategic distance from
current spikes at least battery charge and furthermore to
improve battery life, 20% of the battery vitality is
undiscovered (in any event, for saves). A consistent an
effective conveyance of intensity from the batteries in
both journey and drift mode is finished by the electrical
framework; If the vehicle self-sufficiency is enacted, at
exactly that point the flying model is utilized (talked
about in Section IID), and on the off chance that float
the rotor model is utilized. The structure and battery
contain their very own weight models; the heaviness of
the rest of the parts are considered as unfilled weight.

Weight estimation of the
Evtol vehicle.

As per the approximate weight derived for the eVTOL
and selecting the motor – Turnigy D2836/8 1100kv we
selected the standard propeller 10 x 4.5 propellers.
From the data sheet provided by the motor’s
manufacturer, about 1308 gf of thrust is produced from
single propeller. Hence a 3:1 thrust to weight ratio is
attained as thrust from 2 propellers results in 2616 gf.
Cruise Performance
The range and continuance of an electric air ship in
the voyage can be figured an electric air ship that
is cruising, the range and perseverance is processed
utilizing conditions 1 and 2 separately:

In journey, L/D is the vehicle lift-to-drag proportion,
Battery vitality is indicated by C, Vehicle weight is
signified by W and the cruising speed is meant by V.
The result of electric and propulsive eﬃciency is
equivalent to η which is the framework effectiveness.
Misfortunes because of the controller, wires and
engines are considered in Electrical eﬃciency; In both
drift and journey about 90% proficiency is accepted.
Propeller eﬃciency is equivalent to propulsive
eﬃciency which is thought to be 85% in a propellerdriven air ship.
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Hover Performance
Push equivalent to vehicle weight is required from
the rotors in float mode; In request to create this
push the ability to be conveyed is to be determined.
An end product of the actuator-circle hypothesis is
actualized for the rotor model intended for the
venture. The eﬀects of sharp edge proﬁle drag and
non-uniform downwash are included. The rotor
push coeﬃcient is deﬁned:

The Rotor push coeﬃcient is given by CT, the push
created by the rotor is given by T, the air thickness
is signified by ρ, the rotor tip speed is VT and the
rotor plate zone is given by A (πR², where R is the
range of the rotor). The coefficient of intensity is
deﬁned in:

The power coeﬃcient is signified by CP, while the
power expected to turn the rotor is given by P. CP
is identified with the perfect and proﬁle control
coeﬃcients through:
CP =
kiCPi
+ CPp
CPi
=0.5C
3/2

T

CPp
=0.25
sCd0
The perfect power coeﬃcient is given by CPi.
Disregarding the profile drag and considering curved
sharp edge lift circulation the CPi is equivalent to C_p.
The incited power calculates results non-uniform lift
circulation, while the coeﬃcient of proﬁle drag CPp
represents proﬁle drag. The rotor strength is
characterized by S.
The rotor cutting edge territory is meant by Ab. The

result of normal cutting-edge harmony c, the quantity
of edges B, and sharp edge sweep R is equivalent to
Ab. FOM (Figure of legitimacy) is deﬁned as the
perfect power partitioned by the genuine power
required in float mode. It very well may be registered
utilizing:

Torque is required for calculating noise but is not
required by the optimization model. It relates torque
Q and torque coeﬃcient CQ:

Power coeﬃcients and Torque are equal. At long
last, Lift that is applied consistently over the edge
length gives a similar push as the all-out cutting
edge is the rotor mean lift coeﬃcient. Cl is the
Rotor mean lift coeﬃcient which can be
determined utilizing:

Rotor tip speed relies upon the plans. As far as possible
on tip speed is a cutoff on the tip Mach number, while
a lower limit is set by restricting the edge mean lift
coeﬃcient. Calculations are accomplished on a for
each rotor premise. The qualities utilized for (ρ) air
thickness and (a) speed of sound are that of Standard
Ocean level. Utilizing test information from Bagai and
Leishman, the rotor streamlined model was supported.
The information was gotten utilizing a progression of
trials directed on a four-bladed model helicopter rotor,
with a range of 32.5 inches and strength of 0.098.

The tilt rotors will be used to control the pitch and the
yaw during flight. It is important to set the pivot of the
tilt rotors such that the thrust is slightly behind the
center of gravity. This ensures a larger moment around
the center of gravity which delivers increased pitch
authority.
Electronic configurations
The VTOL flying machine framework can be isolated
into two sections, the flight mode and the VTOL mode.
The flight mode framework is depicted by the section
in red and the VTOL framework in green. There are six
engines that must be utilized in the former section.

commonly opposite to one another.
The movement of the body decides its kinematics
without considering the powers that reason this
movement. The geometrical part of the movement is
delineated based on structure of the Newton's condition
of movement.
The first two servo motors are used for aileron (roll
control). The second two servo motors are used to
control pitch and yaw that is ruddervator. The servo
motors at the last are connected to ESCs and battery.
The brushless motor drives the left and right-side
propellers. Also, since the ESC is connected to the
servo motor, the rear side propellers can be driven by it
too. This overall can help in maneuvering the aircraft.
Figure: 1 portrays the block diagram of our VTOL
aircraft system.
In a vision-based control system, we use Raspberry Pi3,
Raspberry Pi Camera, 433MHz RC module
(transmitter and receiver) and Arduino UNO board.
The first step is that the Pi camera takes photos and
sends it to the Raspberry Pi board to make image
processing. The 433 MHz transmitter module transmits
a signal by using Pi Board on sensing the target.
Meanwhile, the 433 MHz receiver module at the
ground, receives the signal and thereby the Arduino
UNO Board sound alarms are triggered. By this method
the user judges the best time to land. Hence he now
commands to land via RC transmitter and performs
landing.
A body fixed organize framework is utilized for
composing the conditions of movement for a flight
vehicle. It's generally helpful to pick the vehicle's focal
point of mass as the inception of this framework.
Given that the entirety of the tomahawks lies in the
plane of evenness of the plane - X-hub focuses forward,
Y-pivot indicates out the conservative, and Z-hub
focuses downwards; with all tomahawks being

Following are some basic aviation terminologies that
must be known for constructing an aero plane model:
• Aileron – It is a hinged piece that is responsible for
controlling the rotation of plane in the Y-axis viz.,
side to side rolling motion.
• Flaps – This part is hinged on the edges of the wings
used to lower the plane’s speed when landing and
also to adjust the amount of lift a wing generates
pushing the nose of the plane up.
• Elevator – This is a hinged piece that is responsible
for controlling the rotation of plane in the X-axis viz.,
up and down pitching motion.
• Rudder - The hinged part on the rear of the plane
attached vertically which controls rotation in respect
to the Z-axis viz., left to right yawing motion.
• Push Rods – The metal push rods link the control
surfaces to the servo motors. They are located
throughout the fuselage and are used to control the
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elevator and rudder.
• Chord – It is the width of the wing from the front
most edge to the back end.
Trajectory Optimization
The longitudinal flight elements for the eVTOL are
considered decoupled from the parallel flight
elements simultaneously as the eVTOL has following
two properties:
i) Symmetrical wing structure
ii) Symmetrical position of rotors about the
longitudinal pivot; like fixed wing for air ship and
quadrotors separately.
Thus, the decoupling rationale utilized by the
experimentalists for a traditional flying machine
rotorcraft and quadrotors are likely to be relevant for
the aircraft also. Hence, following assumptions are
considered:
i) Geodesic way is pursued for sidelong direction
ii) The vertical direction comprises of various little
stages – rising, cruising, changing and plunge.
Here to break down the vitality effective defer
assimilation while airborne, just a little part of the
voyage stage is mulled over. Though the change
stage includes couple tilt of rotors and wings for
easy progress from journey speed to floating mode
for the vertical plummet according to the idea of
activity of Airbus Vahana. Here in this stage, the
changing happens in a unimportant time with
insignificant mechanical vitality misfortunes.

similarity for direction streamlining with fixed last
time.

Cruise Flight Dynamics
Cruise Phase:
A) Path Constraints
Following are the way imperatives for the pair tiltwing eVTOL flying machine in the journey stage
as pursues:
i) Assuming the journey stage comprises of
consistent level ﬂight fragments:
ii) Lower and upper limits on the journey speed:

iii) Lower and upper limits on the journey speed:
B) Drag Model
The pair wing-tilt of the aircraft depends on particular
drag polar with a range efficiency factor (e) of 1.3.
Thus, the drag model here is based on the Airbus
Vahana's drag model as pursues:

Following subphases of progress stage:
i)
ii)
iii)

Deceleration for plunge
Reaching drift speed and
Hover over the vertiport at journey height

The plunge stage contains vertical drop and, in this
way, just the velocity profile of the aircraft is open
for improvement. Anyway, from the appearance
time imperative has been forced on the eVTOL air
ship, the calculation of a velocity profile for the

The voyage execution of the pair tilt-wing eVTOL air
ship depends on a customary quadratic drag polar with
a range efﬁciency factor (e) of 1.3. The drag model
utilized in this exploration depends on Airbus Vahana's
drag model as pursues:
where AR is the proportionate viewpoint
proportion of the eVTOL flying machine.
CD0 = (CD0)wing + (CD0)fuselage..................... (11)
where CD0 is the general parasite drag coefﬁcient
dependent on the lumped drag model.

where L is the lift, CL is the coefﬁcient of lift and
V is the genuine velocity.

where D is the net drag, AR is the aspect ratio and
e is the span efﬁciency.
AEROFOIL DETAILS :

Transition Flight Dynamics
The eVTOL is expected to decelerate from journey
speed to drift at a steady height in the progress stage.
In this way, the progress stage comprises of
deceleration of the eVTOL to which float follows
over the vertiport at the voyage elevation. For this
venture, following things have been expected:
i)

Rotation of wings and rotors from journey
conﬁguration to vertical plummet
conﬁguration takes insignificant time
span.

ii) Deceleration of the eVTOL air ship
happens just because of the
streamlined drag.
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In this way, the conditions of movement in the progress
stage are given by:

Transition Phase :
A) Path Constraints
The path constraints in the transition phase are
as follows: Assuming constant flight

level segments in transition phase:
i)

Lower and upper bounds on the cruise speed:
drag, and drive models accepting semi enduring

and consistent elevation of the flying machine. The
Plot

Reynolds
number
50,000
1,00,000
2,00,000
5,00,000
10,00,00
0

9
9
9
9

Max Cl/Cd (at
angle of attack)
7.4 at 9
48.4 at 9
71.1 at 6.5
97 at 5.75

Mach
number
0
0
0
0

9

119.4 at 5.5

0
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C) Power Consumption Model
The power utilization model by DEP of the eVTOL
flying machine in journey stage is gotten from the
standard lift,

condition
0 ≤ V ≤ Vmax
Cruise (22)

overseeing the power utilization by DEP of the pair
tilt-wing eVTOL air ship in voyage stage is as per the
following:
where T is the force given by DEP of the eVTOL,
(ηprop) is the efﬁciency of the propeller, is the point
between the stramlined velocity and force vector and V
is the true speed of the aircraft. Also, DEP in journey is
given as:
I. Drag Model in Transition Phase
It is also presumed that the net drag is the resultant
of the parasite drag on the wings of the eVTOL and
the fuselage. Therefore, the net drag on the aircraft
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is formulated as follows: where CD = 1 and Sref - is
the instantaneous equivalent ﬂat plate area of the
wings (combined) during the rotation of wings
(transition phase).
B) Power Consumption Model

Again, the net drag is the resultant of the parasite drag
on the wings of the eVTOL and the fuselage. Thus, it is

The utilization of intensity by DEP of the pair tiltwing eVTOL flying machine on the move stage
which is deceleration and drift (expecting DEP
creates vertically upward push) is determined as
pursues:

where,
T
→
net thrust produced by DEP of
the eVTOL, ηprop →
efﬁciency of
the propeller
vh →
induced velocity in hover.
Using momentum theory, the induced velocity (vh)
in hover is given by:
where Ti is the pushed delivered by the ith rotor, An

is the rotor plate territory (R2), R is the sweep of the
rotor and is the thickness of the air. In this
exploration, during the revolution of wings and rotors
from journey to plummet mode, the mechanical
vitality misfortunes have been disregarded.
Consequently, the complete vitality devoured
(Etransition) by DEP in the change stage is given as:
Etransition
Vertical Descent Flight Dynamics:

calculated as:
Airbus Vahana: Tandem tilt-wing conﬁguration
during the descent phase.
The equations of motion during the vertical descent
for the tandem tilt-wing eVTOL aircraft are as
follows:
The power taken by DEP in descent phase is as
follows:
where,
T

→

net force produced by the eVTOL.

Hence, the total energy which is consumed by DEP
during the vertical descent phase is given by:
Edescent

……..(34)

Phase links
where,
h
→
altitude of the
centre of mass T
→
net thrust
D → parasite drag
Ti → thrust produced
by the rotor m →
mass
V
→ true airspeed
W → weight
of the
0
eVTOL aircraft g
→
acceleration due to
gravity.
Path Constraint in Descent :
The descent phase has following path constraints
where,
vh → induced velocity in hover.
Descent Phase :

A) Drag Model

The 3 phases in the trajectory are linked to each other
with the adjoining phases by a set of linkage conditions.
Thus, the problem is subject to constraints of phase
linking on the
state variables (X) as:
Xphase-1(tfphase-1) = Xphase(t phase 0) …….(35)
Performance Index
For the optimization of the vertical trajectory, the
polyphase control problem is stated. This is given

by the performance index as:

J=

…….(36)

where,
i → ith rotor
Pi → power consumption by the ith rotor
N → vertical ﬂight phase (N = 1 for cruise,
N = 2 for transition and N = 3 for descent
(arrival)).
Methodology and Implementation
An improvement apparatus was created to lead a
top-level exchange study between the different
conﬁgurations, just as to decide sensitivities. The
device is planned as a geometric program (GP), a
sort of compelled streamlining issue. Geometric
programs necessitate that the target capacity and
imperatives be presented in a unique structure.
Consequently, they oﬀer amazingly quick
comprehend times, require no underlying theories,
and assurance an all- around ideal arrangement.
Some key vehicle parameters, for example, void
weight division and battery vitality thickness, are
held consistent between vehicle conﬁgurations.
Different parameters, for example, cruising speed,
voyage lift-to-drag proportion, and drift circle
stacking, are changed between conﬁgurations,
utilizing delegate esteems for a given conﬁguration.
Be that as it may, in this examination, streamlining
is utilized rather than size. Rather than accepting a
ﬁxed vehicle weight and discharge weight portion,
at that point registering the range, this work expects
a ﬁxed void weight part and strategic, at that point
figures the necessary vehicle weight during the
streamlining procedure. This implies all
conﬁgurations have a similar range, empowering
correlations between them.
Tools Required
•
•
•
•
•
•
•
•
•

Solidworks
MATLAB
ANSYS
Autodesk Fusion 360
Simscale
Arduino IDE
Raspbian
3-D printer
Laser cutting

Material
•
•
•
•
•

Raspberry pie-3
KK 2.1 Flight Controller
ESC- Electronic Speed Control
Transmitter Receiver 433 Mhz
Servo Motor

•
•
•
•
•
•

Li-po battery
Balsa Wood
Foam
Aerofoil
Propeller
Flight Controller

Expected Outcomes
•
•
•

Fully functional eVTOL model
Successful transition between take off,
cruising and landing of eVTOL by
swivelling of rotors.
To achieve maximum possible flight
range.

CONCLUSION
The undertaking will in the end bring about an
undeniable working model of eVTOL with takeoff and
push abilities getting the job done to the issue
articulation as referenced before in theory.
These proposal plans to accomplish the change from
vertical take-off to even cruising by swiveling of rotors
and the progress is consistent. Beginning take off will
be accomplished absolutely from the push produced by
the rotors. The flat cruising will be accomplished by the
mix of lift gave by wings and the push created by rotors.
Right off the bat, the airplane configuration is used for
eVTOL mode and later the scientific model is applied
to test soundness.
The task targets accomplishing the idea by different
details which will be crucial for the coming age of
electric versatility vehicles. The undertaking expects to
give answer for the issues brought about by clog out
and about which is a hinderance to ambulances as they
become wasteful in giving auspicious crisis therapeutic
administrations to travelers in light of the deferral.
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I. INTRODUCTION
Today, pandemic situation is going on so, in
order to maintain hygiene and to keep ourselves
clean and free from getting infected by COVID19, we use sanitizer. To avoid the contact of our
hand with the nose of hand sanitizer we came
with the solution i.e. ‘Foot Operated Hand
Sanitizer Machine’. It is very easy to use product
that can be used in various localities.

holes drilled in the pipe, it ensures the principle
of hook’s law which means the more you stretch
a spring, the greater the force you need to pull it.
Finally, the nozzle of the dispenser gets
compressed and the sanitizer or rather any liquid
which present in the dispenser will come to your
hand. Hence, we convert kinetic energy into
potential energy of our foot to get required
product.

II. MATERIALS
I.
II.
III.
IV.
V.
VI.
VII.
VIII.
IX.

2PVC pipes
5 L shaped brackets
Wooden Plank(20cm*20cm)
Wooden Plank(4cm*3cm)
1 hinge, sanitizer dispenser
1 metre galvanised wire
Screw drivers
Pliers
Screws
III. MECHANISM

The Model consists of a wooden pedal which is
responsible for creating tension in the
galvanised wire which is attached to it by a
round hook which is subsequently attached to
the pedal. It is made sure by the galvanised wire
that it will never taut and should always be in
tension. PVC pipes are hollow and attached to
base with L brackets which makes the
movement minimal. It is made sure that the
smaller pipe which is fitted at the top of pipe has
smooth movement operation and it is immersed
up to only ¾th of its length. With the help of
elasticity of a tight rubber band attached to the

IV. Applications
Keeping the view of the entire current situation,
the machine made hereby can dispense sanitizer
to meet the requirement of “Donning and
doffing areas” in hospitals treating COVID-19
patients and quarantined places.
The sanitizer is placed as long as users keep their
foot depressed on the wooden pedal. This is
unlike other devices which are timer based and
dispense fixed quantity of sanitizer.
This device is not just effective but its cheap and
sleek. It does not require a lot of space and it can
be designed easily by modifying its dimensions.
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Because of its usefulness and sleek design, it can
be employed to every place where people work
like schools, hospitals, malls, office etc.
V. FUTURESCOPE
We can modify this device in 2 phases:
Phase 1:
1] Apply sensor near nozzle to dispense liquid
automatically
2] Use the proper spring instead of rubber to
increase the tension and make it more robust.
3]Minimize the movement of dispenser by
mounting a stand below it.
Phase 2:
1] Automatic filling of dispenser via a liquid
tank with suction mechanism.
2] Build a bigger model which include a shower
and tank at the to sanitize complete body.
VI. Conclusion
With the spread of COVID-19 virus, the world
is more chaotic than one would want. There are
people that are too scared to even get out of their
houses and there some who with no regard for
sanitization. In this pandemic era, we desire to
deal with some of this chaos. The solution we
came up that provides comfort to the scared and
purpose to ignorant and the solution we came up
i.e. FOOT OPERATED HAND SANITIZER
MACHINE.
Although it appears as easy solution if employed
it will go a long way as it is cheap and can be
made easily by anyone.
VII. References
1. https://www.youtube.com/watch?v=0CKkZ
gcoSvo&t=1s
2. https://www.youtube.com/watch?v=4uF6U8
J32cw&list=LLHtRKhFYN1sPH2sN9IVue
wQ&index=8&t=70s
3. https://www.skillreporter.com/2020/05/new
s/skilldevelopment/iti-berhampur-comes-upwith-all-new-foot-operated-sanitizermachine-starting-at-rs-499/
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Abstract—Digitization and intelligentization of the
manufacturing process is the need for today’s industry.
The manufacturing industries are currently changing
from mass production to customized production. The
rapid advancements in manufacturing technologies and
applications in the industries help in increasing
productivity. The Industry 4.0 trend is pushing the
evolution further, because of both evolutions in the
visualization technologies and integration with other
smart factory solutions. The recent development in 3D
technologies is bringing new opportunities for
optimizations in aerospace manufacturing. The objective
of the paper aims to provide an overview on Virtual
manufacturing, its importance and how it will change the
future scenario in the Aerospace industry.
Keywords—Aerospace, Advanced
Digitalization,
Evolution,
Industry
Manufacturing, Virtual reality.

I.

Technologies,
4.0,
Smart

INTRODUCTION

Production is a very important part of the economy
and is a medium-term activity that combines product,
process, and resources. Competition between
industries is getting stronger and more challenging in
the current economic climate of globalization.
Therefore, in order to adapt to the rapidly changing
market needs and winning conditions, today's
productive businesses have to solve TQCS queries
(reduced processing time, best quality, very low cost,
efficient service). Nowadays the industrial world is
making drastic changes as products become more
complex, processes are more advanced and use less
technology and basic technology as market needs.
The competitive advantage in production has shifted
from the archetype of mass production to something
based on rapid response and flexibility. [1]

Fig No 1: Virtual Manufacturing Source:
Indiamart
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II.

WHAT IS VIRTUAL MANUFACTURING?

The term Virtual Manufacturing(VM) is now
widespread in literature but several definitions are
attached to these words. First we have to define the
objects that are studied. Virtual manufacturing
concepts originate from machining operations and
evolve in this manufacturing area. However one can
now find a lot of applications in different fields such
as casting, forging, sheet metalworking and robotics
(mechanisms). The general idea one can find behind
most definitions is that “Virtual Manufacturing is
nothing but manufacturing in the computer”. This
short definition comprises two important notions: the
process (manufacturing) and the environment
(computer). VM is defined as “manufacture of virtual
products defined as an aggregation of computer based
information that provides a representation of the
properties and behaviors of an actualized product”.
Some researchers present VM with respect to virtual
reality (VR). On one hand, in VM is represented as a
virtual world for manufacturing, on the other hand,
one can consider virtual reality as a tool which offers
visualization capabilities for VM. The most
comprehensive definition has been proposed by the
Institute for Systems Research, University of
Maryland, and discussed in Virtual Manufacturing is
defined as “an integrated, synthetic manufacturing
environment exercised to enhance all levels of
decision and control”.[2]
III.

TYPES OF VIRTUAL MANUFACTURING (VM)

Virtual manufacturing can be categorized into two
groups according to the [1]
A.Type of Product and Process Design:
• Design-oriented Virtual Manufacturing
During the design phase the VM focused on
construction provides production details to the
design engineer. Parts or all of the machine has
been modified and tested to test the performance
and strength of assembly. The purpose is to
increase product design and design process
through production simulation to achieve
production objectives such as Design for
Assembly (DFA), quality, flexibility.
• Production-oriented Virtual Manufacturing
Simulation technology is used in planning
production or in new process models to evaluate
and improve production processes based on
Integrated Product Process Development and to
test the order and production flow of the process.
• Control-oriented
Virtual
Manufacturing
Analysis technology is used to control models to
simulate production line production operations
or workshops to obtain complete control based
on real models and processes.

B.Type of System Integration:
• According to the definitions proposed by Onosato
and Iwata, every manufacturing system can be
decomposed into two different subsystems: ·
Real Physical System (RPS) An RPS is
composed of substantial entities such as
materials, parts and machines that exist in the
real world.
• Real Informational System (RIS) An RIS involves
the activities of information processing and
decision making.
• Virtual Physical System (VPS) A computer
program that mimics the answers of a real
physical system is a visual physical system,
represented by a factory model, a product model,
and a production process. Production process
models are used to determine the interaction
between the factory model and each product
model.
• Virtual Information System (VIS) A computer
program that mimics RIS and generates RPS
control commands is called a 'virtual
information system (VIS).
IV.

