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PREFACE

International Conference on “Emerging Trends in Mechanical Engineering and Industrial
Automation” NEC-ICETMEIA-2K22 provides an excellent international forum for sharing
knowledge and results in theory, methodology and applications impacts and challenges of
Mechanical Engineering. The purpose of this conference is to bring together the mechanical
engineering community to explore, disseminate and strengthen initiatives in new directions
under the broad areas of Manufacturing, Thermal Sciences, Mechanical Design, Robotics,
Mechatronics and Industrial Automation.

The objective of this conference is to create an international conglomeration of scientists,
engineers and institutional experts. This forum serves as platform where people can share
information about latest diverse technological advancements, innovations and achievements in
the areas of Mechanical Engineering and allied fields of Engineering. Further it would also
facilitate the discussion that centers on the developments and challenges in the fields of design,
manufacturing, thermal, robotics, mechatronics fields of Engineering. The focus of this
conference is to provide technical platform that encourages the scientific research and
educational activities that would cater the needs of both society and the industry. Most
importantly, NEC-ICEMEIA-2K22 is invested in the advancement of a common man’s life by
utilizing the theory and practice of mechanical engineering and allied streams of Engineering.
The conference includes Keynote addresses and guest lectures by eminent speakers around the
globe who would deliberate the recent trends and challenges in the fields of Mechanical

Engineering and Industrial Automation.




Message from Vice Chairman

I am glad to know that Department of Mechanical Engineering of Narasaraopeta Engineering
College is organizing “International Conference on Emerging Trends in Mechanical Engineering and
Industrial Automation [NEC-ICETMEIA2K22]. | hope this e-conference can congregate
academicians, industry personnel and research scholars to share their findings and insights about
innovations in Mechanical Engineering. The theme of the conference emphasizes on key aspects of
Manufacturing, Thermal Sciences, Mechanical Design, Robotics, Mechatronics and Industrial
Automation. | hope this initiative by Department of Mechanical Engineering will pave way to
exceptional deliberations and other activities to enhance the power of knowledge and ideology in the
field of engineering.

| wish the organizers great success for the conference.

Mr.M.S.Chakravarthi
Vice Chairman
NEC-Group




Message from Principal

| am glad to know that the Department of Mechanical Engineering of Narasaraopeta
Engineering College organizing an International Virtual Conference on “Emerging Trends in
Mechanical Engineering and Industrial Automation [NEC-ICETMEIA2K22] during 29"& 30" of
July 2022. The unprecedented ongoing pandemic situation prevailing all over the globe has driven
the professionals to continue their research and knowledge dissemination virtually. 1 believe that such
virtual conferences will be one of the finest opportunities for academicians, scientists, professionals,
students and researchers from all over the globe to share and express their views, discuss the practical
challenges and possible solutions in Science & Engineering fields.
The theme of the conference emphasizes the necessity of engineering innovation Mechanical
Engineering in these difficult times all over the globe. I hope the scientific deliberations, discussions
and other activities that happen during the conference will enrich the participants and definitely leave
new milestones.

| wish the organizers the very best for the success of the Conference

Dr. M.Sreenivasa Kumar
Principal
Narasaraopeta Engineering College




Message from Vice Principal
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It gives immense pleasure to write a message for the International Conference on “Emerging
Trends in Mechanical Engineering and Industrial Automation [NEC-ICETMEIA2K?22] organized
by Department of Mechanical Engineering, Narasaraopeta Engineering College (Autonomous)
during 29"& 30™ of July 2022. There are truly amazing innovations and breakthrough nowadays in
the selected fields of Mechanical Engineering. | expect the present International Conference will
explore students and research scholars to focus much on the field of Mechanical Engineering and
Industrial Automation. | have gone through some of the abstracts and could see its rich qualitative
academic content. | am also able to envisage its great potential to discuss and learn some new
innovations in the fields of Mechanical Engineering.

It is important to inculcate an attitude towards research in the minds of younger generation
and this conference would be a stepping stone towards this attainment in the field of Mechanical
Engineering.

I wish the conference a great success. | am sure the conference is a grand scientific

extravaganza and great feast for the student community.

Dr.D.Suneel
Vice Principal
Narasaraopeta Engineering College




Message from Head of the Department

I am very much delighted in welcoming the delegates for the 2 day virtual international conference
on “Emerging Trends in Mechanical Engineering and Industrial Automation [NEC-
ICETMEIA2K22]. The pursuit for knowledge has been from the beginning of time but knowledge
only becomes valuable when it is disseminated and applied to benefit of humankind. The prime focus
of this conference is to bring together academicians, researchers and industry professional to join
hands in finding the scope, challenges and opportunities and solutions that are encountered in the
fields of Mechanical Engineering. Our technical sessions are rich and varied in the domains of
Machine Design, Production Engineering, Thermal Engineering and Automation. As a conference
Convener, | know that the success of the conference depends ultimately on the many people who
have worked with us in planning and organizing both the technical program and virtual technical
deliberations. In particular, we thank the review and advisory committee for their wise advice and
brilliant suggestion on organizing the technical program; the Program Committee for their thorough
and timely reviewing of the papers and publishing them in a conference proceeding. It is envisaged
that the intellectual discourse will result in future collaborations between Universities, research
institutions and industry globally towards the recent technological developments of Mechanical

Engineering, during this pandemic situation.

Dr.B.Venkata Siva
Head, Department of ME
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CAMERA BASED COLOR IDENTIFICATION
ROBOT FOR SEGREGATION

VENKAIAH MANDULA!, Y.VENKATA REDDY?, K.PRAVEEN REDDY?
Assistant Professor, Department of Mechanical Engineering, Narasaraopeta Engineering College,Narasaraopet, India
2,3 Student, Department of Mechanical Engineering, Narasaraopeta Engineering College, Narasaraopet, India

Abstract— Recently, the use of has become significant to
industries, especially when involving the routine works in
industries. A robot is a machine designed to execute one or more
tasks automatically with speed and precision. In our project
work, by using the pneumatic gripper and the programming
given pick and place operation will performed by color sensor.
By using a robotic arm with pneumatic gripper Manipulation of
a robot arm can be utilized for different purposes innovatively,
here in this work, for pick and placing. IGUS robot with
pneumatic gripper is used to hold the object and moves from one
place to another place.
The goal of this project is to implement a programmable
industrial robot for color sorting. This investigates the
development of an intelligent and low-cost monitoring system
for color identification and segregation. The main purpose is to
optimize the productivity and avoid human mistakes. A serial
image acquisition device (camera) is used to capture the image
and are sent to SD card through a microcontroller. The
microcontroller performs color detection algorithm to recognize
the dominant color of the object, and it sends commands to the
robotic arm to pick and place the objects to their respective
locations. A robotic arm is a manipulator, which has about same
number of degrees of freedom as in human arm. DC motors are
used for joint rotations involved in the robotic arm; these motors
are interfaced with microcontroller through motor driver
circuits. These motor drivers are able to efficiently control the
speed and direction of motors.
Keywords— pneumatic gripper, microcontroller, manipulator,
robotic arm.

I. INTRODUCTION
Industrial robot is defined by ISO as an automatically
controlled, reprogrammable, multipurpose manipulator,
programmable in three or more axes, which can be either
fixed in place or m Visual input, in the form of color images
from a camera, can be a rich source of information,
considering the sophisticated algorithms recently developed
in the field of computer vision, for extracting information
from images. Even so, most robots continue to rely on non-
visual sensors such as tactile sensors, sonar, and laser. This
preference for relatively low-fidelity sensors rather than
vision can be attributed to three major discrepancies between
the needs of robots and the capabilities of state-of-the-art
vision algorithms .Pick And Place Robotics for use in
industrial. This paper aims to address these challenges by
exploiting the structure that is often present in a robot’s
environment. We define structure as the objects of unique
shapes and colors that exist at known locations — a color-
coded world model. We show that a robot can use this
structure to model the color distributions, thereby achieving
efficient color segmentation. Specifically, knowing that it is
looking at an object of known color allows it to treat certain
image pixels as labeled training samples. The domain
knowledge also helps develop object recognition algorithms
that can be used by the robot to localize and navigate in its

complex world towards additional sources of color
information. We have developed a mobile robot vision
system that learns colors using the uniquely color-coded
objects at known locations, and adapts to illumination
changes. Specifically, this article makes the following
contributions: automation applications.

It describes a baseline vision system that tackles color
segmentation and object recognition on-board a robot with
constrained computational and memory resources. The
baseline system is robust to jerky nonlinear camera motion
and noisy images. However, it relies on manually labeled
training data and operates in constant and uniform
illumination conditions. And then it exploits the structure
inherent in the environment to eliminate the need for manual
labeling. The image regions corresponding to known objects
are used as labeled training samples. The learned color
distributions are used to better identify the objects, thereby
localizing and possibly moving to other sources of color
information. We introduce a hybrid color representation that
allows for color learning both within the controlled lab
settings and in un-engineered indoor corridors, it provides
robustness to changing illumination 2 conditions. We
introduce an algorithm that enables the robot to detect
significant changes in illumination. When a change in
illumination is detected, the robot autonomously adapts by
revising its current representation of color distributions. As
a result, the robot is able to function over a wide range of
illuminations. The focus of this article is on the design of
efficient robot vision algorithms that address challenging
problems such as color segmentation, object recognition,
color learning and illumination invariance. Using our
algorithms the robot is able to operate autonomously in an
uncontrolled environment with changing illumination over
an extended period of time. The vision system is fully
implemented and tested on a commercial off-the-shelf four-
legged robot. We also illustrate the general applicability of
our algorithms with the running example of a vision-based
autonomous car on the road; we refer to it as the car-on-the-
road task. The remainder of the article is organized as
follows. After a brief description of our test platform, we
present our baseline vision system, which tackles the
problems of color segmentation, object recognition and line
detection, in real-time.it extends the baseline system by
eliminating the offline color calibration phase: the robot uses
the environmental structure to autonomously generate a
suitable motion sequence to learn the desired colors. Further
enables the robot to detect significant illumination changes
and adapt to them.
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Il. USE OF ROBOTS

There are many different reasons for using a robot but the
central reason for most applications is to eliminate a human
operator. The most obvious reason is: To save labor and
reduce cost. Human is bad for the product for example
semiconductor handling. Within this class are other reasons
for using robots for example food handling,
pharmaceuticals, etc. Product is bad for the human for
example radioactive product. Within the above are other
reasons for using robots for example robots can be used to
replace human operators where the dangers are:

1. Repetitive strain syndrome.

2. Working with machinery that is dangerous for
example presses, winders.

3. Working with materials which might be harmful in

the short or long termQuality the main reason for

using a robot is to save labor the biggest impact a

robot has can be on quality. Applications where

quality will be improved are:

gluing,

spraying (glue or paint),

trimming and de- burring,

Testing and gauging.

assembly

laboratory routines

S~ E

A. Robot anatomy:

Controller:

The Joint movements must be controlled if the robot is to
perform as desired. Microprocessor-based controllers are
regularly used to perform this control action. Controller is
organized in a hierarchical fashion. Each joint can feed back
control data individually, with an overarching supervisory
controller coordinating the combined actuations of the joints
according to the sequence of the robot program.