BENEFITS OF VIRTUAL MANUFACTURING

Virtual Manufacturing builds confidence in
producers by being able to deliver quality products
that will be marketed during and during the initial
investment. The benefits of VM from a product
perspective, will improve product quality, reduce the
number of body model models, allow more
comparisons of production products, facilitate product
design and processes. And from a production
perspective, it will improve process confidence,
reduce material waste, reduce tool costs, lower
production costs and improve production processes.
Launching VM offers several benefits such as
ensuring high quality tools, short cycle production
time without false startups, and increasing the design
and production of a better production system, greater
product flexibility, faster customer feedback on
investment impact and improved delivery system, and
customers.
V.

DRAWBACKS IN VIRTUAL
MANUFACTURING

First, setting up a VM system requires a huge
investment of material resources, simulation software
and people. With regard to the availability of
simulation models, each time at each level a new
model should be developed even though the previous
model has already been developed. Thirdly, the
compatibility of VM software with hardware is
essential for better performance as software relies on
the latest IT technologies. Considering the issues
mentioned above, several hot topics are raised in the
VM research area: On human-computer interfaces
users expect to interact with a computer in a humanlike manner. Improving not only graphical
integration but also text combination, voice, visual
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interface is required. Any type of planning work can
be supported and improved by imitation. The goal to
be achieved is to use a combination of simulation
programs in planning and construction tools so that
the benefits can be achieved with minimal effort.
Computer Aided Design (CAD) data should be
influenced by the automatic production of simulation
models. The goal is to automatically create
simulation models that are ready for CAD data
extraction for more information. Using the flexibility
of the CAD model is a necessity instead of building a
completely new CAD model. A major setback is a
combination of real and simulated computer
hardware in machine tools and the development of a
production system known as Hybrid System
Simulation. The actual devices, such as the machine
controller, will be connected to a machine-made
model to test the operation of the machine during
production. The purpose of Virtual Prototyping is to
move closer to the most reliable and accurate
simulation models, capable of realizing virtual reality
under static and dynamic conditions. The function of
a VM is to integrate the results of various types of
simulations to predict the virtual reality of a machine
tool, tool and operation during the mechanical
process. [1]
VI.THE FUTURE IN AEROSPACE INDUSTRY
Virtual Production in the aerospace industry is used
in FEA to design and expand components, e.g.
reducing the weight of the frames with integrated
construction, in imitation of 3D-kinematics arranging
automatic riveting equipment and other functions that
address the unpopular reality of taxpayers we see to
support complex and service functions (the employee
sees the necessary details within his mirrors). The
simulation of human activities by mannikins allows
for a description of the visual environment of
meeting, retention and training activities. The latest
developments in more and more complex reality
promise new applications in aircraft manufacturing.
The ability to resist and / or mix digital jokes with
real physical objects (such as a jet sling, or parts from
a supplier) will bring new immersion power to the
building. This will bring more flexibility to
construction, stronger integration with suppliers and
a continuous manufacturing process.

Fig no 2: Augmented Reality in Aerospace [7]
VII.AEROSPACE AT THE FOREFRONT OF 3D
DESIGN

The aerospace industry has been at the forefront of
the adoption and construction of 3D design. These
technologies bring benefits that are well suited to the
needs of the domain and lead to significant gains in
productivity. The introduction of CAD solutions in
the 1980s had a huge impact on the aerospace
industry by accelerating the construction of aircraft.
It has also enabled significant gains in design
complexity leading to more efficient solutions. This
affects both the performance of the aircraft and the
production process itself (reducing material
consumption and cost). These changes are especially
welcome in the aerospace industry because of the
importance of design (which is very important in
aircraft operations) and the high cost of production
and production methods.
The use of 3D technology in Aerospace is
increasingly growing beyond the original product
design and has an impact on the entire production
process. This brings significant production benefits,
but also requires data consolidation efforts and
common goals.

Fig no 3: 3D Printing [8]
VIII.CONCLUSION
Now-a-days almost every industry is reshaped thanks
to up-to-date technological advances, such as virtual
manufacturing, or artificial intelligence, and
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aerospace industry is no exception. It now appears
that VM will stimulate the need to design both for
manufacturability and manufacturing efficiency.
Aerospace enterprises that integrate virtual
manufacturing solutions into their product and
process validation methods can expect massive time
and money savings associated with physical
prototyping, not to mention costs avoided when they
can evaluate part and component production in
advance.
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Abstract - Owing to its many benefits Additive

Manufacturing has become a recent trend in
production processes. It can be defined as the
process of producing parts through the deposition
of material in a layer-by-layer manner. It has been
a topic of intense study, review and research. The
evolution of Additive Manufacturing over the years
and its applications are reviewed in this work. This
is purely a review paper which is meant to study
the following topic and develop a clear
understanding of the same so that further some
more research can be done on the same.

namely, subtractive, additive, joining, dividing and
transformative.
•

Keywords

—
Additive
Manufacturing,
Subtractive
Manufacturing,
Hybrid
Manufacturing, Part Orientation, Cost Models,
Virtual
Manufacturing,
Concurrent
Engineering, Parallel
Processing, Dynamic
Interaction.
INTRODUCTION:

•

Manufacturing Processes:

The innovative and cutting edge research activities
associated with manufacturing processes, materials
and product design contributes to the evolution of
industries in any economy. The market competition
in current production industries is linked to products
that are complex, possess shorter life cycles, have
shorter time of delivery, involve customization and
require less number of highly skilled workers. In
fact it is very complicated and challenging to design
the current breed of products. Accordingly, there is
strong tilt towards the design, development and
implementation of new and indigenous methods of
manufacturing process. Manufacturing Process can
be broadly classified into five major categories,

•

•

•

Subtractive Manufacturing Technology

can be defined as a method in which layer of
the raw material is removed to produce a
desired product. And over last 20-30 years the
subtractive manufacturing technologies have
under gone a tremendous change. The
introduction of three-dimensional (3D)
complex surface modelling software has
replaced the traditional code generation such as
G and M codes. Unlike the Computer
Numerical Control (CNC) machines of
decades back the new lineage of CNC
machines is highly automated based upon the
integration of computer-aided manufacturing
(CAM) / computer-aided design (CAD)
systems.
Additive Manufacturing is based upon
adding of selected material layers to produce a
desired product.
Joining Technology like welding is based
on joining two work-pieces together in a
desired manner to get a desired shape and
product
Dividing Technology like sawing, cutting is
the opposite of joining the work-pieces are
separated in a particular manner to get the
desired shape and design
Transformative Technology like heat
treatment, quenching uses a single works piece
to fabricate another work piece with the same
mass by some transformative processes
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I.
ADDITIVE MANUFACTURING:
Additive manufacturing (AM) can be appropriately
described as a technique of blending materials
together. The different techniques that are used for
additive manufacturing processes includes fusion,
binding, or solidifying materials. It makes the use of
3D CAD modeling to build the parts in a layer-bylayer fashion. AM can be described by using some
terminologies such as 3D printing (3DP), rapid
prototyping (RP), direct digital manufacturing
(DDM), rapid manufacturing (RM), and solid
freeform fabrication (SFF).
To get a more clear idea from the basics we can
review these terminologies in brief
3D Printing: 3D Printing is the most popular and
integral method of additive manufacturing, it is a
process of construction a 3D model from its CAD
Model. It can be very easily used to make models of
highly complex geometries which is one of the
major advantages of 3D Printing and Additive
Manufacturing over the traditional subtractive
manufacturing processes.
Rapid Prototyping (RP): Rapid Prototyping
constitutes of a group of processes that are executed
in order to generate a 3D product from a CAD
model. Rapid Prototyping is also very extensively
used and also has been proved of benefit in software
engineering to study and analyze different business
models and in some fields of application
architecture such as aerospace, automotive, product
development and healthcare design.
Direct Digital Manufacturing (DMM): Direct
Digital Manufacturing is the use of a computer
based system, integrated with simulation, modelling
3D visualization and analytics of a part. Digital
Manufacturing Processes uses and creates a link
between system and all the areas of production.
Rapid Manufacturing (RM): Rapid Manufacturing
is just another word for Rapid Prototyping.
Solid Freeform Fabrication (SFF): Solid Freeform
Fabrication process are the processes that allow
ceramic bodies to be directly manufacturing from a
CAD Model.
Overview of AM Processes:
AM processes fabricates components using 3D
computer data or Standard Tessellation Language
(STL) files, which contains the necessary
information regarding the geometry of the object
which is to be produced. When low production
volumes, frequent design changes, and high design
complexity are required then AM is very useful
approach. It overcomes the design constraints of the
traditional manufacturing methods and offers a
possibility to produce products with complex design
and orientation. Due to its low accuracy at designs
and long build times as compared to CNC machines
the applications of AM is still limited though having
so many benefits. As it segregates the parts of the
products in cross sections with a resolution equal to
that of the process thus AM does not have the same

constraints as that in the traditional CNC machines.
Although by employing suitable part orientation the
accuracy and build time can be improved.
Optimized part orientation can enhance the accuracy
and diminish the building time and support volume,
which in turn minimizes the part production cost. In
contrast to conventional production processes AM
consists of additional controllable process
parameters and higher active interaction between the
material properties and process parameters.
Depending upon the material preparation, layer
generation technique, material type, phase change
phenomenon and application requirements there are
different kind of AM processes which are used.
The design phase, the processing phase, and the
testing phase constitutes the main three processes of
an AM Technique.

II.

IMPACT
OF
MANUFACTURING

AM

ON

There are many applications of Additive
Manufacturing and its various techniques in the
different core sectors such as producing lightweight
products for the aerospace, automotive, medical,
architectural modeling, and energy industries. These
applications are the ones where low volume
production, high design complexity and the scope to
change the design is frequently needed, in short
these are the applications wherein we have to make
the products customized as per the particular need.
And these are the areas where the additive
manufacturing is becoming the most beneficial as
compared to the traditional manufacturing
processes. However, there are many areas in which
AM still needs a significant development with
regard to design, material selection techniques and
many other methodologies.
Aerospace and automotive industry:
As Aerospace Industry focuses on low volume
production of components that incorporate complex
electronic and mechanical devices and structures
and thus aerospace has shown interest in these
technologies because of its ability to fabricate metal
parts directly using materials such as titanium
(suitable for aircrafts) and the ability to fabricate
complex, high-performance products easily without
any tooling. Also aerospace industry has a long
history of being an early adaptor of pioneer
technologies. Also taking about the automotive
industry, automotive industries rely mostly on the
traditional manufacturing processes for example
manufacturing of an engine block, heavy
components etc. but the industry has also shown a
positive interest towards the additive manufacturing
technologies wherein the spare parts of the
automobiles are now mostly being manufactured
through the AM technology and with the new
research and trends in the AM processes the
industry will adopt its way to us the technique fully.
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Medical industry:
With AM, complex anatomical parts can be
fabricated directly from scanned data which provide
better visualization of specific anatomies. It also
assists in precise pre-surgical planning, aids
surgeons and medical students to practically reenact various surgical procedures, and acts as a
communication tool between surgeons and patients.
The AM Technology has been a boon for the
medical industry especially for the replacement of
the body organs. As the body shape and anatomy of
different humans vary and thus a common
replacement part is not very comfortable in case of
accidents. Example is the Jaipur Foot wherein after
the accident the foot is replaced with a replica model
which does no work other than just providing a
support, but with the help of AM these parts can be
customized and can made according to the patient’s
size and comfortability. And thus if more research is
done on the same it can be of more benefit to the
medical industry.

III.
AM CHALLENGES:
As specified and already learnt, there are numerous
benefits of the AM Technology such as design
flexibility, ability to print complex structures, ease
of use, and product customization that can be
associated with AM. However, as very well said that
every coin has two faces, we must also focus on the
disadvantages and the areas of improvements where
AM Technology is still not matured enough as of
now so that it can be employed in real world
applications. There have been drawbacks,
challenges and areas that need detailed investigation
as well as advanced technological development and
research. The limit on the part size, anisotropic
mechanical properties, building of overhang
surfaces, high costs, low manufacturing efficiency,
poor accuracy, pillowing, stringing, and gaps in the
top layers, under-extrusion, layer misalignment,
over-extrusion, elephant foot, mass production and
limitation in the use materials and many other are
the challenges that need further analysis and
exploration.
IV. VIRTUAL MANUFACTURING:
The concept of virtual manufacturing or which is
also called as virtual factory is to model and
simulate the in use manufacturing systems
including design operations, machining process,
assembly lines and robots in addition to the
products on computers to create, analyze, improve
them by using the technology of virtual reality.
Virtual Manufacturing is a like a simulation-based
method that supports the manufacturing engineers to
design, define, simulate, and visualize the actual
manufacturing process in a computer based
environment. With the
help of virtual
manufacturing, the manufacturing process can be
very efficiently and effectively defined and verified

early in the stage of design process. In addition, the
accurate manufacturing time can be estimated. As
we all know material cost and manufacturing time
constitute of a significant portion of the product
cost. The virtual machining operations such as
milling, turning, and drilling, allows the
manufacturing and design engineers to conduct
machining process planning, generate machining
tool paths, visualize and simulate machining
operations, and estimate the accurate machining
time.
Virtual Manufacturing provides an organization
with the ability to analyze the manufacturability of a
part or product as well as evaluate and validate
production processes and machinery and train
managers, operations and technicians on production
systems. Broadly classified there are three main subcategories of Virtual Manufacturing:
•

•

•

Design – Centered VM provides
information about the manufacturing
process to engineers and designers so they
can optimize products for production
purposes or learn how production issues
might impact product design. They can also
save money by testing 3D product models
and processes instead creating of physical
prototypes. This will not only save money
and time but will also be efficient for the
industry from the consumer as well as the
producer point of view.
Production – Centered VM simulates
manufacturing processes so they can be
tested and optimized way before the actual
manufacturing and thus the result can be
used to plan the further steps of the
production industry.
Control – Centered VM simulates the
controls that are used to run the actual
production processes.

VM can be extended to the use of multiple
manufacturers and suppliers, creating in effect an
effective virtual manufacturing network for
collaborating on production and sharing models and
other types of information. It can also be used to
assess business risks and identify potential
breakdowns in machine tools and other equipment.
The market for specialized VM software consists
mostly of niche vendors that often focus on one
aspect, such as robotics simulation. However, many
vendors of CAD, 3D modeling and PLM software
support the modeling and simulation of a "virtual"
product, process or machine -- sometimes called a
Digital twin -- that is central to virtual
manufacturing.
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FUTURE SCOPE AND CONCLUSION:

Advancements in manufacturing industry depend on
leading edge research associated with manufacturing
processes, materials, and product design. As product
complexity increases, there is a need for new and
innovative manufacturing processes. AM is a recent
trend in production processes because of the many
benefits it provides as well as the challenges it has
to overcome. It has been subjected to intensive
investigation and in-depth review by the research
community. In this work, an brief review related to
AM has been carried out. It helps to improve
geometrical and dimensional error, reduce build
time, and minimize support volume and part
production costs. The staircase effect has been
identified as the most important factor affecting the
part accuracy. Indeed, the staircase effect is directly
proportional to the layer thickness. It has also been
observed that build time, which possess greater
significance in improving productivity, depends on
machine speed, part size, layer thickness, and build
orientation. It has been noticed that there is a need
for the development of an effective and ubiquitous
cost model for the AM. Meanwhile, the costs of AM
can be categorized in terms of material, machine,
manufacturing, and labor costs. The limitations of
AM, such as poor accuracy, surface quality, and low
speed can be overcome when combined with other
manufacturing processes such as subtractive
manufacturing. HM can significantly improve tool
life, speed up material removal rate, enhance
dimensional and geometric accuracy, and reduce
manufacturing times. The primary objective of
hybridization is to overcome the limitations of the
individual processes. In fact, the absence of
Computer-Aided Process Planning (CAPP) systems
restrict proper utilization of additive–subtractive
HM in many industrial applications due to the
complexity of designing system inputs at the design
phase. Therefore, the development of CAPP for
additive– subtractive hybrid systems will encourage
further implementation and increase the application
of AM in the future
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From 1956 to 1974 were the golden years. The
ABSTRACT: This article contains reports from the
programs developed in the years after the Dartmouth
various researches in Artificial Intelligence. It is
Workshop were, simply "astonishing", to most people:
organized by the different research topics. This article
computers were solving algebra word problems,
also contains different application in different field,
proving theorems in geometry and learning to speak
advancement in Artificial Intelligence from 1950 to
English. Few at the time would have believed that
2020 and future scope or future application of
such "intelligent" behaviour by machines was possible
Artificial Intelligence. However, it should be noted
at all. Researchers expressed an intense optimism in
that the individual projects might also be organized
private and in print, predicting that a fully intelligent
around the methodologies and tools used in the
machine would be built in less than 20 years.
research and of course many of the projects fall under
[1]
Government agencies like DARPA poured money into
more than one category . Artificial intelligence is
the new field [18].
finding its way into ever more areas of life. The latest
craze is Artificial Intelligence chips and related
The first AI winter 1974–1980 at that time, AI was
subject to critiques and financial setbacks. AI
applications. However; technology began as early as
researchers had failed to appreciate the difficulty of
the 1950s. The beginnings of modern Artificial
the problems they faced. Their tremendous optimism
Intelligence can be traced to classical philosophers'
had raised expectations impossibly high, and when the
attempts to describe human thinking as a symbolic
promised results failed to materialize, funding for AI
system. But the field of Artificial Intelligence wasn't
disappeared. At the same time, the field of
formally founded until 1956, at a conference at
connectionism (or neural nets) was shut down almost
Dartmouth College, in Hanover, New Hampshire,
[16]
completely for 10 years by Marvin Minsky's
where the term "artificial intelligence" was coined .
devastating criticism of perceptron’s. Despite the
Artificial Intelligence has various applications in
difficulties with public perception of AI in the late 70s,
today's society. It is becoming essential for today's
new ideas were explored in logic programming,
time because it can solve complex problems with an
common sense reasoning and many other areas [18].
efficient way in multiple industries, such as
Healthcare, entertainment, finance, education, etc.
In the 1980s a form of AI program called "expert
Artificial Intelligence is making our daily life more
systems" was adopted by corporations around the
comfortable and fast [1]. Artificial Intelligence
world and knowledge became the focus of mainstream
AI research. In those same years, the Japanese
algorithms have been used for many years.
government aggressively funded AI with its fifth
KEYWORDS: Artificial Intelligence, Machine
generation computer project. Another encouraging
Learning, Cognitive Learning, Higher Education,
event in the early 1980s was the revival of
Human Life, Research, Innovation, and Market
connectionism in the work of John Hopfield and David
Deployment, AI dialogue, theology.
Rumelhart. Once again, AI had achieved success.
As in the early 1980s AI has seen growth but the
INTRODUCTION:
second AI winter hitted the growing AI industry from
1987 to 1993. The business community's fascination
Artificial intelligence (AI) is intelligence demonstrated
with AI rose and fell in the 1980s in the classic pattern
by machines, unlike the natural intelligence displayed
of an economic bubble. The collapse was in the
by humans and animals. Leading AI textbooks define
perception of AI by government agencies and
the field as the study of "intelligent agents": any
investors – the field continued to make advances
device that perceives its environment and takes actions
despite the criticism. Rodney Brooks and Hans
that maximize its chance of successfully achieving its
Moravec, researchers from the related field of
goals. Colloquially, the term "artificial intelligence" is
robotics, argued for an entirely new approach to
often used to describe machines (or computers) that
artificial intelligence.
mimic "cognitive" functions that humans associate
Uptill 1993 to 2011, the field of AI, now more than a
with the human mind, such as "learning" and "problem
half a century old, finally achieved some of its oldest
solving".
1, 2

3, 4
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goals. It began to be used successfully throughout the
technology industry, although somewhat behind the
scenes. Some of the success was due to increasing
computer power and some was achieved by focusing
on specific isolated problems and pursuing them with
the highest standards of scientific accountability. Still,
the reputation of AI, in the business world at least, was
less than pristine. Inside the field there was little
agreement on the reasons for AI's failure to fulfil the
dream of human level intelligence that had captured
the imagination of the world in the 1960s. Together,
all these factors helped to fragment AI into competing
sub-fields focused on particular problems or
approaches, sometimes even under new names that
disguised the tarnished pedigree of "artificial
intelligence". AI was both more cautious and more
successful than it had ever been [18].
In the first decades of the 21st century, access to large
amounts of data (known as "big data"), cheaper and
faster computers and advanced machine learning
techniques were successfully applied to many
problems throughout the economy.
It is claimed that artificial intelligence is playing an
increasing role in the research of management science
and operational research areas. Intelligence is
commonly considered as the ability to collect
knowledge and reason about knowledge to solve
complex problems. In the near Future intelligent
machines will replace human capabilities in many
areas. Artificial intelligence is the study and
developments of intelligent machines and software
that can reason, learn, gather knowledge, communicate,
manipulate and perceive the objects.
1.
LITERATURE SURVEY:
Introduction:
Artificial Intelligence is the science of making
machines do things that would require intelligence if
done by man. The concept of intelligence refers to the
ability to plan, reason and learn, sensing and building
some kind of perception of knowledge and
communicate in natural language. So, in this paper we
have provided with the data of the past and the recent
advancements in history of Artificial Intelligence and
the applications of AI in different fields and areas.
Background Study:
Maad M. Mijwel [1] (2015) Artificial intelligence is
finding its way into ever more areas of life. The latest
craze is AI chips and related applications on the
smartphone. However, technology began as early as
the 1950s with the Dartmouth Summer Research
Project on Artificial Intelligence at Dartmouth

College, USA. The beginnings go even further back to
the work of Alan Turing - which goes back to the
well-known Turing test -, Allen Newell and Herbert A.
Simon. With the chess computer Deep Blue from
IBM, which succeeded in 1996 as the first machine to
beat the then-reigning chess world champion Garry
Kasparov in a match, the artificial intelligence
managed to get into the focus of the world public. In
data centers and on mainframes, AI algorithms have
been used for many years.
Pooja Agarwal [2] (2013) proposed that the academic
roots of AI, and the concept of intelligent machines,
May be found in Greek Mythology. Intelligent
artifacts appear in journalism since then, with real
mechanical devices actually indicating behavior with
some degree of intelligence. After modern computers
became available following World War-II, it has
become possible to create programs that perform
difficult academic tasks. The study of logic led
directly to the discovery of the programmable digital
electronic computer, based on the work of
mathematician Alan Turing and others. .
Mariam Khaled AlSedrah [3] (2017) proposed Artificial
Intelligence was first proposed by John McCarthy in
1956 in his first academic conference on the subject.
The idea of machines operating like human beings
began to be the center of scientist’s mind and whether
if it is possible to make machines have the same ability
to think and learn by itself was introduced by the
mathematician Alan Turing. Alan Turing was able to
put his hypotheses and questions into actions by
testing whether “machines can think”? After series of
testing (later was called as Turing Test) it turns out
that it is possible to enable machines to think and learn
just like humans. Turing Test uses the pragmatic
approach to be able to identify if machines can
respond as humans.
G. Rzevski [4] (1995) reviews five key paradigms of
artificial intelligence in engineering: knowledge-based
systems, neural networks, genetic algorithms, fuzzy
logic and intelligent agents.
Among a plethora of concepts and methods of
artificial intelligence (AI) in engineering, the key
paradigms are: knowledge-based systems, neural
networks, Genetic algorithms, Fuzzy logic, and
intelligent agents. The prediction is that these
paradigms will yield important results for many years
from now and that the future will be dominated by the
paradigm of intelligent agents.
Bruce G. Buchanan [5] (2005) the beginnings of
artificial intelligence are traced to philosophy, fiction,
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and imagination. Early inventions in electronics,
engineering, and many other disciplines have
influenced AI. Some early milestones include work in
problems solving which included basic work in
learning, knowledge representation, and inference as
well as demonstration programs in language
understanding,
translation,
theorem
proving,
associative memory, and knowledge-based systems.
The article ends with a brief examination of influential
organizations and current issues facing the field.
Guy-Warwick Evans [6] (2013) proposed that, from as
far back as antiquity humans imagined the use of
artificially intelligent machines as protectors, helpers,
entertainers, and existential threats. While our
imaginations were large the early progress in artificial
intelligence was slow, with the foundations of
mathematics and computing needing to be built first.
humanity’s initial dream for artificial intelligence was
to build a true machine intelligence, the field of
artificial intelligence has grown into a much larger and
much more applied field AI knowledge and methods
improve it is clear there are a large number of areas
both in clinical practice and in biomedical research
that will be impacted.
While military institutions are reasonably secret about
the full extent of their research into new weaponry and
tactics it is clear that artificial intelligence is being
used today, and will continue to be used an even
greater amount in the future
Sumit Das [7] (2015) in this paper discusses the four
categories of machine learning i.e. supervised
learning, unsupervised learning, and reinforcement
learning and recommender system and also presents
the numerous applications under them. The main
purpose of machine learning is to develop algorithms
that assist in the creation of intelligent machines thus
reducing the jobs of the programmers as the machine
learns in due course of time to improve its
performance. Machine learning has proven to be vastly
useful in a variety of fields such as data mining,
artificial intelligence, OCR, statistics, computer vision,
mathematical optimization, etc. The applications of
machine learning are therefore never ending and it still
remains an active field of research with immense
development options and a promising future.
Omkar Pimple [8] we proposes a system with multiple
mobile agents, which will have a shared intelligence.
Such architecture will enable the entire system to
become ‘smarter’ as each individual agent has new
experiences and learns about new things. Whenever
each node learns something new, it makes its peers

learn, thus greatly accelerating the rate of learning of
the entire system. The color, shape and size of an
image are extracted. An attempt is made to identify the
object in the image using its local intelligence. Next, it
tries to learn about the object from its peers. If none of
its peers know about the object, it simply learns about
the object from the user, and updates its own
knowledgebase. When a similar object is encountered
at a later stage, the system is able to recognize the
object based on its own knowledge, or from its peers
knowledge – similar to how humans learn.
Zawacki-Richter [9] (2019) this paper seeks to provide
an overview of research on AI applications in higher
education through a systematic review. Out of 2656
initially identified publications for the period between
2007 and 2018, 146 articles were included for final
synthesis, according to explicit inclusion and
exclusion criteria. The descriptive results show that
most of the disciplines involved in AIEd papers come
from Computer Science and STEM, and that
quantitative methods were the most frequently used in
empirical studies. The synthesis of results presents
four areas of AIEd applications in academic support
services, and institutional and administrative services:
1. profiling and prediction, 2. assessment and
evaluation, 3. adaptive systems and personalization,
and 4. intelligent tutoring systems.
Rupali Kamble [10] the objective of this study is to
Control the actual traffic condition and improve the
passing ability of intersection. A self-learning system
based on RBF neural network can simulate the traffic
police’s experience. According to the queue length in
each intersection, the system can give out both the
signal cycle and the spilt of intersection. Furthermore,
it can evaluate the effect of the control with the
changing of the traffic and adjust the signal. Here main
purpose of this study is to Control the traffic and
accidents on intersections. In this paper they also
talked about applications of Artificial Intelligence
Techniques in various fields such as Medical Areas,
Accounting Databases, Computer Games, and
Computer Games Problem Solving.
Neha Soni [11] (2018) Proposed that, to access this
overall impact, we design a three dimensional research
model, based upon the Neo-Schumpeterian economics
and its three forces viz. innovation, knowledge, and
entrepreneurship. The first dimension of our analysis
was chosen to be the theory and algorithms behind
AIdriven systems. For this, we needed information
regarding recent developments in the field of data
generation and processing, learning algorithms, and
successful AI applications.
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Kosidichimma Anyanwu [12] (2011) Robotics and
cybernetics have taken a leap combined with
artificially intelligent expert systems. Banks use
intelligent software applications to screen and analyze
financial data. A medical clinic can use artificial
intelligence systems to organize bed schedules, make a
staff rotation, and provide medical information.
Researchers in quest of artificial intelligence have
created spin offs like dynamic programming. Air lines
use expert systems in planes to monitor atmospheric
conditions and system status.

be solved by AI applications including facial
recognition, speech recognition, object recognition,
images classiﬁcation and surpassing human-level
intelligence in The Game of Go, Chess, Dota 2, and
StarCraft II. It is not only limited to computer science
but has evolved to include other areas like health,
security, education, music, art, and business
application. One limitation of AI is the lack of
"commonsense" the power to judge information
beyond its acquired knowledge. AI is also limited in
terms of emotional intelligence.

Marius Dorobantu [13] (2019) proposed AI concept
mostly in the Sci-Fi genre. If certain AI applications
become common enough, they are not seen as AI
anymore. AI is currently making significant progress
in image recognition, computer vision, language
manipulation, or prediction, with huge possible
impacts for healthcare, transportation, media, or the
military. Firstly, there is the technique called
deepfake5, which superimposes existing images or
videos onto source images or videos, using a machine
learning procedure called generative adversarial
network (GAN). What this means, in practice, is that it
is now possible to create fake videos of anyone saying
anything. One famous example is a video of former
president Barack Obama warning about the dangers of
deepfake, except the video itself is a deepfake.

Shawn Mc Intyre [17] (2018) proposed the threat
towards cyber security caused by AI will be different
depending on the both the nature and type of AI
application. Sapolsky classifies and surveys the
potential kinds of dangerous AI. He claims that cyber
security threats from artificial intelligence will be less
the robotic science fiction kind, and will more divert
out of deliberate human action, poor design, side
effects or factors attributable to the surrounding
environment. He concludes that those most dangerous
types of AI would be those that are created to harm
(military use). In the past, the fear of jobs being
replaced by AI robots was mostly confined industrial
manufacturing, where a single robot can do the work
of almost 7 people. The amount of industrial robots in
the U.S. quadrupled from the 90s -- 2000s and are
predicted to do so again by 2025. By 2025, scientist
predicts that nearly half of all jobs will be at risk of
automation. With the recent evolvement in artificial
intelligence, automation is overriding the jobs once
reserved for humans

While progress in image recognition and computer
vision already delivers breakthrough applications with
a huge potential for positive impact, there is also a
darker side to this technology.
Ekta Nehra [14] (2015) this paper the author tried to
find out how AI affects our modern life firstly tried to
explain what artificial intelligence. Here the author
also gave the fields where AI is used like in
transportation, in journalism, in playing game etc. and
how artificial intelligence work or we can say the
searching techniques are used for finding the solution.
And at last the author tried to find that what inventions
are done in this field and what will be future of
Artificial intelligence. We also conclude that if we
become completely dependent on the machines then it
can ruin our life as we do not do any work ourselves
and get lazy. And another is that it cannot give the
feeling like human. So machines should be used only
where they are actually required.
Amr Kayid [15] (2020) proposed AI researchers have
created many tools to solve the most difﬁcult problems
in computer science and other ﬁelds. The current AI
performance ranges between sub-human, optimal, and
super-human performance. A wide range of tasks can

EXPERIMENT AND ANALYSIS:
Research in the field of Artificial Intelligence has been
evolved to a great extent during the last few decades.
Year-wise improvement in the same field is studied in
this paper. Various applications that has been applied
in AI in history as well as current modern
development has been chronologically listed in detail
in this paper.
History of AI has been studied as follows: At first this paper gives the history about all the early
inventions that influenced the growth of AI.
Secondly this paper shows how AI started at the time
of Alan Turing and then extended to limitless
possibilities.
After the history of AI we discussed many applications
and research related to the same field. Applications
such as Intelligent Multimedia surveillance system,
Cognitive Learning Using Distributed Artificial
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Intelligence, AI in Engineering fields, Medical Areas,
Education system, etc.
These all applications and many different applications
which are applied to make human life easy, safe,
automated and comfortable.
2. CONCLUSIONS:
The field of artificial intelligence gives the ability to
the machines to think analytically, using concepts.
Tremendous contribution to the various areas has been
made by the Artificial Intelligence techniques from the
last 2 decades. Artificial Intelligence will continue to
play an increasingly important role in the various
fields. This paper is based on the concept of artificial
intelligence, areas of artificial intelligence and the
history of Artificial intelligence from the very start of
the automated world. Evolution of AI from the 19th
century to the modern world of Artificial Intelligence
Techniques and Different areas and fields of
applications of AI has led to a great success in the
autonomous world and it is still evolving and making
progress.
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Abstract-IndianRailways(IR)
coaches
are
designed to disposed off the human excreta and
water from toilets directly onto the tracks which
becomes a potential source of environmental and
health hazards. New technologies are being
developed to tackle and curb this problem and
this paper looks into the prospect of one such
technology i.e. Chemical Retention Tanks
coupled with a technology called Automatic
Train Discharge System. The disposal of human
waste is a very big problem in high altitude areas.
In non-glacier regions the waste is collected and
used as fertilizer in the field. Incineration and
chemical treatment of human waste has also been
attempted to overcome the problem. However, all
these methods are either unhygienic or not
practically viable alternatives. Biological
treatment on the micro-organisms, freezing of
the substrate, non-availability of conventional
energy sources and hilly terrains are some of the
urdles which need to be solving to make the
I.
INTRODUCTIONIndian Railways boasts of being one of the largest
transport networks in the world that is under a single
governing body. It has been in existence since 1853
and is the chief mode of transport for the people of
India even today. The expansion of Indian Railways
was carried out by Robert Maitland Briton. The
Allahabad Jabalpur branch line of the East Indian
Railway had been opened in June 1867. By 1875,
about £95 million were invested by British
companies in India guaranteed railways. The most
important thing to note is the fact the British made
optimal development of Indian Railways. They were
never concerned with the people in general. The
thing to note here is that there were no toilet
provisions in the trains in the initial years. On July
2, 1909, an aggrieved Babu Okhil Chandra Sen
lodged a complaint to the then Transportation
Superintendent, Sahibganj. After this, the railway
authorities introduced toilets in all lower class
carriages in trains running more than 50 miles.
Today, the rule is that the trains running more than
150 kilometers have to provide toilets in all
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process practically possible. The Bio Toilet
provided in railway. It secured the environment
and make eco-friendly. The aesthetic appearance
of track should be good and nuisance from the
human excreta on the track can be eliminated.
The corrosion caused by the fecal matter can be
minimized by using bio-toilet. By using bio-toilet
we can purify the solid waste into the pure water
by means of chlorination tank. We can be utilized
this water for washing of track and bogies and
the remaining sludge can be used as fertilizer for
agriculture purpose. So this bio-toilet is very
useful and essential for Indian Railways. Also if
we can able the trap and use the methane
produce in this process then this will be the art of
state development.
Keywords: IR.,
Disposal, Was

Bio-toilet,

Automatic

Waste

compartments. Babu Okhil‟s letter is one of its
kinds. These toilets has by product methane and
water.
1. Effective use of methane which get
produced in anaerobic process of waste
decomposition in bio-toilets.
2. Effective use of water produced in
anaerobic process of waste decomposition
in bio-toilets.
3. Design of sustainable bio-toilet.
4. Human waste management for the old
trains which don’t have
bio-toilets.
When human excerata comes in contact with
bacteria, it get converted into methane and water
through a series a step of anaerobic digestionhydrolysis acidogenesis methanogenenesis. Faecal
matter is composed of carbohydrate, protein and
fats. The bio-toilet provided in trains. It secured the
environment and make ecofriendly. The aesthetic
apperience of tracks should be good and anisance
from the human excreta on the track and can be
eliminated. The corrosion cost by the fecal matters
can be minimised by using bio-toilets. But the
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methane and water which get generated in this
process is get release in the atmosphere which can

be utilised more efficiently. As we know methane
can be used as fuel.

Introduction Various papers are referred for
literature survey. Some of them are as:

discouraged from flushing or using toilets while the
train is at a station, it is seldom seen.

Bio-Toilet used in Indian Railway
Jayshri S. Nandardhane, Shadab S. Patel, J.D.I.E.T,
Yavatmal, India
This paper tells about the Biological decomposition
of human waste. Bio- Toilet is an innovative
technology for disposal of solid human waste in an
eco- friendly, economical and hygienic manner. A
Bio-toilet is a complete waste management solutions
which reduces solid human waste to biogas and pure
water, with the help of a bacterial Inoculum. The
features of this toilet are
• An environmental friendly toilet system
Green toilet aims at Zero- deflection on the
ground
• Discharge on track creates environmental
problems as well as problem in working to
w
• MOU has been signed with DRDO for joint
technology development.
• The First Rake with bio-toilets developed
with DRDO is running in Bundelkhand
Express since 18th January2011.
• 20 more rakes fitted with DRDO
technology toilets have been allotted to
Zonal Railways.
Cumulatively approx.12000 coaches have been
fitted with Bio toilet and approx. 30000 Bio- toilet
fitted in coaches. (as on 31.01.2016).

Rough estimate of the amount of waste disposed
As per a report from 2008, there were about 38,000
non suburban carrying coaches, which amount to an
average of 152,000 train toilets on the IR system, of
which about 60 per cent (about 90,000) would be on
the move as part of a train. The amount of sewage
discharged from every train would vary depending
on the route, passenger capacity and the schedule of
the trains. According to a study by G. Raghuram of
IIM, Ahmedabad, it is estimated that the total toilet
usage is about 2 million times every day. This is
roughly about 22 toilet uses per day per coach.
According to other researches, it is estimated that
one person produces about 500 litres of urine and 50
litres of faecal matter in a year. So per day usage
comes out to be approximately 0.14 litres per day.
Hence we can say that approximately 275000 litres
of faecal matter is discharged daily from trains every
day.
Environmental friendly green toilet on Indian
railway passenger coaches

Sewage Disposal System for Trains: Current System
and Future Prospects -Devwrat Vegad and Sunny
Paruthi
Birla Institute of Technology and Science, Pilani
This paper presents and discusses The
aforementioned model is just a prototype of what the
Indian Railways can adopt to tackle the ever
increasing problem of sewage and waste discharge
from trains. Implementing this system will definitely
need a huge amount of investment from the
government’s part as we have already pointed out.
But what we need to look is that in today’s world if
we do not start caring for the welfare of nature then
we will have a huge price for it in the future. So it is
wise for us to spend a little more if at all it helps in
nurturing and caring for the earth better. The current
system of sewage disposal from railway coaches is
known as the “Hopper Toilet” system. The
traditional method of disposing human waste from
trains is to deposit the waste onto the tracks using
what is known as a hopper toilet. This ranges from a
hole in the floor to a full-flush system (possibly with
sterilization). The 'hole in the floor' (also known as
a drop chute toilet) system is still in use in many
parts of the world. Although passengers may be

Fig 1: Bio-toilets in railways
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The parameters achieved in this process are as
follows:
Sr
Recommended
Parameter
No.
Values
1.
pH
6.5 -7.5
2.
-Bio-Gas Test
3.
Percentage methane 40-70%
4.
MPN count for Max. 1000/ml

methanogens

Fig 2: Inner look of bio- toilets
II.

METHODOLOGY

Methodology is the systematic, theoretical analysis
of the methods applied to a a field of study. It
comprises the theoretical analysis of the body of
methods and principles associated with a branch of
knowledge.
The step wise methodology is as follow:
• Collection of Data:
• Analysis of data
• Prototype making
Data collection
The model developed by IR & DRDO is
having following details 46 nos BioDigester toilet system with DRDE
technology were procured
• 16 nos of PLC with flapper valve
• 16 nos with manual slide valv
• 11 nos with smaller opening
• 17 nos with solid liquid separator
(w.e.f. 16.08.2011)

Table1: Parameters achieved in anaerobic process
On the basis of this information my objective is to
modify this same unit in such a way that the methane
and water produce in the process get store within the
same unit and get utilise in proper way.
III.
CONCLUSION
• υ This research promotes use of waste
as resource of energy generation and
energy saving
• υ In review of various paper it found
that, bio-toilets are very innovation for
making India clean.
• υ But all the long distance trains are not
fitted with this bio-toilet, so for those trains
a effective solution must be find for
disposal of human waste.
IV.
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Abstract—There are many myths about sustainability
floating in the ether. One example is the myth that
sustainability costs more, which ignores recent research
as well as the reality that for any society to thrive and
prosper, to produce a perfect balance between its
environmental, social, and economic dimensions.
Sustainability is not just about building green but about
building a healthy community and sustaining a quality
way of life. But despite the fact that more and more
people are building green, many people still are confused
about some stereotypes that persist about green building
practices. Although green buildings are become popular
in the past few years, there remain many who are still
unconvinced of its benefits due to the numerous myths
and misconceptions floating around the mainstream
construction and real estate industries are described in
detail.
Keywords—Green concrete, myth, sustainability
I.

INTRODUCTION

The name green concrete doesn‟t mean that the
produced concrete is green in colour or it is a fresh
unsettled concrete. This means concrete that uses less
energy in its production & produces less carbon
dioxide than normal concrete is green concrete. Which
is an environment friendly concrete.
It has many advantages such as reduction in
shrinkage & creep, green Concrete uses local and
recycled materials in concrete and the heat of hydration
of green concrete is significantly lower than traditional
concrete. In fact Green Concrete is a term given to a
concrete that has had extra steps taken in mix design
that is replacement of naturally available materials in
concrete with the recycled materials to ensure a
sustainable structure and along life cycle with a low
maintenance cost.
Sustainability is not just about building green but
about building a healthy community and sustaining a
quality way of life. There are many myths about green
concrete and sustainability floating in the society.
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But there are many myths prevailing in the society
about green concrete. Although green building has
made tremendous developments in the recent years,
there remain many who are still unsure about its
benefits due to the several myths and
misunderstandings floating in society and in c
MYTHS AND REALITY
1. Myth: Green/sustainable buildings cost much
more than conventional buildings [2]
Reality: This is a very common misunderstanding
that continues to remain on even though it has been
tried to clarify many times in the recent years. Even if
compared on a price per square foot basis, green
building may incur marginally greater initial costs; but
in the long run a green home will prove an affordable
and cost effective because of its recurring expenses are
lower than conventional buildings. It is surprising
therefore that some developers still believe that
building with green materials or renovating to green
specifications is cost-prohibitive. In addition to this,
there are various strategies and approaches that can be
employed to achieve inexpensive green building. These
include reducing waste, optimal value engineering,
right-sizing the structure to using solar panels, low-e
windows, and energy-saving appliances, and more—
all of which can help qualify the project for federal tax
credits. Moreover, when green thinking becomes an
integral part of the initial building plans, it is easier to
design and incorporate green elements into the project.
2. Myth: It‟s just another fad and therefore not
particularly important
Reality: Over the last decade, we have witnessed an
increasing interest in sustainability and a continuous
growth in green building and green building
certification—so much so that it has now become more
than an integral part of the mainstream in the
construction industry, and it is becoming the preferred
building method. Furthermore, creating a healthy
environment where green building does not exist
cannot be considered a fad.
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3. Myth:
Green
buildings
are
often
“unattractive” or “ugly” and lack the aesthetic quality
of conventional buildings
Reality: A green/sustainable building doesn’t have
to look any different from a conventional building. In
fact, many of today’s green buildings are virtually
indistinguishable from traditional buildings. Moreover,
green renovations of existing buildings should respect
its character and if well designed, most likely won’t be
noticeable from either the interior or exterior. Thus,
wood certified by the Forest Stewardship Council
(FSC) looks essentially the same as other types of
wood, and when using a vegetated roof, for example, it
would not typically be visible from ground level.
Moreover, one does not have to mount continuous rows
of unattractive solar panels to be green or be obligated
to go with solar power, although there are numerous
ways to creatively integrate photovoltaic (PV) panels
into a project that are both attractive and effective.
Likewise, eco-friendly shingles are actually more
attractive than the common asphalt versions and some
renovations are actually invisible (e.g., extra insulation
or a new energy-efficient HVAC system).
4. Myth: Green building is essentially about ecofriendly material selection
Reality: Not at all. Green building is mainly
concerned with how you design and orient your
building, site selection, water conservation, energy
performance, window location, and so on. However,
making smart decisions regarding ecofriendly building
materials (e.g., those possessing a high recycled
content, low embodied energy, minimal VOCs) is an
important aspect of green building, but they are only a
small part of the overall equation. Alex Wilson,
president of Building Green Inc. and executive editor
of Environmental Building News, says: “People are
beginning to gain a greater understanding that green
building is a systems approach to the entire
construction process.”
5.

Myth: Green buildings do not fetch higher

rental rates or capital compared with traditional
buildings
Reality: Recent surveys consistently show that
there is a
growing market demand for green buildings
because they achieve much higher rentals, thus capital,
as a result of reduced operation costs and higher
productivity of employees. For example, a recent
Building Owners and Managers Association (BOMA)
survey in Seattle concluded that 61% of real estate
leaders opine that green buildings enhance their
corporate image and more than two-thirds of those
surveyed believe that over the next five years tenants
will make the “greenness” of property a significant
factor in choosing space. Tenants and developers
therefore do care about green and healthier
environments and are willing to pay for it. This trend is
already particularly evident in high-end residential
projects and flagship corporate office projects and is
very likely to become widespread.

6. Myth: Green buildings do not provide the
comfort levels that many of today’s tenant’s demand
Reality: On the contrary, green buildings are
typically more comfortable and healthier than
conventional buildings. In fact, one of the chief
characteristics of sustainable design is to support the
well-being of building occupants by reducing indoor
air pollution from exposure to contaminants (e.g.,
asbestos, radon, and lead), therefore avoiding
complaints such as sick building syndrome (SBS) and
building-related illness (BRI). This can normally be
achieved by selecting materials with low off-gassing
potential; proper ventilation strategies; adequate access
to daylight and views; and optimum comfort through
control of lighting, humidity and temperature levels.
This is not the case with traditional building environs.
7. Myth: Green building products are often
difficult to find
Reality: This may have been true a decade or so ago
when it may sometimes have been difficult to find
ecofriendly or energy-saving materials at a reasonable
price; today, green building materials are more popular
than ever and have become much more accessible.
Where green building products are not readily
accessible, it may be because they are not
manufactured nationwide or they may be difficult to
find in certain parts of the country; in such cases, it is
usually possible to find satisfactory alternatives.
Indeed, the number of green products and systems that
are now readily available on the market has
dramatically increased during recent years and is
growing continually. So much so that green building
products are now in the thousands and have become
part of the mainstream. Much information—including
performance data and contact details—can also be
obtained from the various green product directories on
the market such as the two comprehensive directories
published by Building- Green Inc. (Green Spec W
Directory and Green Building Products).
8. Myth: Green building uses traditional tools
and techniques and not cutting-edge technology
Reality: The most successful green building design
projects generally use a multidisciplinary and
integrated design approach, where a number of
consultants and the owner’s representative participate
as a team and the architect typically takes on the role of
team leader rather than sole decision maker. In most
cases, locally available materials and techniques are
used in addition to the latest technology. This is
reinforced by the U.S. Environmental Protection
Agency’s website, which clearly states that “green
building research is being done by national
laboratories, private companies, universities, and
industry.” According to a recent U.S. Green Building
Council (USGBCW) report, in excess of 70% of the
green building research is focused on energy and
atmosphere research.
9. Myth: Green building products don’t work as
well as traditional ones
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Reality: Examples of typical products that
frequently get a bad rap include double-flush and lowflow toilets. It may be true that when first introduced,
low-flow toilets did not function that well, and some
people are still of the opinion that 1.6 gallon-per-flush
toilets don’t work as w ell as traditional toilets, even
though these fixtures have been mandated for all new
construction for more than a decade. Moreover, recent
surveys show that when customers are asked to
comment on their satisfaction with their new 1.6gal.,
high-efficiency toilet fixtures, the majority say they
double-flush the same number of times or fewer with
their new efficient fixture than with their old water
waster. The “don’t work as well” myth was reinforced
with the introduction of compact fluorescent light bulbs
(CFLs), which gave off harsh colour, didn‟t last as long
as claimed, and took too long to light up. Another green
building product myth often cited relates to fiberglass
insulation in that inhaling fiberglass fibres can lead to
cancer, which is obviously false. It is therefore
important to research unfamiliar products and seek
accurate information to back up any efficiency claims
prior to formulating a final opinion regarding its
suitability or lack thereof. However, generally
speaking, most modern new green products work as
well, if not better than traditional ones, and green
products have been vastly improved in recent years. It
should be noted that green materials like traditional
building materials also have to meet strict qualitycontrol standards, and as the green market grows, new
upgrades will undoubtedly take place to improve
quality and reliability.
10. Myth: Building green is too difficult and
complicated
Reality: Nothing is further from the truth; in fact,
many builders consider green building to be very easy
and compares favourably with conventional building.
Building green is a business that can be simple, uses
common sense, and does not require a rocket scientist
to implement. Basically, build it smaller, use quality
materials chosen for sustainability and efficiency, not
for the fad of the month. [3]
11. Myth: It is not possible to build a high-rise
green building
Reality: Green concepts do not generally inhibit or
restrict building design or space usability. Furthermore,
all modern techniques that apply to conventional
building can be employed when building green. A good
example of this is the Conde´ Nast Building (officially
4 Times Square) located in Midtown Manhattan. The
building boasts 48 stories and rises to 809 feet (247 m).
It is environmentally friendly with gas-fired absorption
chillers, and a high performing insulating and shading
curtain wall, which keeps the building‟s energy costs
down by not requiring heating or cooling for most of
the year.
In addition, the building uses solar and fuel-cell
technology, making it the first project of its size to
incorporate these features in construction.