Manipulators:

Robot manipulators are created from a sequence of link and
joint combinations. The links are the rigid members
connecting the joints, or axes. Theaxes are the movable
components of the robotic manipulator that cause relative
motion between adjoining links. The mechanical joints used
to construct the robotic arm manipulator consist of five
principal types. Two of the joints are linear, in which the
relative motion between adjacent links is no rotational, and
three are rotary types, in which the relative motion involves
rotation between links.

End effector:

Grippers grasp and manipulate objects during the work
cycle. Typically, the objects grasped are work parts that
need to be loaded or unloaded from one station to another.
It may be custom-designed to suit the physical
specifications of the work parts they have to grasp. End
effectors, grippers are described in detail in below:

<> Mechanical gripper: Two or more fingers that can be
actuated by robot controllerto open and close on a
work part.

ISBN: 978-93-91420-07-9

< Vacuum gripper: Suction cups are used to hold flat
objects
x4 Magnetized devices making use of the principles of
Magnetism, these are used forholding ferrous work
parts.
< Adhesive devices Deploying adhesive substances
these hold flexible materials,such as fabric
< Simple mechanical devices for example, hooks and
SCoOopS.
End effectors — tools:
The robot end effecter may also use tools. Tools are used
to perform processing operations on the work part.
Typically, the robot uses the tool relative to a stationary or
slowly moving object. In this way the process is carried
out.
Examples of the tools used as end effectors by roots to
perform processing applications include.
*Spot welding gun
*Arc welding tool
*Spray painting gun
*Rotating spindle for drilling, routing, grinding.
*Assembly tool (e.g., automatic screwdriver)
*Heating torch.

I1l. LITERATURE REVIEW

Dipak Aphale, Vikas Kusekar “PLC Based Pick and Place
Robot with 4DOF” The pick and place robot is one of the
technologies in manufacturing industry and designed to
perform various functions. The system is very important to
eliminate human errors and to get more precise work. It can
also save the cost in long term and help to solve problems
and tasks that cannot be done such as on high temperature
area, narrow area and very heavy load thing. This project is
a bhasic development andmodification for that type of robot
where it use the peripheral interface Programmable Logic
Control (PLC) as the robot brain to control all of the robot
movement. The rotation of tills robotics 360 degree
(clockwise) and -360 degree (counter clockwise). The
electromagnetic gripper will move horizontally to pick
up and hold the objectfrom one place to another place. This
robot is used to pick and place the object only in their
specifications (up to300mm horizontal and 300mm
vertically). The benefit of thisproject is the robot can pick
the object using electromagnetic gripper which is simplein
construction and also cost effective.

S Premkumar, Vikas Kusekar “Design and
Implementation of multi handling Pick and Place Robotic
Arm” Robot manipulator is an essential motion subsystem
component of robotic system for positioning, orientating
object so thatrobot can perform useful task of our work is
to collaborate the gripper mechanism and
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Vacuum sucker mechanism working in a single pick and
place robotic arm. This robot can be self-operational in
controlling, stating with simple tasks such as gripping,
sucking, lifting, placing and releasing in a single robotic
arm. The main focus of our work is to design the robotic
arm for the above-mentioned purpose. Robotic arm consists
of revolute joints that allowed angular movement between
adjacent joint. Three double acting cylinders were used to
actuate the arm of the robot. Robot manipulators are
designed to execute required movements. By using this
collaborated mechanism, the success rate of pick and place
robots are increased.

Shirine El Zaatari, Mohamed Marei, Weidong Li, Zahid
Usman: “Cobot Programming for Collaborative Industrial
Tasks”, Collaborative robots (cobots) have been increasingly
adopted in industries to facilitate human-robot collaboration.
Despite this, it is challenging to program cobots for
collaborative industrial tasks as the programming has two
distinct elements that are difficult to implement: (1) an
intuitive element to ensure that the operations of a cobot can
be composed or altered dynamically by an operator, and (2)
a human-aware element to support cobots in producing
flexible and adaptive behaviors dependent on human
partners. In this area, some research works have been carried
out recently, but there is a lack of a systematic summary on
the subject. In this paper, an overview of collaborative
industrial scenarios and programming requirements for
cobots to implement effective collaboration is given. Then,
detailed reviews on cobot programming, which are
categorized into communication, optimization, and learning,
are conducted. Additionally, a significant gap between cobot
programming implemented in industry and in research is
identified.

De-socialisation For Turkle :, the advance of the robot for
social purposes is worrying, and she fears that people will
lose their social skills and become even lonelier. She is
concerned that children will get used to perfect friendships
with perfectly programmed positive robots, so they will not
learn to deal with real-life people with all their complexities,
problems, and bad habits. These ideas remain speculations,
because there has been only limited research on the actual
effects of the impact of social robots on children and adults.
In addition, Turkle sees the sex robot as a symbol of a great
danger, namely that the robot’s influence stops us from being
willing to exert the necessary effort required for regular
human relations: “Dependence on a robot presents itself as
risk free. But when one becomes accustomed to
‘companionship’ without demands, life with people may
seem overwhelming. Dependence on a person is risky—
because it makes us the subject of rejection—but it also
opens us to deeply knowing another.” She states that the use
of sex robots leads to de-socialisation.based on turkle point
of view.

IV: PROGRAMMABLE LOGIC
CONTROLLER:

A programmable logic controller (PLC) is an industrial
computer control system that continuously monitors the
state of input devices and makes decisions based upon a
custom program to control the state of output devices. PLCs
were first developed in the automobile manufacturing
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industry to provide flexible, rugged and easily
programmable controllers to replace hard-wired relays.
Since then, they have been widely adopted as high
reliability automation controllers suitable for harsh
environments.

PLC System
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FIGURE 1 : PLC ARCHITECTURE

A.Connections from plc to robot:

In programmable logic controller they are six modules
present in the system, they are power supply,
communication module and four servo motors for four axis
movements. The output of the plc give connection to the
input of robot. a compressoris connected to the robot to
hold the objects.

FIGURE 2: Programmable Logic Controller to Robot
V: EXPERIMENTAL PROCEDURE:

A.The following figure showing the block diagram of robot
manipulation.

The robot manipulation is based on ¢ programming and PLC the
control ofmanipulation of robot is controlled by PLC.

In our work they two relays i.e. relay 1 is related to beverage one
and relay 2 isrelated to beverage two.

The two relays are getting signal from PLC, When the relay 1 get
the signal, thesubmersible motor 1 activate similarly submersible
motor 2 will be activate.
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FIGURE 3 :Block diagram
B.SEQUENCE OF OPERATION:

o The sequence of operation is initiated from cprog software. The
required operation of robot should be written in a code in cprog
software.

o After execution code in cprog software, the plc controls the robot
manipulation and robot get signal from PLC.

e The robot comes to home position and after that robot moves to a
specific distance and pic the glass.

e The robot returns to its home position and wait for it
command.

o The operator gives the command has switch. They are two
switches and two relays.


https://en.wikipedia.org/wiki/Relay
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FIGURE 4: Sequence of Operation
C.CIRCUIT DIAGRAM OF PROJECT:
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FIGURE 5: Circuit Diagram

The circuit diagram of the system working with PLC and

relays has beenschematically.

D. Step by Step Procedure of Code:

After completion of connecting circuits to robot and PLC.
Then Switch on the robots, PLC and computer. Later Open
CProg software and connect the hardware. Now reference the
robot after it by using jog jogging command moving the robot
in required axis and angle. Fix all the positions in the
program editor and save it in the .xml format then run the
program.

VI: EXPERIMENTAL RESULTS:

A. Step by step procedure to write the Main program in
software:

FIGURE 6 : Main Program

Explanation for the above program:
<Program>

<Header RobotName="igus Arm"
RobotType="igus_4DOF_BV" GripperType=""
Software="CPRog V902-10-033"/>
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<Linear Nr="0" x="281.1" y="0" z="518.1" a="-180" b="0"
c="180" e1="0" e2="0"
e3="0" vel="100" acc="40" smooth="20" AbortCondition="false"
Descr=""/>
<Joint Nr="1" al="68.22" a2="1.89" a3="1.4"
a4="86.71" a5="0" a6="0" e1="0"e2="0"
e3="0"
velPercent="50" acc="40"
AbortCondition="false" Descr=""/>
<Linear Nr="2" x="104.3" y="261" z="259.8" a="-111.78"
b="0" c="180" e1="0" e2="0"
e3="0"
vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/> <Relative Nr="3"
MoType="CartTool" x="0" y="0" z="125" a="0.0"
b="0.0" c="0.0" vel="100"
acc="40" smooth="20"
AbortCondition="false" Descr=""/>
<Wait Nr="4" Type="Conditional"
Condition="DIn22 or Din23"
Descr=""/> <If Nr="5"
Condition="DIn22" Descr=""/>
<Sub Nr="6" File="red.xml"
Descr=""/>
<Else/>
<If Nr="7" Condition="DIn23" Descr=""/>
<Sub Nr="8" File="blue.xml" Descr=""/>
<Else/>
<Linear Nr="9" x="104.3" y="261" z="259.8"
a="-111.78" b="0" c="180" e1="0"e2="0"
e3="0"
vel="100" acc="40" smooth="20" AbortCondition="false"
Descr=""/>
<EndIf/>
<EndIf/>
</Program
B.Python Code For Color Recoginition With Open
Cv:
import cv2
from PIL import Image import os
import RPi.GPIO as GPIO import time
GPI10.setwarnings(False) GP10.setmode(GP10.BCM)
GPI10.setup(21,GP10.0UT)
GPI0.setup(20,GPI0.0OUT)
GPI10.output(20,False) # Turn on Led
GPI10.output(21,False)
cap = cv2.VideoCapture(0)
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 640)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 480)
while True:
_, frame = cap.read()
hsv_frame = cv2.cvtColor(frame, cv2.COLOR_BGR2HSV)
height, width, _ = frame.shape
cx = int(width / 2) cy = int(height / 2) # Pick
pixel value
pixel_center = hsv_frame[cy, c¢x] hue value =
pixel_center[0] color = "Undefined" if hue_value < 5:
color = "RED" GPIO.output(21,True) #Turn on Led
time.sleep(1) GPIO.output(20,False) GPI1O.output(21,False)
print("PASS TO RED TRAY") elif hue_value < 22: color =
"ORANGE"