12. Myth: It is difficult or not possible to convert
existing conventional buildings into energy efficient
buildings
Reality: It is not really difficult to convert existing
buildings into green/sustainable buildings. Actually,
there are numerous scientific ratings and checklists that
builders can use to redesign and realign traditional
buildings to meet modern green standards. Likewise,
many rating systems, such as Leadership in Energy and
Environmental Design (LEEDW) for existing
buildings, Canada’s Go Green Plus, and the Japanese
CASBEE certification system, all encourage such
conversions. To this end, President Obama after
becoming president committed his administration to
retrofitting 75% of all existing federal buildings. [4]
It is important therefore to increase public
awareness of how baseless these myths are and to do
all that is possible to eliminate them.
13. Myth: Building green requires signing up for
a green program or third-party certification
Reality: This is definitely not a normal requirement
for building green, although certification programs,
such as Green GlobesW and the U.S. Green Building
Council‟s LEED, are excellent vehicles for increasing
exposure and furthering the green movement and, it
must be said, that without third-party certification,
much of the value of
“green” is lost. In addition, keep in mind that the LEED
Rating System is, in most cases, a totally voluntary
program: You pay your fees, follow the LEED
guidelines, and ultimately receive a plaque or
certificate stating your building has achieved a Silver,
Gold, or whichever status. More important, however,
remember that there are many financial and other
government incentives to attain certification.
Moreover, building owners and developers can reap the
financial benefits of the “greenness” of their building
projects by taking advantage of the various tax credits
and private and public non-tax financial incentives
available, as well as tenant monetization of reduced
operations and maintenance costs and carbon and
renewable energy tradable credits. [5]
14. Myth: Going green is an all-or-nothing
proposition
Reality: Many developers and construction
professionals have the misconception that going green
with existing buildings involves large-scale
remodelling. In fact, the degree and scale of
incorporating green into a building is wholly up to the
owner, depending on the individual lifestyle and
budget. Many builders and designers often use green
concepts and green products intuitively without being
fully aware of them. This is rapidly changing with
increased awareness and demand for green products,
and many manufacturers and the construction industry
find themselves moving in this direction.
15. Myth: Going Green Costs Serious Green [6]
Reality: Many people still believe that building with
green materials or renovating to green specifications is
cost prohibitive. While some environmentally-friendly
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materials do cost more than their traditional
equivalents, that money is usually recouped by lower
energy costs. In addition, a number of green home
materials like solar panels, low-e
windows, or energy-saving appliances can help you
to qualify for federal tax credits.
So why do so many people associate green building
with deep pockets? “A lot of the high-profile green
projects that get builders‟ attention are very high-end,
and that‟s one reason this myth is still around,” says
Alex Wilson, president of Building Green Inc. in
Brattleboro, Vermont and executive editor of
Environmental Building News. “But the simple fact is
that there are plenty of strategies for inexpensive green
building, from right-sizing the structure to optimal
value engineering to reducing waste, among many
others.”
16. Myth: Green Building Doesn‟t Use Cutting
Edge Technology
Reality: A lot of people taking on home renovations
want to use products that are going to last, and for many
that means using top-rated materials made to the latest
specifications. But does going green mean that you
have to use all-natural materials, or use techniques
developed half a century ago? Absolutely not.

decisions about sustainable building materials, but
that‟s only a fraction of the picture.
Green building is also about reducing energy costs
(and thereby reducing your home‟s carbon footprint),
as well as making use of the environment around your
home, such as designing a home that can be heated
using passive solar energy.
19. Myth: Green Renovations Have to Use Solar
Technology
Reality: Mention “green building” to some people,
and the first thing that comes to mind is a home covered
with solar panels or solar collectors. But solar panels
can be very expensive, and solar energy is not always
the best option for working towards a greener home.
While the solar panels are arguably the most
visually striking feature of many eco-friendly homes,
the energy benefits that they can provide often are not
maximized until the rest of the home‟s energy concerns
have been addressed. For homeowners looking to
create a “net-zero-energy” living space, solar
technology is just one small part of the equation.
20. Myth: Going Green Means Living in a Wacky
House
Reality: Lots of people still labor under the delusion
that ordinary homes can‟t become green-friendly; that
the greenest of homes are made of adobe, are placed up
in a tree, or are shaped like a geodesic dome.

In fact, the U.S. Environmental Protection
Agency‟s website states that “Green building research
is being done by national laboratories, private
companies, universities, and industry. According to a
USGBC report published in 2006, over 70 percent of
the green building research is focused on energy and
atmosphere research.

While it‟s true that some materials and shapes are
better suited for green building, a “normal” home can
easily be made more eco-friendly with any number of
simple improvements.

The next largest category of research is materials
and resources.”

21. Myth: Finding Green Materials is Too
Difficult in My Area

17. Myth: Green Appliances and Fixtures Don‟t
Work Well as Traditional Ones

Reality: Finding green materials seems to get easier
with every passing year. Granted, even a decade ago it
was hard to find eco-friendly or energy-saving
materials at a reasonable price, but today green
building is more popular than ever…and also more
accessible.

Reality: Many Americans want top-end appliances
in their homes, and tend to be doubtful that green items
like low-flow toilets or Energy Star-approved
dishwashers will be powerful enough to get the job
done.
However, this is just another myth. While it is true
that appliances and fixtures can vary greatly from
model to model, most low-flow toilets and similar
products on the market have been around for at least a
decade, and have been tested by numerous consumers
over the years.
If you are concerned about the performance of a
given green-friendly appliance or fixture, you can
easily find product reviews online or in magazines like
Consumer Reports. [7]
18. Myth: You Can Only Go Green by Buying
Special Materials
Reality: So, you want to start a green building
project…I guess that means you‟ll need to buy
materials made from allnatural and recycled waste,
right? Wrong. Green building involves making smart

Between internet shopping and the willingness of
your local home improvement superstore to special
order the items you need, sourcing green building
materials is easier than you think.
22. Myth: Green Techniques Are Just for One
Type of Building
Reality: Green building techniques and materials
can be used during projects at homes, office buildings,
schools, factories, hospitals, and nearly any kind of
building where people work, live, or play.
Existing buildings can be retrofitted with energysaving materials, and buildings under construction can
take advantage of natural solar energy, topography, and
other natural features of the area.
23. Myth: Green Building Only Benefits the
Homeowner
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Reality: Not only can green building help you save
energy costs and protect the environment, but it can
also help boost your local economy. Obama has
promised to spend $150 billion over the next decade on
promotion green energy practices, and numerous states
around the company are helping out-of-work
construction workers train in green building techniques
to help them find more lucrative jobs in the industry.
[6]
24. Myth: Green Building Isn‟t For “Average
Joes”
Reality: After reading this article, it should come as
no surprise that this last myth is also busted. Green
building and renovations aren‟t just for hippies, the
affluent, or celebrities looking to make a cool political
statement.
Everyone from federal agencies to public schools to
local non-profits in your area are investigating the
benefits of going green, and over 40 percent of Real
Estate Investment Trusts in the United States are
actively pursuing energy efficiency and green building
upgrades. The bottom line is this: green building
benefits everyone by invigorating the economy,
protecting the environment, and saving you money.
ADVANTAGES AND LIMITATIONS
After studying all above myths and the real facts
one can easily gets convinced about the green concrete
or say green building and its sustainability amidst
certain benefits/advantages and some limitations.
Top benefits of using the Green Concrete:
One can avail following advantages by using Green
Concrete:
1.

Longer life

The strength is gained by the green concrete at a
much faster rate and it has a very low shrinkage rate
than other types of concretes. If a structure is built by
using this type of concrete, then it has a better chance
of surviving the fire. In addition to this, it has a greater
resistance to the corrosion. [3]
2.

Use of industrial waste

Around 25% to 100% fly ash is used to produce the
green concrete instead of a 100% mixture of Portland
cement. Fly ash is collected from the chimneys, which
uses the coal as the power source. In industries, there is
an abundance of fly ash available. In general, there are
lots of lands used for disposing of the fly ash and the
land can be saved by using fly ash for creating the green
concrete.
3.

Reduced amount
Emissions

of

Carbon

Dioxide

The major ingredients of the ordinary cement are
clay, sand and pulverized limestone and they are heated
to a very high temperature. On average, this process
produces carbon dioxide emissions between 5 and 8%
across the world, whereas the production of green
concrete releases nearly 80% lesser carbon dioxide
emissions. Choosing green concrete for construction

processes will help a lot to reduce carbon dioxide
emissions.
4.

Reduced Energy Consumption

You will use less energy if you are a using green
concrete having less Portland cement and more fly
ash. A building constructed by using this type of
concrete offers better resistance to the changes in
temperature. Generally, the architect designs a
building using a green concrete to use energy for
heating and cooling in an efficient manner.
Limitations of Green Concrete
In addition to the above benefits, the green concrete
also has some limitations.
•

Increase in reinforcement cost

The cost of reinforcement will be increased by
using the stainless steel. (But it is marginal and as
stated above it will be recovered as the recurring
cost reduces).
•

Lesser split tension

It has lesser split tension when it is compared to
the conventional types of concrete. (But in general
design we anyways, are neglecting tensile strength
of concrete) Other Advantages can be summarized
as:
•

Reduced CO2 emissions.

•

Low production costs as wastes directly
substitute the cement.

•

Saves energy, emissions and waste water.

•

Helps in recycling industry wastes.

•

Reduces the consumption of cement overall.

•

Better workability.

•

Greater strength and durability than normal
concrete.

•

Compressive strength and Flexural behaviour is
fairly equal to that of the conventional concrete.
 Green concrete might solve some of the
societies„ problems with the use of inorganic,
residual products which should otherwise be
deposited.
II.

CONCLUSION

Almost all myths are the result of conceptual
unawareness about green concrete and the green
building and mainly the need for sustainability
considerations. Some of the myths are out of fear for
accepting new development because of certain
orthodox mental blocks.
In all the concept of green concrete and green buildings
is the need of the time from future point of view.
Green concrete having reduced environmental impact
with reduction of the concrete industries CO2
emissions by 30%.
Green concrete is having good thermal and fire
resistant.
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In this concrete increased concrete industry‟s use of
waste products by20%. Hence green concrete
consumes less energy and becomes economical.
So definitely use of concrete product like green
concrete in future will not only reduce the emission of
CO2 in environment and environmental impact but also
economical to produce
III.
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Abstract— This document gives Implementation
tools and guidelines for leak detection and smart
metering technologies for smart water supply
network. For this study, water supply
distribution network of thane municipal
corporation (TMC) is considered. The
remodelling focuses on social and economic
improvement of these communities.
Keywords— water supply network, Smart water
supply network, WSN, WSN remodelling, TMC
I.

INTRODUCTION

This document is a analyse of leak detection systems
and smart metering that can be made use in smart
water supply network in thane. also analysis of
improvements and limitations of each method.
II.

LITERATURE SURVEY

An easy way to comply with smart water supply
network, we will focus on leak detection and smart
metering technologies available at present (July
2020)
A. every 30 s the data will be fetched from cloud and
detect leakage in it somewhere[1].
B. .Acoustic sensors based on accelerometers
Leak noise localisers and leak noise correlators are
listening devices which use accelerometers to sense
leak-induced sounds or vibrations caused by water
escaping from apressurized pipe[2]. These devices
are suited for the network in Singapore as metal
pipes easily transmit water leak sounds Leak noise
correlators are more sensitive than localisers, as they
are able to automatically pinpoint leak locations
based on parameters like pipe size, distance and pipe
material.[2]
C. . Acoustic sensors based on hydrophone sensors
It is also possible to determine leak positions by
analysing data from hydrophone sensors that capture
sound waves in water. Hydrophones are more

sensitive than accelerometers and are effective in
detecting leaks in larger pipes[3].
D. High rate pressure sensors
High Rate Sampling Pressure Sensors are used to
detect patterns of pressure transients which occur
during a pipe burst. These sensors have a much
wider detection range of 1.5 km, but produce lower
resolution results in a range of a few hundred meters,
compared to tens of metres for acoustic devices[3].
E. Long range distance sensors
Leakage Detection Method: Once the timer starts,
the first value app fetches from the cloud it gets
stored and later on
III.

RESEARCH GAP

We shall see scope for research in these exciting
technologies for leak detection and smart metering
A. Text Font of Entire Document
Technology becomes out-dated and easily damaged.
Compatibility of meter communication system.
Difficulties with customer portal-privacy concerns.
Lack of know-how suitable technologies: “What,
Where & Why”? Practically length of time to install
and commission meters. Data Management & Data
Analytics – how to maximise benefits of data.
Engaging non-residential customers to act on leak
alerts.[1]
B. Acoustic sensors based on accelerometers
Due to the sound propagation theory, these methods
are only accurate for small diameter water mains;
preferably 300 mm mains and below. In addition, the
range of the sensors is limited to 250 m[2]
C. Section Headings
Such systems are known to be expensive and a
detailed site study has to be conducted as the sensors
are best installed in 100 mm or 150 mm air valves
located not more than 750 m apart [2].
D. High rate pressure sensors
Acoustic devices there are a need to distinguish
pressure transients caused by leaks against those
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caused by network operations or regular drawoffs[3].
IV.
PROBLEM DEFINITION
The range of most sensors is limiting for it to be
applied throughout the whole water supply network.
As these are expensive and need data collection
receiver systems and transmitter system
V. PROPOSED METHODOLOGY
1. a) A risk management software system for
prioritizing pipeline maintenance/replacement
typically computes a risk score aggregate for
each asset based on Likelihood of Failure (LOF)
and Consequence of Failure (COF)[3].
2. b) The LOF of an asset is determined by
multiple factors such as age of pipe, material of
pipe, pressure and soil type which affect the
probability of failure[3].
3. c) COF Factors refer to elements such as
sensitivity of customers and loss of pipe
pressure during pipe burst[3].
4. d) Real-time monitoring of asset condition for
preventive maintenance. With advanced
sensing technologies, data on pipeline condition
can be used to develop a risk-based model for
pipe replacement projects[3].
5. e) Real-time pressure and water quality
monitoring to enhance planning and network
operations[3.
6. f) WSN hopes to use technologies like
automated meter readings and smart water
efficient gadgets provide real-time feedback on
water and energy usage to customers[3].
VI. EXPECTED OUTPUT
1. a) Digitalization of water quality checks
and meter readings
2. b) Expand water network
3. c) Reliable supply(24*7) of water with
adequate pressure
4. d) Leaks can be located promptly to
minimize water
losses, and stress in pipes can be detected
early so that
actions can be taken to mitigate the risk of
pipe bursts.
5. e) To provide water to each and every
household , And to maintained equal water
distribution between urban
and industrialized area .
V.

CONCLUSIONS

The present solutions for sensors, risk management
software, meters still have room for improvement
.So implementation of current technology should be
integrated with new one .then applied in for water
supply network.
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I.INTRODUCTION
This report delineates the research on the energy
audit of residential buildings conducted by our
group members under the guidance of our mentor.
We started off with the literature survey and we
referred to research papers from some of the
prominent researchers. There were research gaps
that were identified, majorly owing to the
unnecessary consumption of energies at
residential buildings. Thus discovering the
problems, we proposed some certain methods to
rectify the excessive consumption of energy.
These problems showed some promising results
to tackle our problems, power monitoring system
and comfort monitoring system and usage of
energy star rated appliances were the solutions we
identified .Based on our research we were able to
produce some conclusive output which was not
far sighted from our expected output.
Keywords: Benchmarking-practice of comparing
the measured performance of device ;
Sustainability-the ability to be maintained at a
certain rate or level
II . LITRATURE SURVEY
Based on the research conducted by Smart
Grid Technologies it was evidently found that the
majority of residential houses show an excessive
utilization of electrical energies in their respective
residents , in fact on a collective basis the whole
residential building had shown a huge amount of
electrical energy consumption . On the other hand,
it surveyed the actual needed electrical energy for
the residents of the buildings, and it showed that
there was a huge difference in their consumption
levels. So, the adjustments that they made were
energy star rated appliances which made some
impactful changes and showed great difference in
the electrical energy consumed. Collect all the
Load details with a maximum demand of the
Electrical Equipment, Calculate the Usage of
Load. Plot the single line diagram according to the
ETAP simulation software. Plot Real time load
curve by taking the energy meter kwh for 20 days.
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Calculate the connected load with respective to
single diagram. .Plot a graph in between years and
Tariff .Identify and calculate the unnecessary
usage of power wastage in the layout with graphs
.Draw the Power Utilization Chart with respect to
the Layout .Calculate the daily utilization of
Power by all the equipment’s and convert to pie
chart. Data Collection of all
the major
equipment’s and find out the performance
Interaction about the energy usage with suitable
survey
Identify the Energy Saving and Conservations
Opportunity. Report on suitable recommendation
with existing and implementation. Plot Cost
Benefit Analysis with Breakeven Chart. Check the
earth resistance and report on the status of
earthling. Provide Awareness’ on Electrical Safety
to the Person there. Submission of Suitable Energy
Audit Report with Breakeven Analysis
The research conducted by Shuang Li and Xin
Xiong university of Gavle conducted a research on
the heat energy audit of a residential building and
reported that there were a loss of heat i the pipeline
when the water heater would transfer the water to
the supply pipe mainly due to two factors
contributing to it is mechanical ventilation and
natural ventilation. To solve the problem, they
made use of heating recovery system which use
exchanger heat to reheat the water.
III.RESEARCH GAPS
Calculation and measurement-based energy
performance evaluations of the same building often
provide different results. This difference is referred
as “the performance gap”. However, a large
performance gap may not necessarily mean that
there are flaws in the building or deviations from
the intended design. The causes for the
performance gap can be analyzed by calibrating the
simulation model to measured data. In this paper,
an approach is introduced for verifying compliance
with energy performance criteria of residential
buildings. The approach is based on a performance
gap analysis that takes the uncertainties in the
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energy evaluation methods into consideration. The
scope is to verify building energy performance
through simulation and analysis of measured data,
identifying any performance gap due to deviations
from the intended design or flaws in the finished
building based on performance gap analysis. In the
approach, a simulation model is calibrated to
match the heat loss coefficient of the building
envelope [kWh/K] instead of the measured energy.
The introduced approach is illustrated using a
single-family residential building. The heat loss
coefficient was found useful towards identifying
any deviations from the intended design or flaws in
the finished building. The case study indicated that
the method uncertainty was important to consider
in the performance gap analysis and that the
proposed approach is applicable even when the
performance gap appears to be nonexisting.

because you can't manage what you don't measure.
Across many commercial building markets, the
practice has become standard operating procedure
as energy costs and associated environmental and
sustainability issues have raised awareness around
the importance of energy management. To assist
with the connection between benchmarking and
energy management, the following topics reference
appropriate portions of energy management
resource guides.
➢ The following steps provide a framework
for designing a benchmarking plan:
• Establish the goal for benchmarking
• Secure buy-in from leadership
• Build a benchmarking team
• Identify output metrics
• Identify data inputs

I.

PROBLEM STATEMENT

Wastage of energy needs to be avoided to cut
down energy costs of the workshop and the
university. It is therefore, necessary to conduct an
energy audit covering analysis and evaluation of
all equipment, operations and system components
which have bearing on energy consumption, and
identify scope for reduction in energy cost.

V. PROPOSED METHODOLOGY
Benchmarking is the practice of comparing the
measured performance of a device, process,
facility, or organization to itself, its peers, or
established norms, with the goal of informing and
motivating performance improvement. When
applied to building energy use, benchmarking
serves as a mechanism to measure energy
performance of a single building over time, relative
to other similar buildings, or to modeled
simulations of a reference building built to a
specific standard (such as an energy code).
Benchmarking is useful for state and local
government property owners and facility operators,
managers, and designers. It facilitates energy
accounting, comparing a facility's energy use to
similar facilities to assess opportunities for
improvement, and quantifying/verifying energy
savings.
Commercial building energy performance
benchmarking is a foundational element of an
organization's energy management strategy

• Select a benchmarking tool
• Determine the collection method
• Consider a data verification process
• Evaluate analysis techniques
• Communicate the plan
• Plan for change
TYPES OF ENERGY AUDITING: -

Energy audit is very essential in all the sectors and
the type of energy audit to be performed depends
mainly on the consumer’s need. There are mainly
four types of energy auditing [4]:
1)Benchmarking
2)Walk-throughor preliminary audit
3)General audit
4)Investment-gradeaudit
1) Benchmarking:
Benchmarking mainly consists in comparing the
measured
consumption
with
reference
consumption of other similar buildings or
generated by simulation tools to identify excessive
or unacceptable running costs. As mentioned
before, benchmarking is also necessary to identify
buildings presenting interesting energy saving
potential. An important issue in benchmarking is
the use of performance indexes to characterize the
building.