elif hue_value < 33: color ="YELLOW

smooth="20"
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C. Step by step procedure to write the red color program in
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FIGURE 7: Red Color Box 1.xml
Explanation for the above program:
<Program>
<Header
RobotType="igus_4DOF_BV"
Software="CPRog V902-10-033"/>
<Relative Nr="0" MoType="CartTool" x="0" y="0" z="30"
a="0.0" b="0.0" ¢="0.0" vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>
<Output  Nr="1"  Channel="DOut25"
Descr=""/>
<Wait Nr="2" Type="Time" Seconds="2" Descr=""/>
<Relative Nr="3" MoType="CartTool" x="0" y="0" z="-
60" a="0.0" b="0.0" c¢="0.0" wvel="100" acc="40"
smooth="20" AbortCondition="false" Descr=""/>
<Joint Nr="4" al="-39.83" a2="33.43" a3="25.47"
a4="31.09" a5="0" a6="0" e1="0" e2="0"
e3="0"
velPercent="50" acc="40"
AbortCondition="false" Descr=""/>
<Relative Nr="5" MoType="CartTool" x="0" y="0"
z="130" a="0.0" b="0.0" c="0.0" vel="100" acc="40"
smooth="20" AbortCondition="false" Descr=""/>
<Output Nr="6" Channel="DOut25" State="False"
Descr=""/>
<Joint Nr="7" al="0" a2="1.88" a3="1.4" a4="86.71"
ab="0" a6="0" e1="0" e2="0"
e3="0"  velPercent="50"

RobotName="igus Arm
GripperType=""

State="True"

smooth="20"

acc="40"  smooth="20"

AbortCondition="false" Descr=""/></Program>
D. Step by step procedure to write the blue color program in
CProg:

FIGURE 8: Blue Color Box 2.xml

Explanation for the above program:
<Program>
<Header

RobotType="igus_4DOF_BV"
Software="CPRog V902-10-033"/>

RobotName="igus Arm"
GripperType=""
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<Relative Nr="0" MoType="CartTool" x="0" y="0" z="30"
a="0.0" b="0.0" c="0.0" vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Output Nr="1" Channel="DOut25" State="True" Descr=""/>
<Wait Nr="2" Type="Time" Seconds="2" Descr=""/>

<Relative Nr="3" MoType="CartTool" x="0" y="0" z="-100"
a="0.0" b="0.0" ¢="0.0" vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Joint Nr="4" a1="-2.95" a2="35.58" a3="27.83" a4="26.58"
ab="0" a6="0"

el="0"e2="0"e3="0" velPercent="50" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Relative Nr="5" MoType="CartTool" x="0.0" y="0.0"
z="100.0" a="0.0" b="0.0" c¢="0.0" vel="100" acc="40.0"
smooth="20" AbortCondition="false"” Descr=""/> <Output
Nr="6" Channel="DOut25" State="False" Descr=""/>

<Joint Nr="7" al="0" a2="1.88" a3="1.4" a4="86.71" a5="0"
a6="0" e1="0" e2="0"

e3="0" velPercent="50"
AbortCondition="false" Descr=""

acc="40" smooth="20"

VII. WORKING PHOTOS:

FIGURE 9: Explaining About Project
CONCLUSIONS:

A manually operated dispatching machine system has been
designed for non- contact servicing of beverages using robot
arm manipulated by PLC has been developed and
implemented.
Robotics is a technology with a future, and it is a technology
for the future. In this project we are introducing a robot which
can pick and place objects based on the color. Earlier this was
done using color sensors but we have improved the entire
project by using a serial jpeg camera which can capture and
identify or recognize the color of the image and eventually
the robot picks and places that object accordingly. By doing
so the speed and the accuracy of the color sorting process is
increased. The cost for the color sorting process is
considerably reduced. And most importantly there is overall
optimization in the productivity if an industry. This robot arm
can perform an action which is much similar to human.
Although there is significant progress in robotics, still its
usage is limited due to less availability of resources and high
cost of production. If we able to overcome these restrictions,
more benefits can be achieved from robotics.
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Hence, the Pick and Place operation by using color sensor
on IGUS Robot arm with 4-axis is successfully achieved.
The PLC with combination of relays attached to the system
of motors for picking and placing operations is used in this
system to get more productivity with less time high
reliability for and flexible in work.

Hence, the picking and placing operation by using color
code on IGUS Robot arm with 4- axis is successfully
achieved.
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Abstract—Automation has been an integral part of industries
which provides safety, accuracy, efficiency and less human
intervention with dangerous chemical process. In this project
water level management using PLC is design to control the level
of water and avoid wastage of water in the tank. The system has
an automatic pumping attachment. The water level is controlled
by using PLC, Sensors and motors. The purpose of doing this
project to reduce time consumption and human resource
consumption, increase product revenue and greater accessibility
or more security. Also by using this project the wastage of water
occurred by overflowing of tanks can be avoided. The logic of
the project with minor changes can be used in different
industries related to fluids like petroleum industries or oil
refineries for controlling the level of filling the tanks and to
avoid wastage.
Keywords— PLC, Sensors and motors, water level management,
Float Sensor, Relay card

1. INTRODUCTION
In today’s fast-moving, highly competitive industrial world,
a company must be flexible, cost effective and efficient if it
wishes to survive. In the process and manufacturing
industries, this has resulted in a great demand for industrial
control systems/ automation in order to streamline operations
in terms of speed, reliability and product output. Automation
plays an increasingly important role in the world economy
and in daily experience. Automation is the use of control
systems and information technologies to reduce the need for
human work in the production of goods and services. In the
scope of industrialization, automation is a step beyond
mechanization. Whereas mechanization provided human
operators with machinery to assist them with the muscular
requirements of work, automation greatly decreases the need
for human sensory and mental requirements as well.

Automation Control System - system that is able to control
a process with minimal human assistance or without manual
and have the ability to initiate, adjust, action show or
measures the variables in the process and stop the process in
order to obtain the desired output.

The main objective of Automation Control System used in
the industry are: 1. To increase productivity

2. To improve quality of the product

3. Control production cost

Programmable logic controllers are small industrial
computers. Their design uses modular components in a single
device to automate customized control processes. They differ
from most other computing devices, as they are intended for
and tolerant of severe conditions of factory settings such as
dust, moisture, and extreme temperatures.

Industrial automation began long before PLCs. In the early
1900s until their invention, the only way to control machinery
was through the use of complicated electro mechanical relay
circuits. Each motor would need to be turned ON/OFF

individually. This resulted in factories needing massive
cabinets full of power relays. As industrial automation
continued to grow, modern factories of the time needed
dozens of motors with ON/OFF switches to control one
machine, and all these relays had to be hardwired in a very
specific way. PLCs were developed as a solution to have one
solid control as an electronic replacement for hard-wired
relay systems. The term PLC architecture refers to the design
specification of the various PLC hardware and software
components and the how they interact with one another to
form the overall PLC system. The architecture of a PLC is
based on the same principles of that used in standard
computer architecture.

PLC System
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Figure 1: PLC Architecture
A Programmable Logic Controller, PLC or Programmable
Controller may be a computer used for automation of
Mechanical device processes. It is used to convert previously
used “Relay Logic” or “Wired Logic” for automation of
industrial purposes into “Ladder Logic”.

The system has associate automatic pumping system hooked
up thereto thus on refill the tank once the liquid gets to the
lower threshold, while offing the pump once the liquid gets
to the higher threshold. Sustainability of available water
resources in many reasons of the world is now dominant
issue. This problem is quietly related to poor water allocation,
inefficient use lack of adequate and integrated water
management. Water is often used for agriculture, industry and
domestic consumption. Therefore, efficient use and water
monitoring and controlling are potential constraint for home
or office water management system. Our planned system are
often divided into 3 main modules sensing, decision making
and implementation. Level sensors are used to implement the
system. These sensors detect the presence of water. The
readings of the sensors are utilized by the PLC to require the
specified call. Finally the choice is enforced by the PLC
through a relay switch. The ladder logic was implemented in
WPS Delta software. The proposed system will control the
liquid level of the tank continuously and will ensure that a
sufficient level of water is maintained in tanks. This system
can be used in industrial application. It can be used to prevent
industrial accident by overfilling of any open container and
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to prevent overfilling of any closed container thereby creating
overpressure condition. The high number of the input output
port of the PLC will enable this single system to control large
number of tanks single handedly. The system is operated by
PLC so there is no need of human
Interference this could save the human resources and
provides protections to individuals from danger of industrial
accidents. The system is highly reliable, once programmed it
does not need any inspections.
II. COMPONENTS USED
A. PLC Board: A programmable logic controller (PLC) is
an industrial computer controlsystem that continuously
monitors the state of input devices and makes decisions
based upon a custom program to control the state of
output devices

Figure 2: Programmable logic controller Board
B. SUBMERSIBLE PUMP MOTOR: The motor is
hermetically sealed and close-coupled to the body of the
pump. A submersible pump pushes water to the surface
by converting rotary energy into kinetic energy into
pressure energy.

-

Figure 2: 24V-DC Motor

C. WATER LEVEL SWITCH SENSOR: Float level switches
are general liquid level switches, and are used to detect
liquids.. These level switches have been used in various
locations where liquid levels must be detected.A float
switch is a device used to sense the level of liquid within
a tank. The switch may actuate a pump, an indicator, an
alarm, or other device.

Figure 3 : Water Level Switch Sensor

D. CONTAINERS: These containers made with plastic
.These are used to passing the liquids from one container
into another containers with the help of the water tubes.
The liquid flow into the containers by the ladder diagram
(time management). In this containers we arrange the 2-
motors in two containers with water tubes.