386
2) Walk-through audit:
The simplest and quickest type of audit is
preliminary audit. It is also called a simple audit,
screening audit or walkthrough audit. It involves
minimal interviews with site operating personnel, a
brief review of facility utility bills and other
operating data, and a walk-through of the facility to
become familiar with the building operation. Only
major problem areas will be covered during this
type of audit.
3) General Audit:
The general audit also called mini-audit, site energy
audit or detailed energy audit or complete site
energy audit expands on the preliminary audit
.Utility bills are collected for a 12 to 36 month
period to allow the auditor to evaluate the facility's
energy demand rate structures and energy usage
profiles. This type of audit will be able to identify
all energy conservation measures appropriate for
the facility, given its operating parameters.
4) Investment grade Audit:
In most corporate settings, upgrades to a facility's
energy infrastructure must compete for capital
funding with nonenergy-related investments. Both
energy and nonenergy investments are rated on a
single set of financial criteria that generally stress
the expected return on investment (ROI). The
projected
operating
savings
from
the
implementation of energy projects must be
developed such that they provide a high level of
confidence. In fact, investors often demand
guaranteed savings of the workshop and the
university
VI.. EXPECTED OUTPUT
According to the layout of the house, the daily
utilization chart is given in Fig.1. In this graph, we
through the daily load analysis.

can analyze the consumption of the energy in 24
hours by the lighting and the major equipment’s like
fridge, fans, etc. The daily utilization graph makes
easy to understand the utilization of energy in a
particular day. The wattage of all the appliance are
also represented in Fig. 1. The age of each
equipment data are collected to know the equipment
age and their performance through the graph. It is
observed that the fridge was purchased in the year
2009, fan was purchased in the year 2010, whereas
A.C is the oldest one in the house because it was
purchased by owner in the year 2003. T.V and
washing machine was purchased in the same year,
which was 2010. The tariff details are collected to
check the unit consumption of the. House in which
the data have been collected for the past two years.
In general, it was found that at the time of the
summer the consumption was very high and also at
the time of winter the consumption is low, this is
due to the maximum use of the air conditioner
during summer. But in this house the scenario was
entirely different. As can be clearly analyzed that in
the month of august and September 2013, the unit
consumption was 2000 units. We did this survey on
the house owner’s request regarding this apparent
change in the unit consumption, but he was not

able to recognize the proper region. The average
unit consumption of this house is 470.5 units per
month. It is seen that the voltage of each
equipment’s maintained from bus no 3 to bus no 25.
This graph shows the result of analysis before the
recommendation was implemented. The same
analysis was done after implementation of the
recommendation through ETAP software in the
single line diagram. It resulted the 50 % decrease in
the load current
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VII. CONCLUSION
Considering the present scenario the wastage of
energy is mostly done by the domestic users. In
residential area users should think about the
installation of new machines and equipment with
low cost, effective and efficient techniques to
achieve high efficiency of energy user. The present
audit work executed in a 2-BHK residential house
in Chennai. The effective recommendation is
presented along with different graphs. The house
owner agreed to implement the idea presented in
this paper. The authors also recommended the use
of different methods of renewable energy sources,
tree plantation around the building and changes in
the installation procedure for an effective, efficient,
cleaner and greener environment. The overall idea
of an energy audit is to conduct an inspection of the
appliances used in the residential building and to
give an analytical data that represents the current
scenario, based on the analysis we can check where
we can possibly reduce the usage of energy in the
form of electricity, steam , heat etc. In Order to
reduce the energy, we have made use of power
monitoring system which basically monitors the
power usage on every single appliance and gives an
accurate data and also reduces the energy
consumption as per our basic requirements. We also
made use of comfort monitoring system which
works more or less in the same way as power
monitoring system.
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ABSTRACT

Plastic is a non- biodegradable material. The
quantity of plastic waste in municipal solid waste is
expanding rapidly day by day. Plastic is made from
hydrocarbons found in different sources like oil,
coal and some other minerals. At the time of need,
plastic is found to be very useful but after its use, it
is simply thrown away, creating all kinds of
hazards. Plastic is of the many different types such
as High Density Poly-ethylene (HDPE), Low
density poly- ethylene (LDPE), HD, etc. Hence,
these waste plastics is to be effectively utilised in
making paver blocks. low density polyethylene are
clean added with the sand and aggregate at various
percentages to obtain high strength bricks that
possess thermal and sound insulation properties to
handle pollution and to reduce the overall cost of
construction, this is one of the best ways to avoid
the accumulation of plastic waste which is an on
degradable pollutant. Around 5.6 million tonnes of
plastic waste is generated in the country per annum.
The degradation of plastic is very long process, it
may take thousands of years. Hence, project is
helpful in reducing the plastic waste. In this project,
we have used plastic waste in different ratio with
fine and coarse aggregate. The paver blocks were
prepared and tested. The water absorption capacity
of plastic paver block is less. The results showed
more strength as compared to paverblocks.
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1) Plastic
Plastic are durable and degrade very slowly. Plastic
waste used in making paver block was collected
from the surrounding locality low density polyethylene this plastic waste available. Shredding is
the process of cutting the plastic into small sizes
between 2.36mm to 4.75mm with the help of the
plastic shedding machine.

Properties of plastic: Sr. No

Particulars

Value

1

Melting Point

170°

2

Thermal
Coefficient of
Expansion

100-200×10-6

3

Density

0.910‒ 0.940

4

Tensile
Strength

0.200.40N/mm²

Table 1

Keyword: Plastic Waste, LDPE, Compressive

Strength.

I.Introduction
Plastic is considered as non- renewable resource
because it is non-biodegradable. It takes 1000 years
for decomposition. Nearly 56 lakhs tonnes of plastic
waste is produced in India per year. Plastic waste
needs proper end of life management. Plastic is
innovative material for using it in construction
purposes. Plastic application is related with their
special properties, low density, easy processing,
good mechanical properties, good chemical
resistance, excellent thermal and electrical insulting
properties and low cost.

II.

EXPERIMENTALPROCEDURE

PROPERTIES OFMATERIAL

2) Cement
A cement is a binder, a substance used for
construction that sets, hardness, and adheres to
other materials to bind them together. In this,
ordinary Portland cement of 53 grade conforming
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to IS: 456-2000 was used. Tests were carried out
on various physical properties of cement and the
results are shown.
PREPARATIONS OF TEST SPECIMEN
The plastic wastes are shredded in a shredding
machine into small fine particles. The materials
fine aggregate, coarse aggregate added to it in a
right proportion and mixed properly.
MOULDING
Themouldofsize240×120×60mm is cleaned through
a tossing waste cloth. Now this mixture is
transferred to the mould. It will be in a hot condition
so handle it carefully and compact it well to reduce
internal pores present in it. Then the blocks are
allowed to dry for 24 hours so that they harden.
After drying the paver block is removed from the
moulds and ready for use.

III.

Compressive test

CONCLUSIONS

IV.

TESTS ON PAVER BLOCKS:

•

Plastic is an innovative material for using
it in construction purpose.

•

Plastic sand paver posses more
advantages which includes resource
efficiency.

•

Plastic paver block is a productive way
of disposal of plastic waste.

•

It shows better results such as strength,
good heat resistance,etc.

•

It can be used in light traffic road or
footpath.

•

It requires less time for manufacture.

•

The cost of paver block is reduced when
compared to that of concrete paver block

COMPRESSIVE TEST
After the casting of paver blocks they were placed
to let them dry. Then blocks are transferred to
testing. The maximum load at failure reading was
taken for three samples of the same ratio. The
average compressive strength is calculated by the
equation Compressive strength (N/mm²) = load (N)
/ cross section area of specimen (mm²)

V.
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Plastic source

Characteristics

Common use of
virgin plastic

Common
use
recycled plastic

Polyethylene
Terephthalate (PET)

Clear hard plastic,
suitable for fibre.

Soft
drink
and mineral
water bottles.

Clear and soft film
for Packaging and
wrapping, rug fibers, rain
coats.

Lids of food
containers, garbage
bags, and rubbish
bins.
Puckered shopping
bags, milk storage
bags (freeze).

Soft film, wrapping
industry, plant
packaging and nurseries
bags.
Compost bins, detergent
bottles, crates, and
mobile rubbish bins.

Low density
Soft, flexible
polyethylene (LDPE) plastic, milky white,
unless a pigment is
added.
High density
Commonly used
Polyethylene (HDPE) plastic in white or
coloured.

Dishwasher bottles,
toiletries detergent
bottles, tiles, and
plumbing pipe fittings.
Hose inner core, and
Plasticized Polyvinyl Flexible, clear, elastic Garden hose, shoe
soles, blood bags and industrial flooring.
chloride (PPVC)
Plastic
tubing.
Polystyrene (PS)
Stiff but brittle
Cheap, Transparent
Laundry pegs, coat
plastic. Clear in
kitchen ware, light
hangers, and video/CD
nature and glossy.
fittings, bottles, toys, boxes
food containers.
Polypropylene (PP) Hard, but flexible
Ice-cream
Compost bins, kerb side
plastic
containers, potato
recycling crates, and
crisp bags, stools
worm factories.
and chair.
Unplasticised
Polyvinyl chloride
(UPVC)

Hard rigid plastic,
clear
type

Sanitary piping,
plumbing pipes and
fittings.

for
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ABSTRACT India has 16% of the world's
population and only 4% of the world's water
resources, which are depleting rapidly. The
demand for water is expected to grow from 40
billion cubic metres (bcm) currently to around
220 bcm in 2025. Water conservation includes all
the policies, strategies and activities to
sustainably manage the natural resource of fresh
water, to protect the hydrosphere, and to meet
the current and future human demand.
Population, household size and growth and
affluence all affect how much water is used.
Water treatment has special relevance as
worldwide water demand is constantly under
pressure due to the increasing world population
and a globally improved standard of living.
Water has to be disinfected in order to deactivate
any existing microorganisms present in water. It
is commonly done using chlorine or chlorine
dioxide, and in many cases, other processes are
also used such as ozonation and ultraviolet
irradiation. Different techniques to remove
suspended particles include the addition of
coagulants and the use of membranes
I.
INTRODUCTION
In addition to saving money on your utility bill,
water conservation helps prevent water pollution in
nearby lakes, rivers, and local watersheds.
Conserving water also prevents greenhouse gas
emissions associated with treating and distributing
water. Conserving water can also extend the life of
your septic system by reducing soil saturation and
reducing pollution due to leaks. Overloading
municipal sewer systems can also cause untreated
sewage to flow to lakes and rivers. The smaller the
amount of water flowing through these systems, the
lower the likelihood of pollution. In some
communities, costly sewage system expansion has
been avoided by community-wide household water
conservation.
II.
PROCEDURE
Resource and Environment
Conserving water reduces wear and tear on major
resources such as water and wastewater treatment
plants and the distribution systems that deliver water
to the public. Using less water can also enable us to
become more flexible during times when there is a
water shortage. Water conservation represents
important pro-environmental behavior for a
sustainable environment. Environmental knowledge
is a driver of water conservation behavior. Water

Sairaj yadav
Department of civil engineering
Thakur college of engineering &
technology, mumbai, india

conservation lies at the crux of sustainability. In
order to make sure all living beings can continue to
enjoy the gift of life, we need to first ensure that the
natural resources are available for all and this will
only happen when we become more conscious of our
lifestyle, wastage and consumption patterns. Green
Energy Policies and Programs
State, local, and tribal governments and K-12
schools can advance clean energy goals through a
variety of policies and programs designed and
implemented to maximize effectiveness within
organizations and throughout jurisdictions
ENERGY EFFICIENCY- Energy efficiency
policies and programs help drive the implementation
of projects that reduce energy use. Examples include
appliance standards, building energy codes
RENEWABLE
ENERGY
EFFICIENCY:
DISTRIBUTED GENERATION- State and local
governments can implement distributed generation
policies and programs to help overcome market and
regulatory barriers to implementation. Examples
include
community
renewables
programs.
RENEWABLE ENERGY: UTILITY-SCALEPolicies and programs that address barriers to the
implementation of utility-scale renewable energy
projects can include feed-in tariffs, renewable
portfolio standards, transmission access, and others.
TRANSPORTATION- State and local governments
can support reduced petroleum use by implementing
policies and programs that promote the use of
advanced vehicles and alternative fuels. Examples
include air-quality and emissions
Green Power, Industrialization and Transport
Robotics and Mechatronics
GREEN POWER- is a subset of renewable energy
and represents those renewable energy resources
and technologies that provide the highest
environmental benefit.
INDUSTRIALIZATION- Water savings can be
achieved in industry through a combination of
changing behavior, modifying and/or replacing
equipment with water saving equipment to reduce
overall water consumption and increase internal
reuse. To assure the strategies, optimize water and
minimize costs, it is important to assess current
water use and set goals.
TRANSPORT
ROBOTICS- Researchers have developed a tiny
plastic robot, made of responsive polymers, which
moves under the influence of light and magnetism.
In the future this 'wireless aquatic polyp' should be
able to attract and capture contaminant particles
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from the surrounding liquid or pick up and
transport cells for analysis in diagnostic devices.
MECHATRONICS- This system of Rain Water
Harvesting system is based on simple Mechatronics
principle. In this system we use motors, solenoid
valve, sensors and Arduino to automate the process.
Rain water from road is collected in tank made in
underside of road which will act as a sump. First
flush mechanism will not allow the first rain water
or big contaminant or particle to enter into the tank.
Thereafter, during the showers rain will be collected.
When water will reach at a particular level, the level
sensor will get actuated and close the valve or
opening from which water is entering. The exact
quantity of flocculants would be dispersed by
dispersion mechanism. Then it is stirred, for a
particular time to get all the flocculants mixed with
muddy water, through the stirrer. Then flocks made
from this process are allowed to get settled. All mud
coagulated is removed.
Renewable Energy Supply and Technologies
RENEWABLE ENERGY SUPPLIES- From the
point of view of conserving freshwater, it seems
clear that the country should shift toward
renewables. This move would make more
freshwater available for food production and
human consumption, particularly as population
grows. It would also significantly reduce
greenhouse gas emissions. TECHNOLOGIES-1]
Distribution System Leak Detection
2] Advanced Cooling Tower Controls
3] Connectionless Food Steamers
4] Multi-Stream Rotational Sprinkler Heads
5] On-Site Wastewater Treatment Systems
6] Rainwater Harvesting Systems
7] Sprinkler Automatic Shut-Off Devices
8] Steam Sterilizer Condensate Retrofit Kit
III.

Energy Management, Policy, Economics
and Sustainability

ENERGY MANAGEMENT- A clean reliable water
source consumes energy. Water conservation leads
to energy conservation. The wastewater that flows
away from the home must be transported to a
wastewater treatment plant to be treated and released
back into the natural water cycle. This also requires
energy.
POLICY- National Water Policy is formulated
by the Ministry of Water Resources of the
Government of India to govern the planning and
development of water resources and their
optimum utilization. Salient features of the
Policy-

1] Resource planning and recycling for providing

maximum availability.
2] Guidelines for the safety of storage dams and
other water-related structures.
3] Regulate exploitation of groundwater .
4] To give importance to the impact of projects on
human
settlements
and
environment.
ECONOMICS- With water management a
growing societal concern, much attention is
being given to the potential for economic
instruments (EIs) to complement traditional
water management practices as part of a broader
policy approach to resource conservation and
protection. EIs address water management
challenges by providing four functions :
1] Financial function, to both encourage and finance
water efficiency and conservation investments
2] Fiscal function, to increase water resource
budgets or recover administrative costs.
3] Incentive function, to change water user behavior
4] Environmental Function, to incent behavior in a
socially desirable direction
SUSTAINABILITY- Achieving sustainable water
management requires a multidisciplinary and
holistic approach in which technical, environmental,
economic, landscape aesthetic, societal and cultural
issues are addressed. Sustainable water systems
should provide adequate water quantity and
appropriate water quality for a given need, without
compromising the future ability to provide this
capacity and quality
Sustainable Technologies For Energy Conservation
The energy conservation through energy efficiency
in the building has acquired prime importance all
over the world. The four main aspects for energy
efficiency in a building include first and foremost
the nearly zero energy passive building design
before actual construction, secondly the usage of
low energy building materials during its
construction, thirdly use of energy efficient
equipments for low operational energy requirement
and lastly integration of renewable energy
technologies for various applications.
Sustainable Development Goals [SDGs] And Green
Energy
SUSTAINABLE DEVELOPMENT GOALS- were
adopted by all United Nations Member States in
2015 as a universal call to action to end poverty,
protect the planet and ensure that all people enjoy
peace and prosperity by 2030.
GOALS-1] No poverty [2] Zero Hunger [3] Good
Health and Well-Being [4] Quality Education
[5] Gender Equality [6] Clean Water and Sanitation
[7] Affordable and Clean Energy
[8] Decent Work and Economic Growth [9]
Industry, Innovation and Infrastructure
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[10] Reduced Inequalities [11] Sustainable Cities
and Communities [12] Responsible Consumption
and Production [13] Climate Action [14] Life Below
Water [15] Life On Land [16] Peace, Justice and
Strong Institutions [17] Partnership For The Goals
GREEN ENERGY- Goal 7 of the SDGs aims to
correct this enormous imbalance by ensuring
everyone has access to affordable, reliable, and
modern energy services by the year 2030. To expand
energy access, it is crucial to enhance energy
efficiency and to invest in renewable energy.
IV.
RESULT
Increase in population results in water scarcity due
to greater demand. If urgent steps are not taken to
conserve water, most countries of the world,
especially India, will face acute shortage of water.
Some of the measures that can be taken for water
conservation are:
1] Plantation of trees and other vegetation to check
run-off and let rainwater seep underground.
2] Water harvesting should be done in both urban
and rural areas to store rainwater.
3] Effluent should be treated before they are drained
into water bodies.
V.
CONCLUSION
We can start saving water by making smart choices
at home. We should use appliances that are most
water and energy efficient.
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Abstract— Availability of sound road
aggregates is rare and costly nowadays due to rapid
growth in the pavement construction activity to
meet the increasing demand due to infrastructure
development. Construction of pavement requires
large quantity of earth material. India is
experiencing tremendous growth in infrastructure
including road network and highways. Roads are to
be designed with good reliability to fulfill the long
term performance during the design period. Long
term performance of flexible pavement depends on
the soundness of the underlying subgrade soil.
Unstable, poor or weak soil can create significant
problems for the pavement. Problematic and weak
soil has low California bearing ratio (CBR) which
require more thickness of pavement section.
Considering increasing cost of the aggregates, use of
weak soil by giving additional strength by way of
stabilization method is a need of time. Present
research study focus on the evaluation of benefits of
stabilization of subgrade soil. Silty soil having CBR
of 5.75 and plastic bottle granules were selected for
the
laboratory
investigation.
Experimental
program consisting of Atterberg limit, compaction,
California bearing ratio tests were carried out.
These tests were performed on unstabilized as well
as stabilized subgrade soil at different percentages
of stabilizers by dry weight of soil. Percentage of
plastic bottle granules was varied from 0.4%, 0.8 %,
1.2% and 1.6 % by dry weight of soil mass. Results
obtained from laboratory study showed that 1.2 %
of plastic bottle granules were optimum for the
improvement of strength characteristics of
subgrade soil stabilization.
Keywords—Plastic Bottles, Flexible Pavemnt,
California Bearing Ratio,
I.

INTRODUCTION

Plastic is everywhere in today’s lifestyle and its
disposal is a great problem. It is a non-biodegradable
product due to which these materials pose
environmental pollution and problems like breast
cancer, reproductive problems in humans and animals
and genital abnormalities. If a ban is put on the use of
plastics on emotional grounds, the real cost would be
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much higher, the inconvenience much more, the
chances of damage or contamination much greater.
Hence the question is not “plastics vs. no plastics” but
it is more concerned with the judicious use and re-use
of plastic-waste. Both the issues when taken together
lead to a single solution that we can use this waste
plastic in Flexible Pavements in such a manner that it
acts as an reinforcement in the sub base and increase
the durability of the pavement.
Stabilization of soil is the best place where this type
of material can be used up. There are different materials
in which can be used for stabilization of soils.
Stabilization of soil is the process of blending and
mixing with a soil to improve certain properties of soil.
The process of improving the stability or bearing
capacity of soil by addition of suitable stabilizers is
known as soil stabilization. In recent years, soil
stabilization has several applications like increase in
ultimate strength, improvement in California Bearing
Ratio and increase in the durability of pavement.
This study indicates that plastic waste bottles
granules can be utilized for stabilization of soil as per
the conclusion derived from different tests performed
on soil in various percentages of plastic bottles
granules. The main objectives of this present study are
to identify the optimum proportion of plastic granules
to be added in the soil mix for getting the required
strength and to compare the experimented results with
the conventional pavement details.
II. LITRATURE REVIEW
Tom Damion et al. concluded that by addition of
bottle strip with different aspect ratio as admixture in
soil, there is increase in CBR value and decrease in
permeability[1].
S.W. Thakare et al. studied the feasibility of
reinforcing soil with plastic straws of diameter 6 mm
and 20 mm height which are arranged in staggered
pattern. This plastic straws were mixed with soil for
determination of CBR values. The test showed that
with addition of plastic straw in soil there is increase in
CBR values and its strength increses [2].
Abhishek Patil et al. conducted Tri axial Test &
Direct Shear Test on soil reinforced with plastic Bottle
strip of size 1cm × 1cm. The comparison of test showed
that the soil sample using plastic strips gives better
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result than soil without plastic. The test result shows
the change in the strength parameter of soil [3].

the plastic limit has been determined by the
rolling thread of 3 mm diameter and then the
corresponding
consistency
indices
are
determined.

V. Mallikarjuna et al. studied the effect of plastic
strips (% by weight varying from 0% to 8%) on black
cotton soil and the optimum percentage of plastic strips
in soil was found out by conducting California Bearing
III. MATERIAL AND METHODOLOGY
Soil
For the present study, soil is obtained from Tala
village of Raigad district. Different properties of this
selected soil are presented in Table. 01
Plastic Bottles Granule’s
Used Plastic bottles are collected from
various location of Tala Market and G.M.V.I.T
campus. The plastic bottles are cut in to granules of
size 3mm width and 5mm length with help of
specially designed tool.
Experimental Program
Various laboratory test performed on the
selected soil are
Grain Size Analysis
As per the IS 2720 (Part IV) Grain size analysis
has been conducted on the given soil sample to
determine the of percentage of fine grains and coarse
grains present in the soil sample.
Specific Gravity Test
The specific gravity (G) of the given soil has been
determined by using Density Bottle Method. This
method is
Ratio Test. The result shows increase in CBR values
[4].
A.K. Chaudhary et al. studied the potential of
reclaimed high density polyethylene strips (HDPE)
as soil reinforcement for improving engineering
performance of subgrade soil. The test was carried
out to determine CBR value. Results of CBR tests
demonstrated that by addition of HDPE strip in soil
there is an improvement in the strength and
deformation behaviour of subgrade soil [5].
used to find the specific gravity preferably of
fined grain soil as per IS 2720 (Part III) 1980.
Free Swell Index
The Free Swell Index of the soil is determined
to check the Degree of Expansion of the given
soil sample as per IS 2720 (Part XL) 1977.
Consistency Limit
The liquid limit of the soil sample has been
determined by using Casagrande’s Apparatus and

Standard Proctor Test
The standard proctor test has been performed
as per the IS 2720 (Part XXVII). The dry density
of the particular soil sample has been determined
and then the graph has been plotted against the
corresponding water content to find the Optimum
Moisture Content and Maximum Dry Density
California Bearing Ratio Test
California Bearing Ratio Test has been
conducted to determine the CBR value of the given
soil sample for designing thickness of the flexible
pavement. The test has been done according the
procedure of IS 2720 (Part XVI) 1979.
Sr.
No.
1.

TABLE I. PROPERTIES OF SOIL SAMPLE

Laboratory Test

Results

Grain Size Analysis
D10

0.15%

D30

0.84%

396
D60

1.36%

Cu

9.067%

Cc

4.11%

Percentage of Finer

17.9%

Percentage of Medium

27.1%

Percentage of Coarser

55.0%

2.

Specific Gravity

2.06

3.

Free Swell Index

7.70%

Consistency Limits
4.

5.

Liquid Limit (LL)

49.14%

Plastic Limit (PL)

43.35%

Plasticity Index (Ip)

5.79%

Classification of Soil as per
Plasticity Chart
Standard proctor Test

ML, Inorganic
Silt

Optimum moisture content (OMC)
Maximum Dry Density (MDD)
6.