— =
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Figure 4: Containers
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WATER TUBES: The water tubes are helpful to pumping
the water one container to another container.The pipe -1
is placed in first container, which is attached to pump
motor-1 The pipe-2 is placed in second container, which
is attached to pump motor-2 The pipe-2 is dropped in first
container. The pipe-1 is dropped to second container

Figure 5: Water Tubes
RUBBER TAPES AND INSULATION TAPES: Rubber
tapes are designed for use I NHY6n splicing and
terminating wires and cables with options rated up to
69Kv. Electrical tape is a safety tape for wires, used to
cover and insulate a broad range of cables, wires and other
materials that conduct electricity.

G. ELECTRICAL WIRES: Stranded wire is composed of a

number of small wires bundled or wrapped together to
form a larger conductor. Stranded wire is more flexible
than solid wire of the same total cross-sectional area.

Figure 6: Electrical wires

IV. EXPERIMENTAL PROCEDURE:

« Make the arrangement of required material of the
plastic containers, float sensors, motors, wires, and
PLC board and computer system.

« As to fulfil the need of two water tanks as we use
two plastic containers.

« One bucket is used for purpose of a water tank
from where water is to be fetched.

< The other one is use to fill the water until a specific
quantity.

« The first tank comprises of a motor MO to fetch
water for second tank.

Figure 7: Water transfers from container

« The second tank comprises of two float sensors
attached inside that serve as lower level and upper
level for water.

«+ The float sensor detec
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FIGURE 8: Float Sensors detect

s When the program set to run the computer system
by using WPL software.

¢ The input of main switch at X0 and YO input red
wires at x1, x2, x3 and output yellow wires at Y1,
Y2 and Y3.

s As power is set on, the water is at low level then
water starts adding in to required tank.

«»  When the water reaches required up to upper level
sensor detects and stops the water supply.

% Automatically the supply set to off position when
water level is reached up to the tank.

+¢  The flow of water will start from outside tank.

» The cycle will repeat according to the program

D3

burned in PLC.
SCHEMATIC DIAGRAM:
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Figure 9: Schematic diagram
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EXECUTION AND INDUSTRY

Figure 10: Water level indicator and controlling system connections
V. EXPERIMENTAL RESULTS

A. Ladder diagram:
Ladder diagrams are specialized schematics commonly used
to document industrial control logic systems. They are called
“ladder” diagrams because they resemble a ladder, with two
vertical rails (supply power) and as many “rungs” (horizontal
lines) as there are control circuits to represent.
The four components of ladder diagrams are:
% Power Supply (rails).
Input Devices (components).
Output Devices (components).
Conductors (rungs)
B. Ladder Logic:
Ladder logic was originally a written method to document the
design and construction of relay racks as used in
manufacturing and process control. Each device in the relay
rack would be represented by a symbol on the ladder diagram
with connections between those devices shown. In addition,
other items external to the relay rack such as pumps, heaters,
and so forth would also be shown on the ladder diagram.
Ladder logic has evolved into a programming language that
represents a program by a graphical diagram based on the
circuit diagrams of relay logic hardware. Ladder logic is used
to develop software for programmable logic controllers
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(PLCs) used in industrial control applications. The name is
based on the observation that programs in this language
resemble ladders, with two vertical rails and a series of
horizontal rungs between them.

C. ALGORITHM:

STEP-1

Arrange all the parts and give the connection.

STEP-2

Fill the plastic containers with water.

STEP-3

Switch on the power.

STEP-4

Container-1, Power motor-1 will start and pump the liquid
to the other container from the source to the tank.

STEP-5

Fill the water to reach the high level.

STEP-6

Automatically the water supply stops.

STEP-7

Repeat the process up to requirement.

D. Ladder Diagram Of Water Level Indicator And

Controlling System?
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Figure 11: Ladder diagram of Water level indicator and controlling system.
Ladder diagram usually starts from top to bottom and left to
right. Inputs placed at left side and outputs at right side of
ladder diagram.

Here the,

X0 is Main Switch

X1 is Secondary Switch

X2 is Low Level Sensor

X3 is High Level Sensor

YO is Inlet Motor

Y1 is Outlet Motor

CONCLUSION

This prototype is specifically designed for the transfer of
accurate amount of water desired in any process or system
that involves the measurement of a certain amount of water.
The adaptability in industry of our research is due to its
automatic process. It is more probable that our research is
accepted due to ease of usability and very low cost. In today’s
world industries can only grow by making themselves
advance in technology and by upgrading their machineries
and plants. The water level control system using PLC and
wireless sensors is a simple one and combines wireless
sensors and programmable logic controllers. The program
was made on an experimental panel with a DELTA WPL
software. 24RL programmable logic Controller conducted in
the laboratory. Wireless sensors and PLC are modern
technologies that can be used for several control systems such
as water tank level process.
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A solution for water level control system using PLC and
wireless sensors is proposed, designed, implemented and
tested. The advantages of a design based on a PLC are
simplicity, flexibility.

FUTURE SCOPE

Automatic water level monitoring system has a good scope in
future especially for agriculture sector. There are any areas
where we need water level controller. It could be agricultural
fields, overhead tanks. We can make this project wireless by
using NRF transmitter and receiver. In future, the proposed
system can be used to monitor and analyse water usage of the
specific water source thus require developing such logic for
the application. The system can also be used to collect and
study the environmental data of water source and its
surrounding area by integrating other sensor to the system.
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Abstract—Industrial automation has become more important in
all production processes over the past few decades. Therefore,
saving time, money, and human effort is our key goal. As a
result, the "Colour Sensing Punching Machine" was created to
satisfy the aforementioned needs. Instead of having separate
conveyors for each colour, have a single conveyor with a colour
sensor, which saves both money and space. PLC programming
is employed to make labour easier than with other equipment,
and a pick-and-place robot is used to accurately box finished
goods. This work is also accelerating manufacturing at a high
rate of precision. The entire procedure is carried out in stages.
Layout is first created by sketching, followed by simulations of
PLC programming in WPL software, PLC assembly,
completion of all parts with minor components like lights to
prevent loss, testing, and approval. So that small-scale industries
like food production and soft-ball manufacturing can begin as
soon as the entire process is ready. The top outcomes in the
sectors are produced by these kinds of industrial machinery
with skilled workers.

Keywords: Color Detection, PLC, Photoelectric Sensor, WPL
Software, Microcontroller.

L. INTRODUCTION

Automation is largely converting the role of people in
plenty of systems, and riding isn't always any exception. A
developing amount of automobiles are being prepared with
pace manipulate structure. This device use ultrasonic sensor
to discover the impediment or affecting automobile
beforehand and warn toward motive force on crash risk. When
subsequent a few other car, the velocity manage device (SCS)
will mechanically offers sign about distance among vehicle
with obstruction during LED show to the driver to lessen the
pace of vehicle[1]-[3].

Nowadays manufacturers of Cars similarly to Motor
cycles moreover anticipate such technology and machine’s
which assures safety at immoderate pace. The use of right
braking gadget and via the use of managed tempo discount
strategies is the important thing to solve such troubles. The
utilization of Anti-lock braking mechanism in motors is the
present day style to boom protection of the car. There are also
different answers like Automatic Braking Systems which can
be beneficial as well as useful. Automatic braking technology
coalesce sensors and brake controls to assist save human
immoderate momentum impact. Some computerized braking
structures can save collisions on the whole, but maximum of
them are intended to actually reduce the cost of a medium
earlier than it hits some component[4]-[7].

Automation has been accomplished by a variety of
methods, including mechanical, hydraulic, pneumatic,
electrical, electronic, and computer systems, frequently in
conjunction. Complex systems, including contemporary
factories, aircraft, and ships, frequently employ all four
strategies in combination. Automation has several advantages,
including reduced labour expenses, lower electricity and
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material prices, and higher levels of precision, accuracy, and
quality. In general there are 3 types of automations such as
flexible, programmable and fixed automations. Figure 1 is
shows levels in industrial automation.

Ficld Level

Fig. 1. Levels in industrial Automation

Pneumatics is the study of system operated under Air
pressure. In a boarder classification, air comes under the
terminology of fluids. In industrial fluid power technology,
pneumatic system holds a significant place and is widely used,
various components of pneumatics as shown in Figure 2.

Fig. 2. Various components in Pneumatics

Dhanya et al. [8] proposed an era of improve automatic
braking with sensor fusion idea. In this they represent
operation of the residences of every capacitive and ultrasonic
sensor for identifying the difficulty for measuring the distance
many of the car and the interference. This distance range is
applied to deal with computerized braking system for security
program. In this apparatus they adopt the 32-bit micro-
controller with  ARM processor (LPC2138) because the
thoughts of this gadget for controlling performance and
complete the register through using c-language.

Bhumkar et al. [9] implements a scheme of about accidents
avoidance and disclosure on streets. This technology is
prepared for growth production in vehicles to execute it more
intelligently and interactively to prevent accidents on
highways. ARM?7 is the usage of making this design more
active, steady and powerful. In this process, they heard
described real-time online protection prototypes that rule the
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car pace underneath motive pressure exhaust. The principle of
this machine is to avoid injuries.

Sairam et al. [10] provides a technique which can adorn
the security of an automobile. This machine offer solution can
reinforce the operator via caution the purpose force
impediment and gathering adjacent to a vehicle that could
produce collision to this. Moreover implementing and
automobile are retarding in device, which supports in heading
off calamities. In this device ultrasonic sensor, motor purpose
of pressure and LCD are adopted.

Mugqaddas Bin Tahir [11] have come up with an ingenious
method distance measuring (Hurdle Detection) for comfy
surroundings in car via ultrasonic rays. In this strategy, 8
ultrasonic sensors are employed to sense the unique find of a
thing. By enforcing a rise in safety strategy in automobile,
sensor may be able of achievement typically until the sensor
detects workable possibility. Until the car reaches 75 feet
inside of an object in this situation, the sensor will not permit
output or sign, at which point the timer will give the driver a
record of the obstruction. The sensor clearly displays an
object; it is up to person or goal pressure to overcome the
obstacle.

In order to help identify important process factors, Oram
and Strine [12] devised colour assessment of a solid active
drug component. An investigational drug's powdered
pharmaceutically active ingredient (API) was found to have a
colour as a result of several manufacturing variables. A sphere
spectrophotometer's reflectance data was used to determine
the solid material's colour. These data offered a practical and
non-destructive tool to monitor how changes in the process
parameters affected the final product. Visual evaluation was
unable to offer a quantitative, impartial evaluation of the
information. Even as visual variations were obvious, Colour
of Solution (COS) analyses lacked the sensitivity to identify a
few of the data from one another.

The primary objective of this work is to reduce the space
occupied by the machinery in industries. In order to sort
objects of various colours, multiple conveyor belt devices are
equipped and used in a variety of industries, such as the food
processing industry and the pharmaceutical industry. This is
accomplished by establishing up a single conveyor belt that
transports goods, followed by a PLC module and sensor
module that recognises the objects and sorts them
appropriately. By only slightly increasing the inputs for the
PLC, the expenditures, labour costs, and cost of installation
are drastically decreased.

The objective of this work is:
e To develop a colour detection system using
Photoelectric sensor
e To suggest a cost effective automation solution that
is simple to apply in today's businesses in order to
reduce periodical or manual accuracy testing.

11. DESIGN AND IMPLEMENTATION

a. PLC Programming

It is simple to calculate with Programmable Logic Controllers
(PLCs). They use relay ladders, which are strikingly similar to
hypnotic relay circuits. Without a lot of practise or study,
engineers, consultants, and electricians can figure out how to
compute the PLC. The decision to use programmable logic
controllers rather than relays or solid-state electronics is
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influenced by a variety of factors. Transformations are
possible in a PLC, and in most cases, they don't need changing
the controller's hardware. PLCs are recyclable, and indicator
lights at key diagnostic locations on the PLC aid in regulation.
It is dependable, effective in the current environment, and
simple to maintain. The PLC is adaptable and able to produce
a variety of functionalities in addition to cost savings.

b. PLC Wiring

Generally, in electrical wiring concept we have two major
types. They are Sourcing and Sinking: When choosing the
type of input or output module for your PLC system, it is
very significant to have a firm sympathetic of sinking and
sourcing concepts. Uses of these terms occur often in
conversation of input or output circuits.

A series or parallel connection (Figure 3) can be used to
connect a number of inputs (11, 12, 13, I4,......In) with a variety
of outputs (Q1, Q2......Qn). The three inputs (I1, 12, and I3)
are connected in series with the single output (Q1 and Q2),
whereas the four inputs (I1, 12, I3, and 14) are connected in
parallel. As aresult, we can link the inputs in series or parallel
depending on the needs of our code.

&¥ AC010-PSO01 3.1 - [Untitied1]
Circuit Diagram _ Edit View Simulation Online Options Window 2.

DR A& =a X2 (Ao @QUr »|[=(sn 2]
(2
g n 2 13 Q1
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Fig. 3. Inputs Representations in Series and Parallel
Connection

The second rule states that the single input and all of the
outputs (Q1, Q2, Q3, Q4,......0Qn) are connected in parallel
(I1). See the illustration Figure 4. The single output (Q1) will
activate if the single input (I1) is ordinarily closed (NC
contact) (On).
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Fig. 4. Outputs in Parallel Connection

The third rule states that a just been can be used repeatedly in
several rungs. As you can see from the graphic Figure 5, the
programme is attached to the very same input (switch) but
various outputs.



Proceedings of ICETMEIA-2K22

B AC010-PS001 3.1 - [Untitled3]
Circuit Diagram  Edit  View it Online Options Window ?
DmM@[x me X |2 < [8[nn @ Q| > »|=|sn ?

l

v
a

5 _||1 01)_

1 IO

) __i n I_(OZ}_

ey _—|I1 03)—

K

4 DipsLab.com

Fig. 5. Single Input with a different form of Outputs

Figure 6 shows the working in the latch/unlatch function is
identical to that in the set/reset function. The sole distinction
is that the second input (12) is generally closed whereas the
first input (I1) is usually opened (NO) (NC). The cycling
process can benefit from the launch/unlatch operation.

&# AC010-PS001 3.1 - [Untitled1]
[} Circuit Diagram Edit View Simulation Online Options Window 2

DR & e X2 = |[saoufn Qe a|=([sn 2]

Q1
-

Y

|©=» BHsv Q]

3 Single coil in Latch/
Unlatch condition

DipsLab.com

Fig. 6. Latch Coil or Unlatch Coil (Same Output Address)

c. WPL SOFTWARE

WPLSoft, shown in Fig. 7, is program-editing software
created for the Delta DVP-PLC series used with Windows. In
addition to general programme design and distinct general
Windows features (such as cut, paste, copy, and multi-
windows), WPL Soft has included a wide range of Chinese/
English commentary-editing and special features.

Title of this
image page
The function tool bar

Rl 1 /P Editor - C:\PROGRA™1\DELTAWPLSOFTAWPL_doc\dvp0 [-[0/]

4— fie £ Congl Comm) Seoch Yo Conmricobn (oo Wi Hob
The general tool bar  4— Dﬁﬂﬁ»- A LN ]
LEBSE Rupade | L
— [{H##OO0= | > 4k
e o AR FH R R R AL
bar

The Ladder Diagram  4——
operation zone

The SFC
operation zone

The command
operation zone

g

The status panel Regioce |Rowd 018035teps

Fig. 7. WPL Editor Window

d. PNEUMATIC ACTUATOR

A piston or a diaphragm that generates the motive force
makes up the majority of a pneumatic actuator. It maintains
the air in the top part of the cylinder, allowing air pressure to
drive the piston or diaphragm to turn the valve control
element or move the valve stem. Valves function with low
pressure and often multiply or triple the input force. The
output pressure might increase with the size of the piston. If
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the air supply is poor, having a larger piston can help because
it will produce the same forces with less effort. These
pressures are high enough to cause pipe-bound objects to be
crushed. You could easily move a compact automobile
(weighing up to 1,000 Ibs) with 100 kPa input, and this is
merely the beginning. A schematic layout is shown in Figure
8.

Single-Aztng Cysnder with Spring Return

Condacning Unt (FRL)

Fig. 8. Working circuit of single acting cylinder developed
in Automation studio software

PHOTOELECTRIC SENSOR

Photo-optical workpieces are found via photoelectric
sensors. There are numerous types of sensors, such as diffuse-
reflective, through-beam, retro-reflective, and distance-
settable sensors. Additionally, there are sensors with
integrated or external amplifiers and fibre units. An Emitter
for generating light and a Receiver for receiving light make up
the majority of a photoelectric sensor. The amount of light that
reaches the receiver changes, when emitted light is stopped or
reflected by the detecting device. This change is picked up by
the receiver, which transforms it into an electrical output.
Most photoelectric sensors use infrared or visible light as their
light source (often red or green/blue for distinguishing
colours). Triangulation is the general operating mechanism for
distance-settable sensors. Figure 9 provides an illustration of
this idea.

e.

Emitter lens

----D

Emitter element

Receiver lens

Position detector

Fig. 9. Principle of triangulation

The Emitter and Receiver are mounted in the same
housing, as shown in Figure 10, and the Reflector is generally
installed on the contrary direction to reflect light back to the
Receiver from the Emitter. The detecting device reduces the
amount of light received when it interrupts the light. The
object is found using this decrease in light intensity.
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Sensing object
I] l Retroreflactor

Fig. 10. Sensing Method

f. ROBOTICS SYSTEMS

Servo motors are used to drive the robotic arm, and the timer
of the pulse rail that appears at its control inputs regulates
how much they rotate. Different degrees of rotation for the
servomotor are assigned to perform the actions in accordance
with the design of the robotic arm. The robot's arm is created
utilizing brackets made of aluminium. For this, four different
sorts of brackets are arranged. The complexity and
manufacturing process of the robotic arms makes them
extremely expensive and complicated. Two different types of
brackets are used for the robotic arm's extensions and
interconnections, as well as two different types for holding
the servo motors.

III. STEPSIN CIRCUIT DESIGNING

The layout of circuit and assembled panel are presented in
Figure 11 and Figure 12. The lists of components such as
STOP push button (X1), START push button (X0), Red light
treated as pistons (Y2, Y4, Y6), Terminal block, 220V AC
power supply, 220V AC to 12V DC converter, RELAY,
proximity sensor treated as colour sensor (X2, X3, X4), USB
port, RS 32 cable, TRUFF, MCB (miniature circuit breaker),
Buzzer treated as holding devices (Y1, Y3, and Y5), PLC
(programmable logic controller), SMPS (switch mode power
supply), and DC motor treated as motor for conveyor (Y0),
Dend Rail.

monitoring section

PLC

funnel
connecting pipes

pick and place paclfing
robot section

Fig. 11. Layout of colour code sensing punching machine

120
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: &

Fig. 12. Amatic colour code snsmg puncg machine
based on pneumatics with PLC

a. CIRCUIT DIAGRAM AND EXPLANATION

e The PLC programming is done through the WPL
software and then simulation is also done in the
same software.

e Then the programming is imported to the PLC and
make sure that the connections are tightly fixed as
mentioned in the layout.

e At first the objects are manufactured in the separated
block then at last those all mixed in the funnel for
packing section.

e Then these objects are placed in the conveyor.

e The colour sensor is located at first in the conveyor
it detects the colour. Once it detects the colour based
on the time delay the conveyor stops and object is
placed at the respective position exactly In-front of
the pistons.

e The three pistons and three holding devices are there
for three colours which are RED, GREEN, and
BLUE.

e The time delay for Red sensor and piston 1 is 5
seconds, the time delay for Green sensor and piston
2 is 10 seconds, the time delay for Blue sensor and
piston 3 is 15 seconds.

e The holding devices are ON before 3 seconds of the
piston ON and conveyor stops in the respective
positions and OFF after 2 seconds of piston return
backs.

e After printing the logo, description of company,
ingredients and price details on the components the
piston goes its actual position then after the holding
device releases the object to the container.

e The sensor in the container counts the objects when
it reaches to 5, 10, 15 objects of Red, Green, Blue
coloured objects the pick and place robot is ON and
it places in the packing section.

e  While operating the robot the remaining process is
stopped.

e This operation is done until the production stops.

IV.  CONCLUSIONS

The entire PLC programming (ladder diagram) is done
through WPL software and later the simulation is also done by
using WPL software. So that the program is imported to the
PLC and verified by using the above connection and
concluded that the program for Automatic colour code sensing
punching machine based on pneumatics gives the accurate
results. Hence this code is used for the medium scale
industries to meet Good results.