12.23%
1.306 gm/cc

California Bearing Ratio
Soaked CBR Value

Standard Proctor Test and California Bearing Ratio
Test has been performed on the soil when soil is
admixed with 0.4%, 0.8%, 1.2% and 1.6% of plastic
bottles strips by percentage weight of soil.
A. Standard Proctor Test
TABLE 02. VARIATION OF DRY DENSITY AND MOISTURE CONTENT OF
SUBGRADE SOIL

Maximum Dry
Density (gm/cc)

Unstabilized soil
Soil + 0.4% Plastic
Soil + 0.8% Plastic
Soil + 1.2% Plastic
Soil + 1.6% Plastic

1.1728
1.210
1.229
1.306
1.227

B. California Bearing Ratio Test

TABLE NO.03. VARIATION IN CBR VALUE OF SUBGRADE SOIL
DUE TO
ADDITION OF PLASTIC GRANULES

Soil + Plastic
Content

5.70%

IV. RESULTS AND DISCUSION

Soil + Plastic Content

Fig.01. Variation Of Dry Density And Moisture Content Of
Subgrade Soil

Unstabilized
Soil
Soil
+ 0.4%
Plastic
Soil
+ 0.8%
Plastic
Soil
+ 1.2%
Plastic
Soil
+ 1.6%
Plastic

CBR Value at CBR Value Percentage
2.5mm
at 5.0mm
increase in
Penetration(%) Penetration CBR Value
( %)
5.70
5.53
6.60

6.43

15.78

6.82

6.73

3.33

7.60

7.40

11.43

7.20

6.80

-5.55

Optimum
Moisture
Content ( %)
12.23
13.49
13.66
12.29
11.20

Fig.02. Variation In CBR Value Of Subgrade Soil Due To
Addition Of Plastic Granules
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CONCLUSIONS
On the basis of present experimental study, the
following conclusions are drawn
1. It can be concluded that CBR percentage
goes on increasing up to 1.2% plastic
granule’s in the soil and there on it decreases
with increase in plastic content. Hence, we
can say that 1.2% plastic content is the
optimum content of plastic granules in the
soil. The long term performance of flexible
pavement depends on the soundness of the
undelaying soil.
2. This project will help to minimize the plastic
waste generated in the society.
3. The main advantage of using waste plastic
bottles is because it is free of cost and its
make project economical.
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Abstract: Breathing concrete is basically the idea of
production of such building materials which can
release oxygen frequently. Cement releases carbon
dioxide when calcium carbonate is thermally
decomposed, but by some friendly biological
methods we can compel cement to release oxygen as
well. This research paper will let you explore through
some biological concepts and mixing of proper
cement proportions to create "breathing concrete"
and will shed some light on why and how we can
make this idea more common in our lives.
KEYWORDS:
Photosynthesis, Pervious, Bacteria Culture,
Sustainable Development.
I.

INTRODUCTION

As our generation is evolving from more of a green
environment to industrial age, most of the metropolitan
cities and towns in India are getting polluted. It's not
just because of the toxic gases such as CO2 released by
the industries but also due to the cutting down of major
oxygen producing resource which are trees. Also a
study suggests that Oxygen levels are decreasing
globally due to fossil-fuel burning. Even though the
changes are too small to have an impact on human
health, but are of interest to the study of climate change
and carbon dioxide.
Now talking about oxygen, there are many types of
bacteria that produce oxygen when suitable
environment and nutrients are provided to them. Some
of them are Methylomirabilis oxyfera, they produce
oxygen by fixing CH4(Methane) and NO2(Nitrogen
oxide).[1] And talking about Cyanobacteria it is
believed that cyanobacteria , also called the blue a
green algae, were among the earliest organisms on the
planet which excretedoxygen as a waste which is very
important for us, and our survival. They produce
oxygen during photosynthesis as they fix CO2
dissolved in the water. Cyanobacteria can be found in
almost every terrestrial and aquatic habitat—oceans,
fresh water, damp soil, temporarily moistened rocks in
deserts, bare rock and soil, and even Antarctic
rocks.[2]But this kind of environment cannot be found
in the active life right now, innumerable industries and
high rised buildings are often created and have become
a very common and it's not possible to stop this rapid
growth.
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Fig 1 : Blue Green Algae, Cyanobacteria [3]

We, the youth of today's generation can always find an
alternative to such problems. We know that the major
component in construction today is concrete, it is
extensively used in the making of building bridges,
roads, pavements and possibly everything. Making
such a concrete mix which can release oxygen by
adding some friendly biological organisms which can
release oxygen can result in the creation of
BREATHING CONCRETE. Using Cyanobacteria we
can possibly produce atleast some amount of oxygen
in the near future.
II.
LITERATURE SURVEY
After water, concrete is the most widely used substance
on the planet. But its benefits mask enormous dangers
to the planet, to human health. The industry alone is
worth over $37 billion and about 10 billion tons of
concrete are produced every year. Cement and concrete
for roads, bridges, skyscrapers etc generate 6% of the
world's annual emissions of CO2.[4] If the cement
industry were a country, it would be the third largest
carbon dioxide emitter in the world with up to 2.8bn
tonnes. Instead, its chief quality is to harden and then
degrade, extremely slowly.
Despite of all these advantages of concrete we cannot
tend to ignore it as it is after all the basic construction
material. So there is an urgent need to develop an
efficient and eco-friendly concrete which can sustain
economically longer without any pollution [6]
Adding organisms like Cyanobacteria under right
conditions can absorb CO2 to help them grow and
calcium carbonate which is the main ingredient in
limestone and cement
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CaO + H2O --> Ca(OH)2
Ca(OH)2 + CO2 --> CaCO3 + H2O
1. Why we chose Cyanobacteria

a.
b.
c.
d.
e.
f.

It is the only prokaryote which can produce
oxygen Performs photosynthesis similar to
plants
Can reproduce and heal cracks in concrete [8]
Reduce the environmental impact of the
construction industry [9]
Can suck up dangerous toxics from the air [10]
Can survive in extreme conditions
Has a lifespan of 3.5 billion years

1.1. Cyanobacteria's process of healing: To build
the living concrete, the researchers first tried putting
cyanobacteria in a mixture of warm water, sand and
nutrients. The microbes eagerly absorbed light and
began producing calcium carbonate, gradually
cementing the sand particles together. But the process
was slow. For making process faster they added
Gelatin in the solution. When they poured the mixture
into molds and cooled it in a refrigerator, the gelatin
formed its bonds. The gelatin provided more
structure, and worked with the bacteria to help the
living concrete grow stronger and faster.[11]
Additionally, such bricks would remove carbon
dioxide from the air, not pump it back out, the
researchers said.
The researchers also said that if one of the brick is cut
in half, it is capable of growing into a new brick.
According to the calculations roughly 9-14 per cent
of the bacterial colonies in their materials were still
alive after 30 days, and three different generations
in brick form.[12]

concrete, termed pervious concrete, is a great
solution to it. It allows water to permeate through its
microstructure to regenerate groundwater and
prevent surface water runoff typically associated with
hard surfaces. Especially in urban environments.[16]

Fig 3 : Permeable Pavements [18]

2.1. Why Topmix permeable concrete?

a.
b.
c.

It is porous, permeable [19]
Can absorb 4 liters of water per minute [20]
Not as much expensive

But due to high porosity of permeable concrete, the
strength is usually affected and thus Pervious
concrete is traditionally used in parking areas, areas
with light traffic, residential streets, pedestrian
walkways, and greenhouses. It is an important
application for
sustainable construction and is one of many low impact
development techniques used by builders to protect
water quality.[21]
III.

After referring through many technical papers, there
are still research gaps existing due to lack of resources
in this period and not experimenting. Also not many
ideas are already developed on this topic.
The main methodology which we have to focus more
is the design mix for the concrete which we will be
creating and infusing the desired bacteria and
providing it nutrition. Also if we speak about
Cyanobacteria, there are many types of it, some of
these species are even harmful when in clusters are
brought together.
IV.

Fig 2 : Cyanobacteria growing and mineralizing in sand
hydrogel framework [13]

However cyanobacteria needs humid conditions to
survive which is something that is not possible in
more arid regions of the world.[14]
2. Water absorbing concrete:

As cyanobacteria needs humid conditions to
survive,[15] we can use different types of cement in
which we can make them survive, Topmix permeable

RESEARCH GAPS

PROBLEM DEFINITION

The main objectives of our project are to provide a
green and sustainable environment, making the
environment pollution free and maintaining the
ecofriendly nature. Bacterial concrete can be made for
oxygen production and reduction of toxic gases from
the environment. Also by using waste materials, fly ash
etc which isn’t much expensive can be used for an ecofriendly environment. Using a suitable mix design and
providing strength to the bacterial concrete by giving
the required nutrients is the only motive.
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V.

PROPOSED METHODOLOGY

A survey was first conducted by our team members in
which around 85 people participated. The main motive
of the survey was to find out how aware people are of
the conditions right now and important they feel is
bringing green technologies for sustainable
development and bringing green construction materials
in use.

In our first question we had given a description about
how the manufacturing of cement involves production
of harmful gases such as CO2 and are a threat to our
environment, and what were their thoughts about

helps in production of oxygen and reduces harmful
gases and pervious concrete can help in percolating
water in the soil which would keep the groundwater
level intact.
Now there are two methods which can be used create
bacterial concrete.
1. Healing concrete method : In this the
Cyanobacteria was added in the mixture of water, sand
and mortar with some nutrients. [24]
Dr. Will Srubar, a structural engineer at University of
Colorado had invented a type of concrete which could
heal it's own cracks with the help of infusing bacteria
in it. Warm water, sand and some other nutrients were
added to give rise to this. Production of calcium
carbonate was done by the microbes who absorbed
light, which gradually cemented the sand particles
together. But as this process was slow, Dr Srubar used
a food ingredient gelatin, which when added in cooled
water made special bonds between its molecules. Also,
as the gelatin and the temperature was gentle on
bacteria it was used. Also it strengthened their matrix.
2. Biological treatment was done on the concrete by
applying cells on the concrete surface in the right
environmental conditions.[25]
A proper environment for bacterial cells has been
provided and thus cells are being applied on the
concrete. Using such type of concrete has brought great
advantages as it increases strength and durability.
Also it has proved by El˙zbietaStanaszek-Tomal that
bacterial concrete possessed 28% more strength than
the normal mortar blocks. [26] Thus we feel that this
any of the two methodologies mentioned above can be
helpful in our experiments.The graphs mentioned here
can help us in figuring out the compressive and the
tensile strength of the concrete after the addition of
bacteria.

switching to green technology or green construction
techniques. In the second question we had given a
description about ground water depletion. The ground
water used in India is 1 year is around 190 km3 and
graphs show that India uses the most groundwater.[22]
Thus this could just be disastrous if all the groundwater
just gets depleted. One of the major issues of water
depletion is also building of concrete roads and
foundations of structures. [23] The water doesn’t
percolate through concrete roads and thus we asked
people their thoughts on this. For both the cases
maximum of the people think positively and that
something related to this must change.
Thus we thought of mixing both the ideas ie. using
Cyanobacteria in pervious concrete as Cyanobacteria

Fig 4: Compressive strength of conventional and
bacterial concrete (N/mm2)
CC: Conventional concrete, B1: Addition of 10ml of
bacterial culture, B2: Addition of 20ml of bacterial
culture [27]
Fig-5: Split-Tensile strength of conventional and
bacterial concrete (N/mm2)
CC: Conventional concrete, B1: Addition of 10ml of
bacterial culture, B2: Addition of 20ml of bacterial
culture [28]
Also we are trying to keep the research as simple as
possible. We made a flowchart for summarising all the
above methodologies and procedures for a better and
easy representation
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VI.
CONCLUSION
Thus we can conclude this case study by stating ample
advantages of cyanobacteria, and why it can be
introduced in the field of civil engineering for
construction purposes. As cyanobacteria sucks up toxic
gases from the air and can also dwell and reproduce in
humid conditions it becomes the most favorable
biological matter which can be used for this study. Also
the porous concrete, which is permeable concrete
allows water to seep below creating a shelter for the
cyanobacteria to perform its task of oxygen production.
With proper humidity and sunlight, cyanobacteria, with
the help of photosynthesis can release a good amount of
oxygen in the environment which is indeed a necessity
nowadays
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ABSTRACT: In today’s era the scarcity of water
has heightened to such a level that the old water
harvesting, saving method has become totally
out-dated. In this research paper summarises the
new concept of water management using
pervious concrete. The in-depth analysis of the
manufacturing and the applications of the
pervious concrete is discussed in this paper.
Paper also highlights the potential applications of
pervious concrete and its future application by
overcoming its deficiencies.
KEYWORDS: Pervious concrete, asphalt
concrete, geo textile

I.

Introduction:

There are many crises related to water and water
scarcity is one of them. As we are all aware of the
fact that there is only 2% freshwater available and
rest of 98% consist of salt water. This 2% of fresh
water available for the usage purpose is been
contributed by 87% of glaciers, 1% of lakes and
rivers and 12 % of the ground water available.
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Pervious concrete is a multipurpose pavement
unlike conventional Asphalt or concrete pavements
which create storm water runoff[1]. Pervious
concrete provide hard and durable, vehicle or
pedestrian, surface while as our passive form storm
water management system totally design system has
no enough to manage, 100% of the water that falls
on it infiltrate through it removing the need for
additional single purpose infiltration and treatment
devices, drainage pipes, curbs, gutters and slopes
that reduces the amount of developable land and add
to project costs.
II.
. Basic Idea:
2.1. Rain-water Harvesting is an effective method
for conservation of water. In this process the
rainwater is collected and stored before it is lost as
surface runoff. Using the concept of rain water
harvesting and implementing the pervious concrete
I.e. together using this two techniques we can store
rainfall water as a water used in our daily purposes
which is thrown away and can treat and filter this
water i.e. make liable to use it
Rain water harvesting is possible by integrating
pervious concrete in possible structures which
allows water to permeate through it and helps in
maintaining ground water level.

Fig.1. water distribution

Fig.2 fresh water distribution
Water shortage leads to illness and billions of people
all-around suffer death aspiring diseases and this is
due to lack of proper quality and quantity of water
made available. Thus bringing a solution for this
problem we are introducing the concept of rain
water harvesting using the pervious concrete system
hence recharging the ground water table.

for daily purposes (for e.g. water can be used for
flushing in commode, gardening purpose, etc.). This
water can be also used for domestic purposes such
as bathing, cleaning purposes as the source of the
water is rainfall itself whichin itself contains soft
water only we have do is treat the water well.
2.2. Previous concrete is a durable concrete
pavement with a large volume (approx.20%) of
interconnected voids. Like conventional concrete, it
is made from a mixture of cement, coarse aggregate
and water. However, it contains little amount of sand
or no sand resulting in an open-cell structure voids
that allows water to flow through it readily [4]. The
porous concrete is instrumental in recharging
groundwater, reducing heavy water runoff by
capturing rainfall and giving the directions to flow
through the previous concrete[1].This concept of
pervious concrete is relatively new for rural road
pavements. This property of pervious concrete helps
to recharge the ground water .This pavement
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technology creates more efficient land use by
eliminating, the need for retention ponds swales, and
other heavy rainfall water management devices. The
ever increasing future demand can be lower down
using such methods. This method can definitely help
us in recharging ground water table which is day by
day going down due to the cities turning them totally
into concrete. Concrete is growing in large amount
around us and there are hardly some spaces left (i.e.
grounds and open spaces) through which water can
flow inside the ground. Hence resulting in lowering
of ground water table. To maintain required ground
water table we suggest uses of pervious concrete
which is having very good skid resistance [5],
increased life span as compared to normal concrete,
comparable strength to normal concrete[3] and ecofriendly[1] as well.
Effective Water management using
pervious concrete
Many of the people faces the losses of valuable areas
of the property to rain gardens, bio-sales or detention
ponds. Also such expensive underground tanks
which are enormous and the rainwater that gets
collected during the monsoons in the property. So
the straight forward, cost effective, solution is using
permeable concrete instead of general i.e.
commonly used concrete.
During heavy rain falls, plenty of water in the form
of rain is wasted which can be stored for the future
use. In country like India, where the scarcity of
water is a major issue, we can implement this rain
water by storing it in the
tanks or giving it a direction to the flow of ground
water so that it can contribute to the ground water
table. Here is the thing where pervious concrete
system can be planned and be implemented. The
basic logic is to use pervious which means
permeable (in simple words anything can be pass
through it easily). The concept of this system is to
make a change in the planning and management of
the driveways, parking areas and many other places
where general concrete can be replaced by pervious
concrete.
The pervious concrete without any help allows the
water to flow through it and make its way inside the
ground. What we have to do is just replace the
concrete with pervious concrete. What it will do is it
will simply allow the water which at the time of
monsoons and other reasons gets percolated in an
area to flow and make active participation in
recharging the ground water table which is getting
lowered day by day. This lowering of ground water
table is due to the streets and the cities turning totally
into concrete and the surrounding getting developed
in such a way that there is no space left for the water
which gets percolated, to seep down into ground and
contribute to ground water. This is one of the
reasons of scarcity of water in our country. Also
somewhere if the water is getting into the ground
III.

there are high chances that water will contain
pollutants and all unwanted chemicals which can
lead to pollution in water. As this ground water
further contributes to the ponds, rivers, lakes, etc.
And this can harm the life of the species too.
The solution to all this can be, building the pathways
beside the streets/driveways, grounds where the
concrete is to be used and all the things which would
be possible to replace the concrete with the pervious
concrete leaving the high load traffic areas. This
concrete not only allows water to seep into ground
but also infilters the water as it is made up of number
of layers which makes the water suitable to
contribute to water bodies without polluting them or
harming any species.
Potential Applications of Pervious
Concrete:
4.1.
Use
of
pervious
concrete
in
societies/apartments:IV.

Fig. 3 use of pervious concrete in apartments
The rainwater management in the previous system
can be in such a way that the water percolated in
different areas can be brought together in a specific
area where the pervious concrete system is applied
(if only a certain part is constructed as pervious
system). Also the water which gets percolated on the
roof of the apartments can be brought down near the
concrete area by the use of the pipelines and the
water can be directed to flow in that particular area
where it is applied and water can easily find its way
down inside the ground. As the water will flow
through the surface and then from its multiple
layering’s it will get in filter up to extent and the
water can be collected through the pipe. And the
over water can make its way to the contribution of
ground water table.
4.1.1By filtering and treating the water: Once the
water seeps down the ground the tank container will
collect the water which gets fitted in it and the
remaining water will contribute in recharging
ground water table. The pipes of the tank container
will be further connected to a tank system where all
the water filtration and treatment of water will be
done. This treated water can be stored in the
containers. And the treated water can be used for
domestic purposes in our household activities such
as bathing, cleaning ,etc.
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Fig. 4 Rain water filtration plant
4.1.2Without filtering and treating the water:
The container below the ground will collect the
water and the pipe will be connected to the tank
directly. This tank containing in filter water can be
used for purposes such for as flushing in the
commodes. The study says that the flushing for the
single time wastes 1.6 gallons (i.e. 6litres of water)
at a time. This wasting of pure water which is send
to us by government by treating the water for
making useful use of it is being wasted by us only
just by flushing once. So this thought of using this
infilter water for flushing the toilets is more
effective than anything else.

Fig. 5 use of pervious concrete in society
4.2Use of pervious concrete in playground:
The playgrounds are something which are meant to
be designed as an area where the children can play,
learn, enjoy themselves, especially at the schools,
colleges and parks . An area where a particular group
of people come together and enjoy. Here pervious
concrete system helps in such way that the playing
area where concrete has been applied can be
changed with pervious concrete. Which will make
the rainwater to get inside it and flow through it and
contribute to ground water table recharging. It is
much effective method for the management of the
rainwater. Basketball, volleyball, tennis, Athletic
activities (running) etc. playing area can be replaced
by pervious concrete rather using general concrete.

Fig 6 Use Of Pervious Concrete In
Playground
4.3Use of pervious beside the driveways:
As we know that the conditions of our roads during
the monsoons, there are potholes everywhere on the
roads full of water and an reason behind the
accidents too. This all happens as there is no certain
direction given to the water to flow besides the
driveways. The construction of roads are done in a
way that the road is having a height than the beside
space , it actually looks like a slope which is kept in
way that water can be directed down and not get
collected on the road. The previous system helps in
a way that as the water will be directed down the
road it will absorb all the water as a thirsty concrete
and give water a way down the ground helping in
recharging the ground
water table. As pervious concrete has low strength
than the general concrete it cannot be used on high
traffic roads[6].
V.
CONCLUSION:
Our water management concept with the flavour of
pervious concrete system for increasing the ground
water level all works for managing the water system
which we are not able to do with increased
concretisation. It is an eco-friendly method without
harming our nature and giving all back what we got
from that is a better way of maintaining the cycle.
This preliminary thought of managing the system
with the help of a new concept of thirsty concrete is
much effective and need to be implemented in
increasing the fresh water all around is discussed.
VI.
FUTURE SCOPE:
Being an eco-friendly concrete system it has an
abundant future scope and work to do on the topic.
The concrete can be made in a way such that it
would contain all the materials it lacks now for being
as strong as the general concrete with the help of
hybrid. With improved strength it is possible to use
the concrete even for heavy applications.
References
1.Massachusetts Low Impact Development
Toolkit—Fact Sheet #6 Permeable Paving.
Metropolitan
Area
Planning
Council
http://www.mapc.org/sites/default/files/LID_Fact_
Sheet_-_Permeable_Paving.pdf
2. Tennis, P. D., Lemming, M. L., and Akers, D. J.,
Pervious Concrete Pavements, EB302, Portland
Cement Association, Skokie, Illinois, and National
Ready Mix Concrete Association, Silver Spring,
Maryland, 2004, 25 pages.
3. Malhotra, V. M. 1976. “Permeable Concrete – Its
Properties and Applications”, Journal of the
American Concrete Institute. Vol 73. No. 11. pp 628
– 644.
4. Australia Standard, As 1012.2 – 1994. “Method
2: Preparation of concrete mixes in the laboratory”,
Standard Australia Committee. Australia standard,
AS 1012.3.1 – 1998. “Method 3.1;7: Determination

Technology e-Conference 2020

of properties related to the consistency of concrete –
Slump Test”, Standard Australia Committee. .
5.Department of Civil Engineering University of
Botswana.
6. Ayers, R 2004. “Transport Engineering – Study
book. University of Southern Queensland”.