Proceedings of ICETMEIA-2K22

Acknowledgements. The Authors are grate thankful to the
management of Aditya Institute of Technology and
Management, for establishing ARC laboratory collaborating
with APSSDC — European centre for Mechatronics APS
GMBH, Aachen.

(1]

REFERENCES
A. P. Correia, C. H. Llanos, R. W. de Carvalho, S. A.
Alfaro, C. Koike, and E. D. Moreno, “A control design
approach for controlling an autonomous vehicle with
FPGAs,” J. Comput., vol. 5, no. 3, pp. 360-371, 2010.
D. Webster, “A Pulsed Ultrasonic Distance Measurement
System based upon Phase Digitizing,” [EEE Trans.
Instrum. Meas., vol. 43, no. 4, pp. 578-582, 1994.
H. Ahmad Al Issa, “Sensors Application Using
PIC16F877A Microcontroller,” Am. J. Remote Sens., vol.
4, no. 3, p. 13, Jul. 2016.
C. C. Chang, C. Y. Chang, and Y. T. Cheng, “Distance
measurement technology development at remotely
teleoperated robotic manipulator system for underwater
constructions,” in International Symposium on Underwater
Technology, UT’04 - Proceedings, 2004, pp. 333-338.
D. H. K. Hoomod and S. M. M. Al-Chalabi, “Achieving
Real-Time Tracking Mobile Wireless Sensors Using SE-
KFA,” in Journal of Physics: Conference Series, 2018, vol.

15

ISBN: 978-93-91420-07-9

1003, no. 1, p. 012039.

N. Amin and M. Borschbach, “Quality of obstacle distance
measurement using Ultrasonic sensor and precision of two
Computer Vision-based obstacle detection approaches,” in
International Conference on Smart Sensors and Systems,
1C-S8SS 2015,2017, pp. 1-6.

G. L. Gissinger, C. Menard, and A. Constans, “A
mechatronic conception of a new intelligent braking
system,” Control Eng. Pract., vol. 11, pp. 163—170, 2003.

D. Thakur and A. P. Thakare, “A Review on
Implementation of FPGA for Automatic Reverse Braking
System,” Int. J. Sci. Res. ISSN (Online Index Copernicus
Value Impact Factor, vol. 14, no. 1, pp. 2319-7064, 2013.
S. P. Bhumkar, V. V Deotare, and R. V Babar, “Accident
Avoidance and Detection on Highways,” Int. J. Eng.
Trends Technol., vol. 3, no. 2, pp. 247-252, 2012.

G. V Sairam, B. Suresh, C. H. S. Hemanth, and K. Krishna,
“Intelligent Mechatronic Braking System,” Int. J. Emerg.
Technol. Adv. Eng., vol. 3, no. 4, pp. 3-8, 2013.

M. Bin Tahir and M. Abdullah, “Distance Measuring
(Hurdle detection System) for Safe Environment in
Vehicles through Ultrasonic Rays,” Glob. J. Res. Eng.
Automot. Eng., vol. 12, no. 1, pp. 1-5, 2012.



Proceedings of ICETMEIA-2K22

ISBN: 978-93-91420-07-9

Design and Fabrication of Inversions of Slider
Crank Mechanism by Using 3d Printing

Kiran Chand Kopila and Konda Babu,Shaik Fayaz,Kondu Naveen Reddy
Assistant Professor, Department of Mechanical Engineering, Narasaraopeta Engineering College (4), Narasaraopet, A.P.India
234 Student, Department of Mechanical Engineering, Narasaraopeta Engineering College (4), Narasaraopet,A.P. India

Abstract— Mechanism in which the rotary motion of the crank
is converted into the linear motion of the piston or any other
integral elements the crank is the main element in crank
mechanism. A slider crank is most widely used to convert
reciprocating to rotary motion (as in an engine) or to convert
rotary to reciprocating motion (as inpumps), but it has numerous
other applications. A mechanism is a kinematic chain with one
fixed link. The fixed link is called frame. Different mechanism
is obtained by fixing different link in kinematic chain. Inversion
is the process of choosing different links in a kinematic chain
for the frame. Now a day’s smart worKk is the best result for the
output. The additive manufacturing is the advanced product
manufacturing process of producing 3-dimensional objects
from a computer file. 3D printing is overall method of
manufacturing parts directly from digital model by layer- by-
layer material built-up approach. 3D printing is called as
desktop fabrication. It is process of prototyping where by a
structure is synthesizes from a 3D model. 3D printing process is
derived from inject desktop printer in which multiple deposit
jets and the printing material layer by layer derived from the
CAD 3D data. In this project slider crank mechanism is
designed in CATIA software and fabricated by using 3D
printer. Generates properties and estimating time is done by
using Ultimaker Cura S5. Acrylonitrile Butadiene Styrene
(ABS) material is used as a 3D printing material. Slider crank
mechanism 3D printing time is 18 hours 35 minutes and volume
of material consumed is 134.4 grams. Rotary engine mechanism
3D printing is 20 hours 40 minutes and volume of material
consumed is 80 grams.
Keywords: 3D printing, Catia, uttimaker cura s5.

I. INTRODUCTION

Mechanism in which rotary motion of crank is converted
into the linear motion of the piston or any other integral
element. Crank is the main element used in crank
mechanism. A slider crank (see illustration) is most widely
used to convert reciprocating to rotary motion (as in an
engine) or to convert rotary to reciprocating motion (as in
pumps), but it has numerous other applications.

Slider-crank mechanism, arrangement of mechanical
parts designed to convert straight line motion to rotary
motion, as in a reciprocating piston engine, or to convert
rotary motion to straight line motion, as in reciprocating
piston pump. The basic nature of the mechanism and the
relative motion of the parts can best be described with the aid
of the accompanying figure, in which the moving parts are
lightly shaded. The darkly shaded part 1, the fixed frame or
block of the pump or engine, contains a cylinder, depicted in
cross section by its walls DE and FG, in which the piston,
part 4, slides back and forth. The small circle at A represents
the main crankshaft bearing, which is also in part 1. The
crankshaft, part 2, is shown as a straight member
extending from the main bearing at A to the crankpin
bearing at B, which connects it to the connecting rod, part 3.
The connecting rod is shown as a straight member extending

16

from the crankpin bearing at B to the wristpin bearing at C,
which connects it to the piston, part 4, which is shown as a
rectangle.

thoors

Fig:1 Slider Crank Mechanism

II. LITERATURE SURVEY

Van Der Putten, J.; De Schutter, G.; Van Tittelboom, K.
Surface modification as a technique to improve inter-layer
bonding strength in 3D printed cementitious materials.
RILEM Tech. Lett. 2019, 4, 33-38. [Google Scholar]
[CrossRef]: The structural capacity of 3D printed
components mainly depends on the inter-layer bonding
strength between the different layers. This bond strength is
affected by many parameters (e.g. moisture content of the
substrate, time gap, and surface roughness) and any
mismatch in properties of the cementitious material may
lead to early failure. A common technique to improve inter-
layer bonding strength between a substrate and a newly
added layer is modifying the substrate surface. For the
purpose of this research, a custom-made 3D printing.

III. MODELLING
List of Components: Slider Crank
Crank, Connecting Rod, Slider Pin and Slider Case.
Crank: Diameter= 100mm, Thickness = Smm
.Figure 2: CATIA Image of Crank
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Connecting Rod: length = 200mm, Thickness = Smm
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Fig: 3 Connecting Rod
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Slider: length = 40mm, Width = 40, Thickness
= 5mm

.Figure 4: Slider
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Pin: Diameter = 10mm, Height = 12mm
Figure S: Pin
Slider Case: Length = 160mm,
Height=80mm, Depth =15mm.
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Figure 6: Slider Case

Rotary Engine Components
Connecting Rod: Width =63 mm, Height = 7mm,
Depth =16mm.
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Figure 7: Connecting Rod

Crank shaft Pin: Diameter = 10mm, Height=20mm.

Fig: 8 Crank shaft pin
Crank Bearing: Diameter = 22mm, Height = 9mm
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Fig: 8 Crank Bearing
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Crank Shaft: Height = 24 mm, Width =45mm, Thickness =

Smm
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Fig: 9 Crank Shaft
Engine Case: Bore diameter = 50 mm and fin length =
10mm Stroke 1ength 40mm
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Figure 10: Engine Case

Gudgen Pln Diameter = 10mm, Length = 20mm
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Figure 11: Gudgin
Handle: Th1ckness = Smm
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Figure 12: Handle
Piston: Dlameter = 25mm and height= 30mm
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Figure 13: Plston
Piston Rlngs Dlameter =25mm and thickness = 2mm
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Washer: Diameter = 20mm, internal diameter = 10mm and
thickness = 3mm
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Figure 15: Washer

CURA SOFTWARE
Cura 3D is slicing software for 3D printers. It takes a 3D
model and slices it into layers to create a file known as G-
Code, which is the code that a 3D printer understands.
Curaslices 3D models. It translates the 3D STL, OBJ or 3MF
file into a format that the printer can understand. Fused
filament fabrication (FFF) 3D printers print one layer upon
another to build up the 3D object. Cura 3D takes the 3D
model and works out how those layers are placed on the print
bed and creates a set of instructions for the printer to follow
layer on layer. Cura generates instructions for your 3D
printer. They are called G-Code, a text document that ends
with the file extension. G-code. Open the file and you ‘Il
actually be able to read through quite a bit of the code and

understand what it‘s telling the printer to do.

Iv. STAGES OF 3D PRINTING:
4.2.1MODELING: This is carried out in any 3D modeling
application such as cad or Sketch-Up, which are just two of
many example applications. These applications have their own
file format and these enable you to open, edit, save, and export
those 3D printer files from the application.

4.2.2 3D FILE EXPORT: Once you have created your model,
it then needs to be exported as eitheran STL, OBJ, or 3MF file.
These are the file formats that are recognized by Cura. They
differ from the file formats that are native to the 3D modeling
applications as they just hold the final geometry and not the
individual primitives and editable content. Still, you can
change the size of the 3D model, but not the geometry.