Review on the Strength of Concrete using
Magnetized Water
Prof. Arpit Vyas
(Project guide)
Department of Civil Engineering
Thakur College of Engineering and
Technology
Kandivali, Mumbai, India
arpitvyas73@gmail.com

Mr. Yashwantrao Mitnasala (52)
(U.G. student, Civil Engineering)
Department of Civil Engineering
Thakur College of Engineering and
Technology
Kandivali, Mumbai, India
yashwantraomitnasala@gmail.com

Mr. Kedar Pansare (59)
(U.G. student, Civil Engineering)
Department of Civil Engineering
Thakur College of Engineering and
Technology
Kandivali, Mumbai, India
pansarekedar@yahoo.com

Abstract—In this research paper, we will be
studying about the effects of use of magnetic
water in concrete. It is observed in various tests
that, magnetic water has augmented the
properties of concrete. Methods that were
adopted by researchers around the world to
magnetize water will be discussed. Our topic of
interest is data obtained for compressive
strength, split tensile strength, flexural strength,
and workability of concrete for various
combinations of cementitious materials with
concrete using magnetized water. We shall
discuss about these tests that were conducted and
their practical implications.
Keywords—Electromagnetism, magnetized water,
strength of concrete
I.
INTRODUCTION
It has been noticed that introduction of magnetic
water in the concrete mix has enhanced the
properties of concrete significantly. This study of
the effects of magnetic field on concrete mix and the
alterations caused in the hardened concrete is our
topic of interest. We will be discussing about the
changes in the properties of concrete due to use of
magnetic water.
Magnetic water is essentially water which is
exposed to a magnetic field. This exposure of water
to a magnetic field brings about changes in the
physical properties of water. Hydrogen bonding is a
key factor in understanding the fundamental
difference between regular and magnetized water.
The water molecules in regular water form a cluster
due to hydrogen bonding. Water molecules are
attracted towards each other and form groups or
clusters of water molecules. However, when
exposed to a magnetic field, these hydrogen bonds
are broken and these clusters are reduced which in
turn, increases the activity of water molecules. This
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effect of magnetic field on water was confirmed by
Inaba et al [1] and Cai et al [2]
Magnetized water differs from pure water in optical
properties,
electromagnetic
properties,
thermodynamic
properties
and
mechanical
properties such as bond angle, dielectric constant,
electric conductivity, pH, solubility, viscosity,
surface tension, boiling point and freezing point.
[3]–[6] These changes in the properties of water are
retained for a long duration even after the removal
of magnetic field.
Application of magnetic field cause a great increase
in ultraviolet absorption of water. Increase in the
exposure 2
duration of water to the magnetic field shows
increase in absorption intensity of ultraviolet light.
Additionally, there is a decrease in the surface
tension as compared to that of pure water which
suggests that there is also a decrease in
hydrophobicity of water. [8] Surface tension is an
important property of water that affects the
hydration and hardening process of concrete. During
the hydration, the surface of the cement particle
reacts with water and forms a thin layer around the
cement particle that restricts further hydration. Due
to partial reaction of cement, the true potential of the
cement particle is not achieved in terms of its
strength. In this process, the use of magnetized water
promotes further hydration of the cement particle by
impeding the formation of hydrate layer around the
cement particle.[9] The water molecules penetrate
more into the cement and eventually the strength of
concrete is increased.[8]–[12] This also reduces the
pores present in the concrete structure. The
microstructure of the concrete is significantly
improved which also increases the density of the
concrete.[13], [14]
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retain in a glass beaker over a circular magnet of
strength m. The beaker with pure water is placed
above the magnets for a period p. The magnetic field
lines penetrate through the glass and magnetizes
water. The polarity of the magnet is noted.
b) Magnetization of circulating water: In this
method, a magnetic station is fixed at a spot of a
water-tube system. The magnetic station consists of
two permanent magnets of strength m. The water is
circulated n number of times at a speed of s by using
a simple pump.
c) Magnetization is also done by using magnetic
water machines that are widely available in the
market; such as Aqua Correct. This applies a similar
approach as the magnetization of circulating water.
II.
LITERATURE REVIEW
The efficiency of these methods and the technology
itself has been tested in various aspects around the
world. We will be discussing the data of these tests
and experiments to elicit the accurate implications
of each datum in accordance with the other. The
review is divided according to the grade of the
concrete that was targeted.
M20:

Figure 12. SEM images (5000×) of concrete
mixes with (a) regular tap water; (b) magnetized
water after passing 10 times and (c) 80 times
through a permanent magnetic field at a constant
speed of 2.25 m/s.
The main advantage of magnetization procedure of
water is that, it is a simple method which does not
require a lot of energy when a permanent magnet is
used. Permanent magnets can be installed easily on
a water-tube system, requiring no further energy for
magnetization. There are other methods too, that are
used to magnetize water. In general, these methods
differ in the level of sophistication. Our aim is to
determine the most efficient method that will serve
to be economical too.
There are 3 methods of magnetizing water that are
widely adopted. Those methods are described
below:
a) Magnetization of stationary water: In this method,
magnetic water is prepared by allowing water to

M25:

M30:

M 40
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The above tables numbering from 1 to 4 describe the
compressive strength of concrete blocks by
comparing two samples i.e. magnetic and nonmagnetic samples. Different grades of concrete have
been compared and their variations in percentage are
mentioned above. We can observe that, when the
concrete is prepared by magnetized water, we get
higher compressive strength when compared to nonmagnetic sample. The highest percentage increase in
compressive strength has been observed under M25
grade (28 days) and the least percentage increase in
the compressive strength has been observed under
M30 grade (28 days). It should also be noted that
magnetization done by method show higher
percentage increase for the same grade of concrete.

The above graph a. narrates about the split
tensile strength test that has been performed on the
concrete blocks for magnetic as well as nonmagnetic water. Different grades of concrete blocks
have been examined and by studying and comparing
the samples, we see an increase in the split tensile
strength by using magnetised water. We also
observe that the highest percentage increase in the
split tensile strength has been observed in M20 (7
days) grade and the least percent change in M25 (7
days) grade.
The below graph b. discusses about the flexural
strength in the concrete. Different grades of concrete
blocks have been studied and their flexural strength
has been mentioned above. The highest percentage
increase in the flexural strength of the concrete
block is 60% which have been observed for M40
grade. Whereas, the least percentage increase has
been observed for M20 grade concrete. A trend can
also be observed that the flexural strength of the
concrete prepared by the magnetized water increases
with the grade of the concrete.

The above table represents the data of the
compressive strength of the concrete blocks when
prepared by the magnetized as well as nonmagnetized water. The data provides us compressive
strength of both the samples after 28 days. The data
suggests that the low-grade concrete when prepared
with the magnetized water can provide us with high
compressive strength which is comparable to the
high-grade concrete prepared with the nonmagnetized water. But the data also shows a lot of
variation in the strengths at the range of 50Mpa to
65MPa where there is a decrease in the strength. [17]
Su and Wu [18] had studied the effect of magnetic
water on mortar and concrete with fly ash. It was
observed that magnetized water can improve the
compressive strength and the flow ability of mortar
specimens with fly ash when compared to mortar
specimens with pure water.
Bharath et al. [19] observed that the use of
magnetized water augmented the workability of
concrete mixes with 50% copper slag and cement.
Similarly, Gholhaki et al. [9] reported that the use of
magnetized water can improve the flowability and
viscosity of self-compacting concrete (SCC) when
compared with pure water.
Researchers have also reported that using
magnetized water in concrete production leads to an
increase in the workability and strength of the
concrete which does not require addition of more
water or materials such as plasticizers. [11], [20]
Ahmed [8] has studied the behavior of magnetic
concrete with Egyptian nano alumina. It was
concluded that a positive effect was see in the
characteristics of concrete mix was obtained.
Wei et al. [10] observed that the use of magnetized
water in concrete reduced the early-age shrinkage
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cracking in concrete when compared to the
specimens with pure water.
It has also been reported that the use of magnetic
water can also decreases the amount of cement by
about 5%, and can also resist the concrete from
freezing. [17]
Jalal et al. reported that it takes a long time for the
stagnant water to get magnetized which is a practical
hurdle. [21] It was also reported that the magnetic
memory of water is short lasting from a practical
point of view. It could last about 12hrs and therefore
the water should be added to the mix as soon as
possible after magnetization. Also, introduction of
ferromagnetic substance interferes with the
magnetization process. [19], [22], [23]
III.

RESULT

It is observed that different methods of
magnetization have yielded varying data regarding
the improvements caused by the use of magnetized
water. The proper derivation of each method is
missing. But through a practical application point of
view, the method using commercial magnetic water
machine is much more pragmatic than other
methods and can be easily adopted. Although the
strength increase is lesser using this method but
there are other factors such as increase in
workability of the mix which contribute for its
selection as a prospect for practical application. The
efficacy of this system also needs to be thoroughly
tested. It is also observed that when magnetic water
is used with superplasticizers shows a fluctuating
data. The data for cement of grade around M50 are
not positive. However, data for higher grade cement
again are positive and pragmatic.
Another problem that can be seen is the production
of magnetic field for magnetization in remote areas.
As suggested by Taman et al. [24], it was clear that
the water-tube system with 0.8T did not show any
significant magnetization whereas results shown by
Jain et al. [16] that suggested magnetization was
done at 0.8T as well. This discrepancy needs to be
investigated.
Another point to note would be that, 2 tests were
conducted using different methods for the same
grade of concrete i.e. M20. The magnetic fields that
were applied were drastically different. Experiment
performed by Reddy el at. used a magnetic field of
985Gauss whereas experiment performed by
Gholisadeh et al. used a commercial Aqua Correct
that produces 6500Gauss of magnetic field. The
results obtained by Reddy et al. were much more
significant than Gholisadeh et al. From this
comparison, no result can be drawn about the
relationship between the strength increase of the
concrete and strength of exposed magnetic field.
Two studies done with the same method;
Magnetization of stagnant water on different grades
of concrete show different % increase. Reddy el at.
performed the experiment for M20 at 985Gauss

magnetic field strength where as Sindhuja el at.
performed the experiment for M40 at 1200Gauss
magnetic field strength. The strength gains were
observed to be around 55% and 20% respectively.
Again, no correlation could be obtained from this
data.
IV.
CONCLUSION
The above discussed papers and their results do
suggest that the technology of magnetized water is
promising but it lacks practical applications. The
major problem lies in the fact that the magnetization
of water cannot be carried out on a large scale. The
most effective method in terms of strength increase
is the method of magnetization of stagnant water.
However, this method cannot be applied for kgs and
tons of water that is required for large projects as it
would require bigger electromagnets which is
impractical. In the other methods adopted, the
change is less and varying. There is a need of
practical approach for application of magnetic water
technology in the industry.
Another problem with the method of magnetizing
stagnant water is that, it is time requiring process.
The water needs to be left stagnant for a
considerable number of hours to ensure enough
magnetization. The system also gets affected by
ferromagnetic materials like steel, which is an
essential building material. Magnetic memory of
water is another impedance. The properties of
magnetized water are seen to last only for a few
hours (up to 12hrs). Therefore, transportation of
water through longer distances to the areas where
magnetization is not possible would not be such a
good idea because the efficiency of this method will
decrease significantly. These factors need to be
overcome in order to make this technology
pragmatic and apply in the field.
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I.
INTRODUCTION
No fine concrete is the special type of high porosity
concrete which is used for flatwork applications which
allows water from precipitation and other sources to pass
through, so reducing the runoff from a site and recharging
ground water levels. The use of pervious concrete may
recharge ground water, reduce storm water runoff, and
prevent glare and skidding during rainy season by allowing
water to infiltrate freely through its pores. In addition,
pervious concrete can be produced at low cost, thus it can
be considered among the most attractive sustainable urban
drainage systems. So, main aim of this research is to use
supplementary cementations materials to develop a high
strength no fine concrete with less cost.
II.
LITERATURE REVIEW
Pervious concrete is a type of lightweight concrete that is
porous, obtained by detaching sand from the normal
concrete mix. Furthermore, it really is known as no-fine
concrete. The advantages of this type of concrete are lower
density, less cost due to lower cement content and no use
of fine aggregates, relatively low drying shrinkage, lower
thermal conductivity, no capillary movement of water and
better insulating characteristics than conventional concrete
because of the presence of large voids.[7]
The usage of supplementary cementitious materials,
(SCM),such as Silica fume, Fly ash, Metakaolin, Hypo
sludge, Rice husk ash etc. in concrete was experimented
and concluded that it can be a new innovative usage in
making of concrete.[6]
Civilization is the part of human life, and technology
which is advancing rapidly from centuries. Many efforts
are made so far in developing of new construction
materials. In the construction industry, concrete
technology is plays a vital role. The increasing amount of
waste is a concerning reality that has across the
sustainability issues of the environment. They used
industrial waste as a substitute of cement to make porous
concrete.[5]
A test of compressive strength of porous concrete with
different w/c ratio was done. At the end of 28 days after
testing he concluded that the compressive strength at w/c
ratio 0.53 was greater than that of 0.56 and 0.6.[3]
An experiment was carried out on the applications of
pervious concrete and also develop a strong and durable
Pervious cement concrete mix using additive
polycarboxylate as addition.[4]
Polypropylene monofilament and fibrillated fibers as raw
materials in varying percentage was used and carried out
an experiment to determine mechanical properties of
porous concrete reinforced with the fibers. The results
showed that as the percentage of fibers increases the
compressive strength is increased.[9]
An experiment was conducted regarding environmental
benefits of PCPs, in terms of storm water runoff reduction,
underground water quality improvement, heat-island effect
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mitigation, traffic noise reduction, and skid resistance
improvement. The hydraulic performance of PCPs is
determined by its mix design, pavement design,
construction practice, and service environment. In general,
it is difficult to simultaneously optimize the mechanical
and durability properties and infiltration performance of
PCPs. New technologies need to be developed to help
improve the durability of PCPs without significantly
increasing its maintenance requirements or sacrificing its
infiltration properties.[1]
Natural pozzolana is used as a supplementary cementitious
material to partially replace of Portland cement in concrete.
This research work is made previous concrete on 10%,
20% by weight replacement of cement with and without
pozzolana. Mix design is based on the no slump method
from the American Concrete Institute’s Committee
211.3R-02. This concrete is tested for its properties, such
as density, void content, water permeability and the
compressive strength with various ages. According to the
results, pozzolana replacement of cement increased as the
compressive strength and permeability and durability of
pervious concrete decreased.[8]
Experimented was conducted to find the influence of
incorporating two different types of recycled aggregates
from construction and demolition waste, brick ceramic
aggregate and crushed concrete aggregate, on the
performance of pervious concrete under compression and
flexural strength. At the end of 28 days the compression
strength with recycled aggregates was 5.79 Mpa which is
in the allowed range of ACI.[2]
The compressive strength and the infiltration rate of
concrete in which the fine aggregate was removed from 0
to 100% was find out. They concluded that almost 50%
compressive strength decreased by reduction of 100% sand
from the design mix. On the other side, infiltration rate for
28 days shows direct relation above 40% reduction of sand
and highest 273% of infiltration rate by reducing 100%
sand from the design mix. The 90% reduction of sand from
concrete give considerable compressive strength of 2150
psi and infiltration rate of 165.79 inch/hour, which can be
recommended for pavements of parking and walking
area.[7]
NDT tests were done to increase the effectiveness of the
quality assurance of pervious pavements. Predictive
models for hydraulic conductivity and compressive
strength of pervious specimens were derived using only
UPV combined with total void ratio. The results confirm
that UPV offers a technique for rapid assessment of inplace properties of pervious concrete, either to supplement
or replace core testing in some cases. Combined use of
UPV and void ratio was found to outperform the models
based on a single test result. Based on the obtained results,
statistical models were put forward for predictions of
pervious concrete’s hydraulic conductivity and
compressive strength.[10]
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The study was conducted to analyse the hydrological and
structural properties of pervious concrete which is
reinforced with glass fibre in various ratios
(O.5%,1%,1.5% by weight of cement). Compressive
strength and flexural strength obtained is compared with
the normal pervious concrete.[11]
The compressive strength of porous concrete is relatively
low because of its porosity but at the same time we increase
water absorption quality. Due to low strength it cannot be
used as a road pavement. The pervious concrete can only
be applied to footpaths, parking and where low strength is
required.[19]
Experiment carried out in which cubes of pervious
concrete with mix proportion varying from 1:5 to 1:6 with
size of gravel such as 10mm were casted and their
compressive strength and permeability were checked at the
end of 28 days.[12]
The paper evaluates the factors affecting the strength and
hydraulic parameters of pervious concrete, presents results
of long-term infiltration monitoring and cleaning
operations. The specific objectives of the study were to
determine compressive strength of pervious concrete cube
after 28 days curing; determine the infiltration ratio of
pervious concrete slab.[16]
Pervious Concrete Pavement various mix proportions were
prepared by replacing cement with silica fume (6% by the
weight of cement), by adding super plasticizers (0.13% &
0.25%) and varying size of aggregates. The water-cement
ratio was kept constant 0.34. Different properties of
pervious concrete e.g. workability, compressive strength,
split tensile strength, flexural strength test at 7, 28 & 56
days and bond strength tests at 28 & 56 days were studied
experimentally.[17]
In this research study done the (OPC) cement has been
replaced by Rice Husk Ash accordingly in the range of
10% and 20% by weight of cement for 0.30, 0.35, and 0.40
water/cement ratio. The compressive strength test and
flexural strength test was carried out for 7, 14 and 28 days.
So the aim of the investigation is to study the behaviour of
pervious concrete while replacing the RHA with different
proportions in concrete.[13]
An Experiment was carried out in which Pervious concrete
has little or no fine aggregate and has just enough
cementitious paste to coat the coarse aggregate particles
while preserving the interconnectivity of the voids.
Pervious concrete is traditionally used in parking areas,
areas with light traffic, pedestrian walkways, and
greenhouses
and
contributes
to
sustainable
construction.[15]
The study was carried out to look into the impact of size of
aggregate (20mm and 10mm), w/c ratio (0.32 & 0.28),
super plasticizers (auramix 400 & conplast sp 430) and
different percentage of fibre (i.e 1% & 2%) on the behavior
of pervious concrete and were described the resemblance
with 4 criteria: Compressive strength, split tensile strength,
flexural strength, and permeability test.[14]
In concrete fine aggregate was replaced with coarse
aggregate in the range of 50 - 100 % by weight. Various
mechanical properties of the mixes were evaluated.
Coefficient of permeability was determined by using
falling head permeability method. The relationship
between the strength, abrasion resistance, permeability and

total void present in aggregate based on angularity number
has been developed.[18]
III.
RESEARCH GAP
To find a additive which can increase the compressive
strength of no fine concrete and at the same it doesn't
increase the cost of construction. To design a no fine
concrete suitable not only for parking and sidewalks but
also for pavement not subjected to heavy loading.
IV.
METHODOLOGY
To add glass fibre in 1 and 2% of cement so as to check in
change of the compressive strength of no fine concrete and
also to replace 20% of cement by metakaolin. Coarse
aggregates to be used should not be bigger than 10mm IS
sieve. To check the compressive strength and permeability
of no fine concrete containing glass fibre and metakaolin
and compare it to normal no fine concrete. A survey was
also conducted to find out the awareness of this technology
and to know the issue of water logging in different areas.
Majority of the areas are facing water logging issues and
thus this concrete can proved to be useful to decrease the
runoff.
V.
EXPECTED OUTPUT
Adding of glass fibre in optimum quantity expected to
increase the strength of no fine concrete, also metakaolin
can prove to be a good additive which helps in increasing
the strength.
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Abstract:
A slum is usually a highly populated urban
residential area consisting mostly of closely
packed, decrepit housing units in a situation of
deteriorated or incomplete infrastructure,
inhabited primarily by impoverished persons. This
paper will highlight us about how we can create a
well developed city and prevent slum areas and
shows how it can create better habitats for slums
and will also help in increase of employability of
civil engineers with new projects.
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etc
I.
INTRODUCTION
A slum is usually a highly populated urban
residential area consisting mostly of closely
packed, decrepit housing units in a situation of
deteriorated or incomplete infrastructure, inhabited
primarily by impoverished persons. Although
slums, especially in America, are usually located in
urban areas, in other countries they can be located
in suburban areas where housing quality is low and
living conditions are poor. While slums differ in
size and other characteristics, most lack reliable
sanitation services, supply of clean water, reliable
electricity, law enforcement, and other basic
services. Slum residences vary from shanty houses
to professionally built dwellings which, because of
poor-quality construction and/or lack of basic
maintenance, have deteriorated. The socioeconomic situation of India puts it in a strategically
unique position in the post-world-war libertarian
society. Post-independence, India has witnessed
unprecedented growth, shadowed by a population
explosion straining every national resource and
crippling every effort taken by the succeeding
government to alleviate its ailments. The burden of
the democracy is felt by the nation through political
upheavals and unstable governments rewriting the
national policies every five years with diverging
visions and ideologies. The chaotic administration
of the nation is further complicated by the
economic policies and consequent trend setting
growth of new industries in a short period of time.
All together resulting in the metaphorical elephant
that is India. With the national GDP growing at the
rate of 8% for the last 4 years, the elephant seems
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to be moving fast inevitably making the world step
back and take notice (Meredith, 2007). The
population in India already constitutes 17.5% of the
world population and continues to grow at a rate of
1.4% annually. At the same time India has seen a
gradual change of policing from decentralization to
urbanization in the succeeding five year plans, as
heavy-industrialization and commercialization are
given increasingly more impetus compared to
agriculture and agro-based industries. These factors
have resulted in a growing trend of rural to urban
migration in the nation. The development of the
democratic thought in the recent years has brought
the issue of right to housing for poor to the
forefront. This thought has seen the government of
India take efforts to accommodate the squatters and
alleviate their quality of life by implementing
various schemes
II.
LITERATURE SURVEY
The aim of this paper is to explore the relationship
between the urban population and the proliferation
of slums in Maharashtra.The growing pace of
urbanization and the shortage of affordable housing
have resulted in people living in slums.The slum
population in India has increased from 52.37
million in 2001 to 65.5 million in 2011
The total slum population of Maharashtra has risen
from 11.2 million in 2001 to 11.8 million in
2011.The slum population reported is 23.32% of
the total urban population of the state in 2011.This
review has shown that slums are a
multidimensional issue, with a wide range of
factors attributed to their occurrence. Social factors
such as rural-to-urban migration, poor urban
governance and policies that fail to address the
needs of slum dwellers, along with various
locational choice factors, have led to the present
state of slums today.Given the various
opportunities for the collection of slum-related
data, both qualitative and quantitative, it is
imperative that such approaches consider both the
social and the physical constructs typical of slums,
such that slums can be more holistically analyzed
and assessed. This should include data relating to
the social, physical and economic factors, which
continue to drive the growth and persistence of
slums.
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The slum members vote to award a property
developer to rehouse them onsite in “SRA
regulated” high-rise buildings approximately half
the site they currently occupy It includes temporary
compensation for about 3 years during building
constructions Each family receives a 269 square
foot apartment No authority can mandate
resettlement, a minimum of 70% vote is mandatory
Slum dwellers cannot sell or rent their property
atleast for 10 years. 70 million inhabitants are
added each year to city worldwide or the equivalent
of creating 7 new mega-cities from scratch. By
2030-2040s estimates suggests that there will be 2
million slum dwellers Slum policies might be
generators of forced mobility as dwellers might be
unable to face additional financials liabilities and
might be forced to sell/rent and move back to
slums. Residential mobility in informed
settlements, excluding the cases of forced eviction
is generally restricted due to incomplete tenure
system.
Latest reports, 55% of population lived in informal
settlements while occupying 16% of city land, clear
evidence of overcrowding.
Survey was done for old occupants to the new
comers and incompatible living space and high cost
of living proved to be main reasons for moving out.
This paper proved how analysis of residential
mobility and abandonment can be used as
indicators of mechanisms of slum formations in a
given city. Low-income communities are
struggling to find affordable urban housing.
Millions are heading to cities to tap into economic
opportunities, causing booming urban growth.
To develop sustainable affordable housing, housing
initiatives
must
be
socially
acceptable,
economically viable, environmentally friendly and
technical feasible.
Sustainable communities are defined as ‘‘Places
where people want to live and work, now and in the
future’’.
This paper has explored the affordability and
sustainability issues in low income housing with
reference to experiences of slum rehabilitations
initiated both by the state and NGOs or
development partners.
The objective of this paper is to identify and
analyze the factors beneficial for site selection for
rehabilitation of slum in Maharashtra.
• It need of today to move towards “Green
India Clean India”. It is very important to
minimize the poverty to make hygienic
India. It gives birth to the slum.
• The present paper aims to analyze certain
demographic attributes of the slum
population in India, its socio-economic
and environmental impact and the public
policy response towards the same.
• By identifying and analyzing the factors
select the site which is most beneficial &

•

•

feasible for all public & private sectors to
develop the slum.
The poverty leads to the growth of the
slum area which again give birth to the
unhygienic
conditions,
haphazard
horizontal growth, standard of living, low
market rate in adjoining area, etc.
The study concludes that , identifying and
analyzing the factors for the site selection
for rehabilitation is worthy for authorities
and private contractors

1. Application :

Application : Improvements in the levels of
physical infrastructure (water, sanitation, waste
management, power etc) Improvements in the level
of social infrastructure (education, healthcare and
recreation facilities) Improvement in the income,
quality of life and living environment. Physical
infrastructure Social Infrastructure Change in
income/ livelihoods Change in quality of life and
living conditions
1.1.Analysis of idea :
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1.2 The Alliance (Role of NGOs)
Since the 1980s NGOs (Non-Government
Organizations, conventionally conceived as nonprofit in India) were assumed to play an important
role in initiating Redevelopment activities in the
urban areas. NGO’s were seen to be placed in a
strategic location, in close contact with the
developers and the slum habitants (Hasan 1988).
One of the major players in India’s Slum
Rehabilitation efforts was “The Society for the
Promotion of Area Resource Centers” (SPARC).
Since 1986, SPARC has been working in
partnership
with
two
community-based
organizations the National Slum Dwellers
Federation (NSDF) and Mahila Milan. Together,
they are known as the Alliance.
The Alliance was intricately involved with the
doing this for the past two decades.
The Alliance also takes up projects itself,
redeveloping projects at its own cost. It has
rehabilitated large number of slum dwellers
displaced due to infrastructure projects. Since the
1980s, one of its major sources of financing has
been the Community Led Infrastructure Financing
Facility (CLIFF).
The Mumbai Urban Transport Project (MUTP)
appointed the Alliance as the chief interlocutor for
its rehabilitation project, which involved relocating
16,000 families that lived along the railway tracks.
Impressed by its success with the MUTP projects,
the Mumbai Urban Infrastructure Project (MUIP)
also appointed the Alliance as the nodal agency for
the redevelopment of 9,000 structures along the
roads that were being developed by MUIP in the
2000s (SPARC, 2013).