4.2.3 SLICING FILE EXPORT: The STL or OBJ file
can then be imported into the Cura software where it is sliced
and output as G-Code. This G-Code is just a text document (in
essence) with a list of commands for the 3D printer to read and
follow such as hot-end temperature, move to the left this much,
right that much etc.
4.2.4 CURA SET UP OF 3D PRINTER:

On first loading Cura, it will be asked to select a printer. If not,
or if you want to set up a new printer, then select Settings >
Printer.

18
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Uliimatcer

Figure 16: Adding 3D printing model.
4.2.5 MODEL VIEWS IN CURA:
In the Cura software, there are three basic ways to view the
model. Each is useful for different reasons, especially when
a prczblem arises with your prints.

P00 0

Figure 17: Cura software adding STL component.

4.2.6 LAYERS: Also under Preview, if a print is failing
every time at a certain point, or you ‘ve done something
clever and just want to check that part of the print is OK, you
can switch to Layer view. An accurate way to do this is with
the arrow keys. Alternatively, there’s a slider for quickly
looking through all of the layers that build up your print. As
you get more advanced with Cura, this feature is handy for
pinpointing layers where you want to change settings in the
G-codg, such as to increase fan speed, layer height or flow.

| Ultimaker

. I

Figure 18: cura software 3d printing layer settings

4.3 CURA: Sometimes, you may want to move the model
along Cura ‘s build area because you don ‘t want to print
the model right at the center of the printer platform. At
other times, the imported model might have the wrong
orientation on the build area. If your model needs
adjusting, all you need to do is click on the model so that it
is highlighted and then select one of the options from the
tools on the left. Here you can quickly move, rotate, and
scale the model.
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Figure 19: cura software settings
4 4PRINTER SETTING: This section lets you select the right
printer and material.

Figure 20: 3D printing Settings

V. 3D PRINTING MATERIALS

5.1 PLASTICS: Nylon, or Polyamide, is commonly used
in powder form with the sintering process Orin filament form
with the FDM process. It is a strong, flexible and durable
plastic material that has proved reliable for 3Dprinting. It is
naturally white in colour but it can be coloured pre- or post-
printing. This material can also be combined (in powder
format) with powdered aluminum to produce another
common 3D printing material for sintering Alumide
ABS is another common plastic used for 3D printing, and is
widely used on the entry-level FDM 3D printers in filament
form. It is a particularly strong plastic and comes in a wide
range of colours. ABS can be bought in filament form from
a number of nonproprietary sources, which is another
reason why it is so popular

5.2 METALS: Two of the most common are aluminum and
cobalt derivatives. One of the strongestand therefore most
commonly used metals for 3D printing is Stainless Steel in
powder form. It is in the last couple of years Gold and Silver
have been added to the range of metal materials that can be
3D printed directly, with obviousapplications across the
jewellery sector. These are both very strong materials and
are processed in powder form. Titanium is one of the
strongest possible metal materials and hasbeen used for 3D
printing industrial applications for some time. Supplied in
powder form, it can be used for the sintering/melting/EBM
processes.

5.3 CERAMICS: Ceramics are a relatively new group of
materials that can be used for 3Dprinting with various levels
of success. The particular thing to note with these materials
is that, post printing, the ceramic parts need to undergo the
same processes as any ceramic part made using traditional
methods of production namely firing and glazing.
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First, let ‘s define what exactly the two materials are. Both
ABS and PLA are thermoplastics. Thermoplastics become
malleable when superheated, thus allowing you to mold and
sculpt them into different shapes prior to cooling. Moreover,
you can repeat the process without affecting the integrity of
the material. While both are used for making objects in 3D
printing via similar processes, ABS and PLA differ in some
key ways, and therefore some printers will only utilize ABS
or PLA or both, depending on the machineat hand. That said,
below is a quick glance at the merits of each thermoplastic in
case you ‘re wondering why the distinction exists to begin
with.

5.4 ABS: ABS, short for Acylonitrile Butadiene Styrene, is
an oil-based plastic. It is a strong, sturdy material that
businesses widely used for constructing things such as plastic
car parts, musical instruments, and the ever-popular Lego
building blocks. ABS has a high melting point, and can
experience warping if cooled while printing. Because of this,
ABS objects must be printed on a heated surface, which is
something many at-home printers do not have. ABS also
requires ventilation when in use, as the fumes can be
unpleasant. The aforementioned factors make ABS printing
difficult for hobbyist printers, though, it’s the preferred
material for professional applications.

5.5 PLA:

PLA, or Poly Lactic Acid, is made from organic material —
specifically cornstarch and sugarcane. This makes the
material both easier and safer to use, while giving it a
smoother and shinier appearance that’s more aesthetically
pleasing. The thermoplastic is also more pleasant on the
nose, as the sugar-based material smells slightly sweet
when heated opposed to the harsh smell often associated
with ABS. However, while PLA might seem like a better
overall choice at first glance, it features a far lower melting
point than ABS. This means that using printed parts for
mechanical operations, or even storing them in high-
temperature locations, can result in the part warping,
cracking, or melting.

The tablel below compares the main properties of PLA vs.
ABS:

Properties ABS PLA
Tensile Strength 27 MPa 37 MPa
Elongation 3.5-50% 6%
Flexural Modulus 21-7.6GPa 4 GPa
Density 10-14glem’ | 13 gem’
Melting Point N/A (amorphous) 173 °C
Biodegradable Yes, under the
No correct
conditions
Glass Transition o o
Temperature 105 °C 60°C
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Figure 23:3D Printed Connecting Rod

Table2 shows properties of ABS material Crank Support:
Properties ABS
Tensile Strength 27 MPa
Elongation 3.5-50%
Flexural Modulus 2.1-7.6 GPa
Density 10-14 g/cm3 Figure 24:3D Printed Crank Support
Slider:
Melting Point 85 °C (amorphous)
Biodegradable No
Glass Transition Temperature | 105
VL SPECIFICATIONS OF 3D PRINTER
USED:

e  Build volume: 330 x 240 x 300 mm (13 x 9.4 x

11.8 inches) Figure 25:3D Printed Slider
e Physical dimensions: 495 x 500 x 1197 mm (19.5 x ROTARY ENGINE
19.5 x 47.1 inches) )
Print technology: Fused filament fabrication (FFF) Engine Case:

Weight: 41.9 kg (92.4 1bs.)
Power input: 100-240 VAC, 50-60 Hz
Maximum power output: 600W |
FABRICATION OF COMPONENTS
USING 3D PRINTER
SLIDER CRANK:
Crank:

Figure 26:3D Printed Engine Case

Handle:

Figure 21:3D Printed Crank
Slider Case:

Figure 26:3D Printed Handle

Bearing:

Figure 22:3D Printed Slider Case
Connecting Rod:

Figure 27:3D Printed bearing
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Crank Shaft: Conngcting Rod:

Figure 28:3D Printed Crank Shaft A
Figure 33:3D Printed Connecting Rod

ASSEMBLING OF THE COMPONENTS AND
PRINTING TIME Slider Crank

Piston:

Figure 29:3D Printed Piston

1. Washer: Figure 34: Assembled Component in single slider crank

mechanism
Table 3 shows time taken to print the components

S. Name Of the Printed
No Component Time
1 Crank 4:30
2 Slider case 5:32
3 Connecting Rod 2:43
Figure 30:3D Printed Washer 4 Slider 2:38
Gudgen Pin: 5 Crank support 3:38
6 Pin and handle 2:00
Total: 21:38

minutes

ROTARY ENGINE

Figure 31:3D Printed Gudgen Pin
Piston Rings:

Figure 32:3D Printed Piston Rings

Figure 35: Assembled Component in single Rotary Engine
Table 4 shows time taken to print the components

S. Name Of the Printed
No Component Time
1 Engine case 6:40
2 Handle 1:32
3 Washer 1:03
4 Piston 3:38
5 Bearing 1:38
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6 Connecting rod 3:25
7 Gudgen pin 2:00
8 Piston rings 0:25
9 Crank shaft 2:30
Total: 23:1mi
nutes
CONCLUSION

The world is forever changing with the help of 3D
printing. The use of 3D printing for medicinal purposes today
is beyond astonishing but what the future holds is unknown,
however itis certain that additive layer manufacturing will be
a large corporate in solving our problems. 3D printing really
is limitless and only the surface has been scratched, there is
still much more to be uncovered. As shown in throughout the
web page. 3D printing bones is still new and continuously
improving and adjusting but it has already enhanced the life of
many patients around the world and more specifically in
Australia. It is evident that the more funding and research put
into 3D printing, the further 3D printing will take us. 3D is
forever unpredictable.

In this project work, design is done by using CATIA
software and then file is transformed to STL format which is
used for production of the component in 3D printing machine.
CURA software is used for slicing of the component produced
in CATIA and it also helps in adjustment of dimensions,
solidification time, material selection, printing speed and
printing time. In this project ABS material is used for the
production of the component in 3D printing machine. Slider

ISBN: 978-93-91420-07-9

crank mechanism 3D printing time is 18 hours 35 minutes and
volume of material consumed is 134.4 grams. Rotary engine
mechanism 3D printing is 20 hours 40 minutes and volume of
material consumed is 80 grams.
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ABSTRACT—Recently, the use of has become significant to
industries, especially when involving the routine works in
industries. A robotize machine designed to execute one or more
tasks automatically with speed and precision. In our project
work, by using the pneumatic gripper and the programming
given pick and place operation will performed by color sensor.
By using a robotic arm with pneumatic gripper Manipulation
of a robot arm can be utilized for different purposes
innovatively, here in this work, for pick and placing. IGUS
robot with pneumatic gripper is used to hold the object and
moves from one place to another place. The goal of this project
is to implement a programmable industrial robot for color
sorting. This investigates the development of an intelligent and
low-cost monitoring system for color identification and
segregation. The main purpose is to optimize the productivity
and avoid human mistakes. A serial image acquisition device
(camera) is used to capture the image and are sent to SD card
through a microcontroller .The microcontroller performs color
detection algorithm to recognize the dominant color of the
object, and it sends commands to the robotic arm topic and
place the objects to their respective locations. A robotic arm is
a manipulator which has a bout same number of degrees of
freedom as in human arm. DC motors are used for joint
rotations involved in the robotic arm; these motors are
interfaced with microcontroller through motor driver circuits.
These motor drivers are able to efficiently control the speed and
direction of motors. Keywords—pneumatic gripper,
microcontroller, manipulator, robotic arm.

Keywords: Colour Detection, PLC, Photoelectric Sensor, WPL
Sofiware, Microcontroller.