MUTP Project: Slum Redevelopment along
railway lines (http://www.sparcindia.org)
sustainable construction and is one of many low
impact development techniques used by builders to
protect water quality.[21]
III.
RESEARCH GAPS
We have read a lot of technical papers, still there
are some research gaps due to lack of resources in
this period and not being able to survey and meet
some experienced guys from SRA . Also we are
focusing more about what new policies we can
think of this program. The main thing which we
have to focus more is the site visits, talking with
some SRA officials. We are not able to physically
go and conduct survey in slum areas due to the
pandemic. We are lacking in field experience.
IV.
PROBLEM DEFINITION
The idea of slum is very lucid. The dimension of
the slums is presumed as something that is
deteriorating urban areas that is densely populated
and contains dilapidated housing, often in multiple
occupation, poverty, social disadvantage and other
forms of physical and social deprivation. In
addition to the above, development of slums,
dynamics of slum formation, all are synonymous to
industrialization and urban growth. Their existence
is not a cause for cities, rather with their specific
function the slum communities are a blessing in
disguise for the elite and other strata of the city
population, in as much as they provide a wide
variety of services and contribute greatly to the
survival of the rich. There are various characteristic
features o f a slum like inadequate housing, lack of
basic amenities, overcrowding, unhygienic
surrounding etc, however it is a community in
process and a way of living. Moreover, it is a
subsystem in a large urban system which is
characteristic by attributes
V.
. PROPOSED METHODOLOGY
The Chief Executive Officer of the Slum
Rehabilitation Authority shall consider the
objections and suggestions, if any, received within
the specified period in respect of the said
Provisional Scheme and after considering the same,
and after carrying out such modifications as
deemed fit or necessary, finally publish the said
scheme, with the approval of the State
Government. Information of general public,
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inviting objections and suggestions, giving
reasonable period of not less than thirty- days, for
submission of objections and suggestions, if any, in
respect of the said Scheme. Provision regarding
sanction of Floor Space Index and transfer of
development rights; if any, to be made available to
the developer for development of the slum
rehabilitation area under the Slum Rehabilitation
Scheme.Restrictions on transfer of tenements .The
tenements allotted to the persons under the Slum
Rehabilitation Scheme shall not be transferred by
the allotted thereof by way of sale, gift, exchange,
lease or otherwise for a period of first ten years
commencing from the date of allotment of the
tenement. After the expiry of the said period of ten
years, the allotted may, with the permission of the
Slum Rehabilitation Authority, transfer such
tenement in accordance with the prescribed
procedure. Before any area is declared to be a
clearance area, the Competent Authority shall
satisfy itself as to the sufficiency of its resources,
and ascertain the number of persons who are likely
to be dishoused in such area, and thereafter, to take
such measures as are practicable whether by the
arrangement of its programmed or by securing as
far as practicable such accommodation in advance
of displacements which will from time to time
become necessary as the demolition of buildings in
the area. As soon as may be after the Competent
Authority has declared any slum area to be a
clearance area, it shall make a clearance order in
relation to that area, ordering the demolition of
each of the buildings specified therein, and
requiring each such building to be vacated within
such time as may be specified in the 1[clearance
order], and shall submit the 1[clearance order] to
the Administrator for confirmation. The
Administrator may either confirm the 1[clearance
order] in whole or subject to such variations as be
considers necessary; or reject the 1 [clearance
order]. As soon as a clearance order is confirmed
the Administrator shall publish a notice in such
manner as may be prescribed; stating that the
1[clearance order] has been confirmed and naming
a place where a copy of the 1[clearance order]
confirmed and of the map referred to therein may
be seen at all reasonable hours. Subject to the
provisions of the last preceding sub-section, the
1[clearance order] shall become operative at the
expiration of six weeks from the date on which the
notice of confirmation of the 1[clearance order] is
published in accordance with the provisions of this
Act.

VI.
CONCLUSION
Thus we can conclude this case study by stating
ample advantages of cyanobacteria, and why it can
be introduced in the field of civil engineering for
construction purposes. As cyanobacteria sucks up
toxic gases from the air and can also dwell and
reproduce in humid conditions it becomes the most
favorable biological matter which can be used for
this study. Also the porous concrete, which is
permeable concrete allows water to seep below
creating a shelter for the cyanobacteria to perform
its task of oxygen production. With proper
humidity and sunlight, cyanobacteria, with the help
of photosynthesis can release a good amount of
oxygen in the environment which is indeed a
necessity nowadays oxygen in the environment
which is indeed a necessity nowadays
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Abstract – The construction industry is one of
the major contributors in the GDP. And with
development, the problem of pollution and waste
management arises. Waste management has
been one of the biggest challenges in the
construction industry since the beginning, the
amount of material available for recycling is
limited and most of the waste goes into landfill
which is highly disastrous for the earth and
defies all the principals of sustainable
development. We have made a lot of efforts in
making the construction waste into a recyclable
material, and we have come far and progressed,
but the progress has several loopholes and the
applications are restricted. In order to tackle
that problem of waste management, this is an
attempt to use the plastic waste, which is one of
the biggest contributors of waste in all the
industries, to be used in the construction
industry as recycled plastic aggregates and to be
replaced by the natural aggregates completely or
partially.
Keywords – waste management, recyclable,
plastic/artificial
aggregate,
natural
aggregate
I.

INTRODUCTION

Plastic has become one of the most widely used
product globally, and the global production has
increased close to 9% every year since 1950. Global
plastics production was about 388 million tonnes
(Mt) in 2015. Moreover, the plastic industry is a
major economic actor with estimated revenue of
about 1,722 billion Euros in 2015, corresponding to
about 3% of the global economy. Based on
available statistics on plastics production,
consumption, and usage retrieved from industry

reports and scientific literature, the value chain
characterization was differentiated into 23 types of
plastics (e.g. PS, PP, PVC, etc.), 13 types of
applications (e.g. packaging, building and
construction, and personal care products) and 11
geographical regions (e.g. Western Europe, North
America, and China). The global mapping shows
that the majority of plastics are produced in China,
North America, and Western Europe with 28%,
19%, and 19%, respectively. These regions are also
the major plastics consumers with 20%, 21%, and
18% .The most used plastic polymers are
polypropylene (PP; 16%), low density polyethylene
& linear low density polyethylene (LDPE, LLDPE;
12%), polyvinylchloride (PVC; 11%), high density
polyethylene (HDPE; 10%), and polyethylene
terephthalate (PET; 5%) which in total account for
more than 50% of total plastics usage. The main
applications of plastics are for packaging, building
& construction, and transportation which cover
30%, 17%, and 14%, respectively, of total plastics
usage in 2015. [1]
Similarly, the construction industry has always seen
an exponential raise in its income, and it is one of
the dominating sector in terms of economy,
globally. Generally, there are three levels to define
engineering plastics, process and design for
conversion of conventional material to engineering
plastics for performance and system cost
benefits[5].
construction within the literature. At one extreme,
construction is referred to as an economic activity
that involves the entire construction process from
producing raw and manufactured building materials
and components, and providing professional
services such as design and project management, to
executing the physical work on site. GDP From
Construction in India averaged 2195 INR Billion
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from 2011 until 2020, reaching an all time high of
2730.46 INR Billion in the first quarter of 2019 and
a record low of 1307.50 INR Billion in the second
quarter of 2020.
And with these astronomical numbers, the numbers
of construction waste generated are also
skyrocketing. The Environmental Protection
Agency estimates that 230 million to 530 million
tons of C&D are produced nationwide each year in
the United States. Concrete accounted for 23.1
million tons of waste during construction and a total
of 358.7 million tons of demolition debris in 2015.
When the question of waste management is raised,
the most probable and efficient answers comes out
to be “Recycling”, for both, the plastic as well as
the construction industry. The scope for recycling
of the construction and demolition waste is not very
broad. But it is being carried at some initial level
globally. And when it comes to plastics, the scope
is much broader, to even multiple folds, and
recycling of plastics is being promoted globally
since the last few decades, and a greater population
of humankind even contributes to the process of
recycling on their individual level. All these things
are quite appreciable as far as the increasing
production of plastic is concerned. But when we
actually see the figures of recycling of plastic, it
narrates a totally different story. In 2018, plastics
generation was 35.7 million tons in the United
States. EPA used data from the American
Chemistry Council and the National Association for
PET Container Resources to measure the recycling
of plastic. While overall the amount of recycled
plastics is relatively small—three million tons for a
8.5 percent recycling rate in 2018—the recycling of
some specific types of plastic containers is more
significant. The recycling rate of PET bottles and
jars was 26.8 percent in 2018, and the rate for
HDPE natural bottles was 29.3 percent in 2018. The
total amount of plastics combusted in 2018 was 5.6
million tons. In 2018, landfills received 27 million
tons of plastic. [3]
The traditional method of waste management that is
land filling has a lot of environmental concerns and
is not at all a safe practice.
When we look at both these problems paralleled, we
can see a pattern where both the industries are
booming with production and at the same time
generating an enormous amount of waste.
And if we take a few elements from both of the
situations, that is the problem of plastic waste
management and the problem of construction and
demolition waste management, a middle out solution
can be brought into the picture.

The answer is using plastic waste in the construction
industry, mainly in the form of plastic aggregates.
By manufacturing artificial aggregates made of
plastic, we can solve the never ending problem of
plastic waste management and at the same time
construction can be made sustainable and eco
friendly at a larger extend.
II.

LITERATURE REVIEW

Availability of raw material is very less due to
higher use of concrete. Normal practice of
concreting is batching of all raw materials,
mixing (all raw materials), transporting,
compaction at site, finishing and curing is
followed by industry. In developed country like
India use of concrete is higher quantity and
availability of raw material is very less. Total
replacement of concrete is not possible due to no
material plays the role of concrete in terms of
strength, durability, and workability. We have to
partial replace all the material to achieve desire
properties of concrete in terms of workability,
strength and durability.
Lakshmipathy,
have
done
experimental
investigations to study the suitability of the use of
Re-engineered plastics as fibers for road
pavements. The properties studied include
compressive strength, tensile strength, flexural
strength under reversed cyclic loading, impact
resistance, plastic shrinkage and abrasion
resistance etc., Efforts have been made to
compare it steel fibers. The results have shown
that the improvement of concrete properties at
lower cost is obtained with Re-engineered plastic
shred reinforced concrete[4].
Prabir Das has suggested that plastics can be used in
construction industry at various places. Proper
selection of material / grade and suitable design
considerations can help to replace many more
applications. Lighter weight, design flexibility, part
integration, low system cost, very high productivity
and improved product appearance are the main
features for use of engineering plastics. The
engineering thermoplastics and introduction of
application specific grades has thrown challenges to
conventional materials in the industries. This paper
provides all the supports in selecting suitable
Chandrakaran has explained a laboratory
experimental study carried out to utilize waste
plastics (in the form of strips) obtained from milk
pouches in the pavement construction. Results of
the study indicate that by adding plastic strips in the
soil, shear strength, tensile strength and CBR values
of the soil increases. In this study, plastic or
polythene sheets having thickness of 0.5mm and
which are made up of high density are used. Three
types of plastic strips were used in this study to act
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as a reinforcing material. The first one was cut into
20mm x 40mm size, second one was 25mm x
50mm size and the third one was of 30mm x 60mm
size. These plastic strips have innumerable
advantageous properties like high tensile strength,
low permeability etc., These plastic strips act as a
good barrier to gases and liquids and are unaffected
by cycles of wetting and drying. For all the strips
used in this experimental work, an aspect ratio of 2
is maintained[6].
Vasudevan :- in his report has given most useful
ways of disposing waste plastics and laying roads
have come to light in a research carried out by the
Chemistry Department of Thiyagarajar College of
Engineering. They have reported that the waste
plastics may be used in block making modified light
roofing, mastic flooring and polymer reinforced
concrete. The novel composition of waste polymeraggregate blend has been patented. They have
suggested that utilization of waste plastics to
enhance the binding property is better option than
disposing or enforcing a blanket ban on the use of
plastics. It has been reported that the per capita use
of plastics in India is 3.5 kg, with virgin plastics
accounting for 3.1 million tonnes and recycled
plastics, one million. The use in Tamilnadu, with
over 7000 units manufacturing material is put at 2.4
lakh tonnes per year. The Garbage Culture‟ has
made disposal of waste plastic a major problem for
civic bodies[7].
III.

RESEARCH GAPS

Though there exist numerous sustainability and
economic benefits associated with the use of PW for
construction purposes, there still exist some of the
questions that are unanswered even after years of
research and critical thinking.
Some of the major unanswered questions are as
follows:
a) Harvesting: One of the major limitations
to the use of PW is its harvesting before recycling.
Typically, PW are contaminated with various types

of plastics and other materials when collected
from various streams in which it is generated

b) Varying composition: In contrast to
construction materials such as steel, PW are made
up of different grades and types of plastic which
might result in a non-isotropic performance when
used for construction purposes. Also, the complex
composition of some types of plastics makes the
conventional recycling methods not suitable for its
reuse thereby resulting in these types of plastics
being deposited to waste and ending up in areas
such as the marine environment.
c) Low density: Though the use of lowdensity materials is advantageous in some

constructions; the low density of plastic wastes
makes it unsuitable in applications where high
toughness and modulus of elasticity are
anticipated. This low density also increases its
transportation cost as the PW has to be reduced to
lower sizes to ensure it fits the limited space
available.
d) Lack of understanding: The limited
understanding of the performance of recycled
plastic especially the long-term performance has
limited the use and acceptance of PW by
contractors for different construction applications.
e) Low surface energy: the low surface
energy of plastics generally results in poor
mechanical bonding when used for applications
such as those where the PW is incorporated into a
composite. This poor bonding can lead to a
reduction of the overall mechanical performance of
the resulting composite
f) Economical constraints: recycling some
types of plastic requires advanced technology
which is expensive at the moment thereby
inhibiting the ability to recycle these types of
materials.
g) Lack of standards: currently there is no
standard that supports the use of PW for
construction applications. Though extensive
studies have been carried out on construction
application such as the use of PW in cementitious
composites, these applications are still not well
standardized commercially.
IV.
PROBLEM DEFINITION
Waste management is one of the major problems for
the whole production industry, whatever domain it
maybe. As far as the construction industry is
concerned, it is also one of the major contributors of
waste. And when talking about recycling in the
construction industry, there is very limited material
available for recycling after a construction activity is
completed.
But as the members of the engineering fraternity and
the students of science, it is our duty to find solution
to this problem of plastic before the planet succumbs
to the force of plastic.
In every industry that we know, has some part that
was all organic at some point which is now
dominated by plastic products. And we’re now
dependent on plastic to a large extent. And a bigger
question that arises here is that we are already
recycling plastic. But the figures of recycled plastic
prove that we are not doing it effectively. And the
plastic we are recycling is being recycled into single
use plastic, and even this does not solve the problem
of waste management completely as we’re again
creating plastic that cannot be used on long term
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basis.
After a lot of brain storming and critical thinking, it
came to our mind that construction industry is one of
the parts of the manufacturing industry where the
products last as long, as much as decades in most of
the cases. There cannot be a better solution for
plastic waste management than to incorporate
recycled plastic into the construction model, as
plastic in this way can be used for a long time
effectively and efficiently.
Plastic can be used in a large number of ways in the
construction industry, from structural frames to
giving the aesthetic touch to the structure. The use
we’re proposing here is use of plastic as aggregates
in construction. To recycle plastic into high density
pellets of desired shapes and sizes in order to meet
the needs of fine and coarse aggregates with identical
or greater compressive strength and essential
properties for construction.
V.

PROPOSED METHODOLOGY

a. SELECTION OF MATERIAL:
The material used in the construction of prototype
depends on the properties of the material used. This
includes, how easily can it be formed or with what
ease can it be welded, its hardness, ability to resist
abrasion, etc. Along with that, whether the material
is economical or not and few other mechanical
properties plays a major role in material selection.
b. Machinery operations:
Working principle of the machine is given below:
1. The raw plastic material is fed into the hopper
along with calculated amount of gypsum. It travels
by gravity to the feed throat and drops on the
rotating screw. This work is carried out after
switching on the heater and setting the required
temperature.
2. The rotation of screw conveys the
plastic forward through the heated barrel.
3. As the plastic conveys forward along the
screw, the channel depth keeps on decreasing
which forces plastic through a smaller area.
4. This combination of compression and screw
rotation causes friction which generates heat and
is called as shear heating.
5. Shear heat along with barrel‘s heating
system melts plastic. The final product is
collected from the end of nozzle inside a mould.
After the mould is filled it is properly cooled.
6. The pellets are then removed from the mould
and compressive strength is tested using the
universal testing machine.
c.
TESTING OF THE PRODUCT
To check or to verify whether the pellets formed are
stronger than conventional aggregates or not,
compression test must be performed. In this test, a

Universal Testing Machine (UTM) was used.
Pellets will be placed between 2 cushion type pads
which applies load on the pellets. The load is
applied continuously till the pellet fails. Next,
concrete mixture with different percentages of
plastic aggregate bullets along with natural
aggregates is prepared. And then cured for
particular number of days. Finally, using the same
Universal Testing Machine, compression test will
be performed for comparison with the conventional
natural aggregates.
VI.
EXPECTED OUTPUT
a) Lower cost of construction materials: since
PW are deemed wastes, they are estimated to
have little to no value. Therefore, the use of such
materials for construction purposes will eliminate
the cost associated with conventional building
materials and will reduce the overall cost of
construction.
b) Reduction in waste management expenditure:
Landfilling and incineration are cost-intensive
processes that are being allocated a huge sum of
money by municipalities annually. The possible
use of PW for construction instead of subjecting
them to landfills and incineration will result in
huge cost savings and serve as revenue used for
other important work to be done by the
municipalities.
c) Value addition: The possible use of PW will
add a monetary value to materials that have been
deemed as wastes. The monetary value added to
these materials will create an extra source of
revenue for stakeholders interested in recycling
waste materials and manufacturers of plastics
d) Reduction in energy cost: The use of PW
as insulation material will improve the
energy efficiency of buildings, thereby
reducing the overall costs associated with
running buildings.
e) Lower transportation cost: the viability to use
RPW for construction applications will create an
avenue to use locally generated plastic wastes,
thereby reducing the high cost generated by
transportation of construction materials. For
example, the local availability of RPW that can be
used as aggregates in the cementitious composite
will eliminate the long hauling and transportation
cost associated with the transportation of
aggregate. In addition, attributing financial costs
to carbon emissions; the reduction or elimination
of transportation of some building materials will
reduce the detrimental pollution emitted into the
environment during transportation.
VII.

CONCLUSION:
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Plastics play a significant role in our society, and
wastes generated at the end of the usage of these
plastics are inevitable. Therefore, in order to
properly manage these plastic wastes while
improving the sustainability of the environment,
their use for various construction applications is a
viable option. This overview has explored
extensively the current research that has been
done on the use of various recycled plastic waste
for construction applications. Based on this
overview, the following conclusions can be
drawn
• The use of PW for construction applications will
solve both the solid waste management problem
and depleting deposits of raw materials used for
construction purposes. In addition, the use of PW
in different construction applications supports the
sustainability trend of a circular economy.
• The use of PW for construction applications
creates a pathway to use these wastes for long
term applications compared to short term ones
such as recycling into new products which will
end up as waste within a short period of time.
• The possible use of PW as binder, aggregates
and fibres makes it a viable replacement for all
components in cementitious composites, with
somewhat acceptable detrimental effects on the
performance of the resulting composite.
• The use of PW for various construction
application will lead to various revenue
generation
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Abstract: - This paper is mainly focused on green
technology i.e. sustainable development related to
human beings and live hoods on earth to fulfil their
needs with less harms to future generations to meet
their own needs at that time. Also discussed about
the parameters, advantages and disadvantages of
green technology. It is very important from planning
point w.r.t. design, planning, environment impact
assessment, cost analysis etc. As per current scenario
of the environment is racing towards the permanent
irreversible damage to the planet earth. Green
technology helps to reduce the negative impact on
the environment and leads to sustainable
development.
Keywords: - Green technology, Environment, Social
Economic aspects, sustainable development, pollution
Green technology is a science i.e. environmental
Science and technology which develops applications,
equipment & systems to conserve the natural resources
exist on the earth. The concept of green technology is to
minimize the negative impact of the technology to the
nature. Currently various technologies are used in the
various sectors such as industry, power sector,
construction (all types), atomic energy etc. and many
more industries. Waste generated from the above sector
is very harmful to human beings & live hoods on the
earth. However effect of above waste should be
minimized and make the same ecofriendly.
Types of green technology:There are various types of green technology which
covers the manufacturing, production, and consumption.
The same are as listed below:A)
Based on monitoring and assessment
B)
Pollution prevention
C)
Pollution control
Restoration Monitoring and assessment technologies are
used to measure the impact on environment including
the emission of harmful gases and industrial waste.
Pollution prevention and pollution control technology
used to control negative impact on environment. It
also helps to substitute or alternative to the product.
Mainly, there are four pillars of green technology. The
same are
as listed and elaborated as below:1) Energy
2) Environment 3) Economy
4) Social
1) Energy: - In green technology, the energy generated
is to be ecofriendly and not to general the byproduct
from
the said technology.
2) Environment: - In 1972, the conference was held at
Stockholm to save the environment on earth. The

various resolutions, decisions taken in conference to
save the earth. In India, The environment (protection)
act 1986 came into force for the purpose of
improvement and protection of environment. Green
technology not to affect adversely on environment but
minimize the impact on the environment. It is noticed
that, the major environmental challenges such as overall
climate change, changes in natural habitats of living,
biodiversity, pollution in ocean and increasing human
population. The key attention to be given to these
subject and follow the guidelines strictly which are
already framed rigorously.
3) Economy: - Many countries are focused to attract the
new businesses to enhance the economy. To achieve
this, the larger area selected and converted in special
economic zone. This leads to city’s growth and
sustainability as per their need and not as per guidelines
Framed by department of environment. The said activity
should be conducted as per rules and regulations.
4) Social: - This pillar helps various social agencies,
societies and residing peoples to enhance the awareness
of social responsibility. This leads to create a smooth
path of sustainable development with green technology.
This will results to improve the quality life of the people
and whole community.

The objective and goals of the green technology are
many more. The main is to fulfill the need of the people
with less damage to
the environment. To enhance the technology to recycle
and re use of any product lading to reduce waste and
pollution. This will
create green environment.
The objective of the green technology is as below:• To enhance the economic development with
minimum use of energy consumption and leads
to national growth with economy.
• To increase the competitiveness among the
industry to give better green technology.
• To increase the sustainable development.
• To increase the awareness in and educate the
people.
• To preserve the environment for future
generation
The advantages and disadvantages of green technology:The main advantages and disadvantages of using green
technology in prospective development of the society as
listed below:• Advantages:1) Less emission of hazardous gases from industry and
will
make clean air.
2) It will benefited to the economy of the local people.
3) It require less maintenance cost.
4) Global warming effect will be reduced.
• Disadvantages:1) Cost of green technology is very high.
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2) Less knowledge and information about the subject.
3) Less knowledge of alternative of process of green
technology.
4) Doubts about the results.
5) Lack of skilled labour
Conclusion
Green technology is very useful technology. Its use in
day to day life should be increased. It is a sustainable
development which enhances the good life related to
human beings and live hoods on earth. It will also fulfil
their needs with less harms to future generations to meet
their own needs at that time. It is very important from
planning point w.r.t. design, planning, environment
impact assessment, cost analysis etc. which saves the
permanent irreversible damage to the planet earth.
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