I. INTRODUCTION

Industrial robotics defined by ISO as an automatically
controlled, reprogrammable, multipurpose manipulator,
programmable in three or more axes, which can be either fixed
in place or visual input, in the form of color images from a
camera, can be a rich source of information, considering the
sophisticated algorithms recently developed in the field of
computer vision, for extracting information from images.
Even so, most robots continue to rely on non-visual sensors
such as tactile sensors, sonar, and laser. This preference for
relatively low-fidelity sensors rather than vision can be
attributed to three major discrepancies between the needs of
robots and the capabilities of state-of-the-art vision
algorithms. Pick And Place Robotics for use in industrial. This
paper aims to address these challenges by exploiting the
structure that is often present in a robot’s environment. We
define structure as the objects of unique shapes and colors that
exist at known locations — a color-coded world model. We
show that a robot can use this structure to model the color
distributions, thereby achieving efficient color segmentation.
Specifically, knowing that it is looking at an object of known
Dhanya et al. [8] proposed an era of improve automatic
braking with sensor fusion idea. In this they represent
operation of the residences of every capacitive and
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color allows it to treat certain image pixels as labeled training
samples. The domain knowledge also helps develop object
recognition algorithms that can be used by the robot to localize
and navigate in its complex world towards additional sources
of color information. We have developed a mobile robot
vision system that learns colors using the uniquely color-
coded objects at known locations, and adapts to illumination
changes. Specifically, this article makes the following
contributions: automation applications.
It describes a baseline vision system that tackles color
segmentation and object recognition on-board a robot with
constrained computational and memory resources. The
baseline system is robust to jerky nonlinear camera motion
and noisy images. However, it relies on manually labeled
training data and operates in constant and uniform
illumination conditions. And then it exploits the structure
inherent in the environment to eliminate the need for manual
labeling. The image regions corresponding to known objects
are used as labeled training samples. The learned color
distributions are used to better identify the objects, thereby
localizing and possibly moving to other sources of color
information. We introduce a hybrid color representation that
allows for color learning both within the controlled lab
settings and in un-engineered indoor corridors, it provides
robustness to changing illumination 2 conditions.
We introduce an algorithm that enables the robot to detect
significant changes in illumination. When a change in
illumination is detected, the robot autonomously adapts by
revising its current representation of color distributions. As a
result, the robot is able to function over a wide range of
illuminations. The focus of this article is on the design of
efficient robot vision algorithms that address challenging
problems such as color segmentation, object recognition,
color learning and illumination invariance. Using our
algorithms the robot is able to operate autonomously in an
uncontrolled environment with changing illumination over an
extended period of time. The vision system is fully
implemented and tested on a commercial off-the-shelf four-
legged robot. We also illustrate the general applicability of our
algorithms with the running example of a vision-based
autonomous car on the road; we refer to it as the car-on-the-
road task. The remainder of the article is organized as follows.
After a brief description of our test platform, we present our
baseline vision system, which tackles the problems of color
segmentation, object recognition and line detection, in real-
time.it extends the baseline system by eliminating the offline
color calibration phase: the robot uses the environmental
structure to autonomously generate a suitable motion
sequence to learn the desired colors. Further enables the robot
to detect significant illumination changes and adapt to them
ultrasonic sensor for identifying the difficulty for measuring
the distance
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II. USE OF ROBOTS

There are many different reasons for using a robot but
the central reason for most applications is to eliminate a
human operator. The most obvious reason is: To save labour
and reduce cost. Human is bad for the product for example
semiconductor handling. Within this class are other reasons
for wusing robots for example food handling,
pharmaceuticals, etc. Product is bad for the human for
example radioactive product. Within the above are other
reasons for using robots for example robots can be used to
replace human operators where the dangers are:

1. Repetitive strain syndrome.

2. Working with machinery that is dangerous for
example presses, winders.

3. Working with materials which might be harmful in
the short or long term.

Quality the main reason for using a robot is to save
labour the biggest impact a robot has can be on quality.
Applications where quality will be improved are:

+gluing,

sspraying (glue or paint),

strimming and de- burring,

stesting and gauging.

eassembly

elaboratory routines

A. Robot Anatomy:

Controller:

The Joint movements must be controlled if the robot is
to perform as desired .Microprocessor-based controllers are
regularly used to perform this control action. Controller is
organized in a hierarchical fashion. Each joint can feed back
control data individually, with an overarching supervisory
controller coordinating the combined actuations of the
joints according to the sequence of the robot program.
Manipulators:

Robot manipulators are created from a sequence of link
and joint combinations. The links are the rigid members
connecting the joints, or axes. The axes are the movable
components of the robotic manipulator that cause relative
motion between adjoining links. The mechanical joints used
to construct the robotic arm manipulator consist of five
principal types. Two of the joints are linear, in which the
relative motion between adjacent links is no rotational, and
three are rotary types, in which the relative motion involves
rotation between links.

End effector:

Grippers grasp and manipulate objects during the work
cycle. Typically, the objects grasped are work parts that
need to be loaded or unloaded from one station to another.
It may be custom-designed to suit the physical
specifications of the work parts they have to grasp. End
effectors, grippers are described in detail in below:

Mechanical gripper: Two or more fingers that can be
actuated by robot controller to open and close on a work
part.

*Vacuum gripper: Suction cups are used to hold flat
objects

*Magnetized devices making use of the principles of
magnetism, these are used for holding ferrous work parts.
Endeffectors—tools:

The robot end effecter may also use tools. Tools are used to
perform processing operations on the work part. Typically,
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the robot uses the tool relative to a stationary or slowly
moving object. In this way the process is carried out.
Examples of the tools used as end effectors by roots to
perform processing applications include.
*Spot welding gun
*Arc welding tool
*Spray painting gun
*Rotating spindle for drilling, routing, grinding.
*Assembly tool (e.g., automatic screwdriver)
*Heating torch.

I11. LITERATUREREVIEW

Dipak Aphale , Vikas Kusekar “PLC Based Pick and Place
Robot with 4DOF” The pick and place robot is one of the
technologies in manufacturing industry and designed to
perform various functions. The system is very important to
eliminate human errors and to get more precise work. It can
also save the cost in long term and help to solve problems
and tasks that cannot be done such as on high temperature
area,narrowareaandveryheavyloadthing. Thisprojectisabasi

cdevelopmentandmodification for that type of robot where
it use the peripheral interface Programmable Logic Control
(PLC) as the robot brain to control all of the robot
movement. The rotation of tills robotics 360 degree
(clockwise) and -360 degree (counter clockwise). The
electromagnetic gripper will move horizontally topic kup
and hold the object from one place to another place. This
robot is used to pick and place the object only in their
specifications (up to300mm horizontal and 300mm
vertically). The benefit of this project is the robot can pick
the object using electromagnetic gripper which is simple in
construction and also cost effective.

SPremkumar, Vikas Kusekar “Design and Implementation
of multi handling Pick and Place Robotic Arm “Robot
manipulator is an essential motion subsystem component of
robotic system for positioning, orientating objects that robot
can perform useful task The main aim of our work is to
collaborate the gripper mechanism and vacuum sucker
mechanism working in a single pick and place robotic arm.
This robot can be self-operational in controlling, stating
with simple tasks such as gripping, sucking, lifting, placing
and releasing in a single robotic arm. The main focus of our
work is to design the robotic arm for the above-mentioned
purpose. Robotic arm consists of revolute joints that
allowed angular movement between adjacent joint. Three
double acting cylinders were used to actuate the arm .Robot
manipulators are designed to execute required movements.
By using this collaborated mechanism, the success rate of
pick and place robots are increased. Shirine El Zaatari,
Mohamed Marei, Weidong Li, Zahid Usman: “Cobot
Programming for Collaborative Industrial Tasks”,
Collaborative robots (cobots) have been increasingly
adopted in industries to facilitate human-robot
collaboration. Despite this, it is challenging to program
cobots for collaborative industrial tasks as the programming
has two distinct elements that are difficult to implement: (1)
an intuitive element to ensure that the operations of a cobot
can be composed or altered dynamically by an operator, and
(2) a human-aware element to support cobots in producing
flexible and adaptive behaviors dependent on human
partners. In this area, some research works have been
carried out recently, but there is a lack of a systematic
summary on the subject. In this paper, an overview of
collaborative industrial scenarios and programming
requirements for cobots to implement effective
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collaboration is given. Then, detailed reviews on cobot
programming, which are categorized into communication,
optimization, and learning, are conducted. Additionally, a
significant gap between cobot programming implemented
in industry and in research is identified.

De-socialisation For Turkle:, the advance of the robot for
social purposes is worrying, and she fears that people will
lose their social skills and become even lonelier. She is
concerned that children will get used to perfect friendships
with perfectly programmed positive robots, so they will not
learn to deal with real-life people with all their
complexities, problems, and bad habits. These ideas remain
speculations, because there has been only limited research
on the actual effects of the impact of social robots on
children and adults. In addition, Turkle sees the sex robot as
a symbol of a great danger, namely that the robot’s
influence stops us from being willing to exert the necessary
effort required for regular human relations: “Dependence
on a robot presents itself as risk free. But when one becomes
accustomed to ‘companionship’ without demands, life with
people may seem overwhelming. Dependence on a person
is risky—because it makes us the subject of rejection—but
it also opens us to deeply knowing another.” She states that
the use of sex robots leads to de-socialisation.based on
turkle point of view.

Iv. PROGRAMMABLE LOGIC

CONTROLLER:
A programmable logic controller (PLC) is an industrial
computer control system that continuously monitors the
state of input devices and makes decisions based upon a
custom program to control the state of output devices. PLCs
were first developed in the automobile manufacturing
industry to provide flexible, rugged and -easily
programmable controllers to replace hard-wired relays.
Since then, they have been widely adopted as high
reliability automation controllers suitable for harsh
environments.

PLC System

[ ]
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FIG 1 :PLC ARCHITECTURE

A. Connections from PLC to robot:

In programmable logic controller they are six modules
present in the system, they are power supply,
communication module and four servo motors for four axis
movements. The output of the PLC give connection to the
input of robot. A compressor is connected to the robot to
hold the objects.

Fig 2: Programmable Logic Controller to Robot
v. EXPERIMENTAL PROCEDURE:
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A. the Following Figure Show in the Block Diagram of
Robot Manipulation

The robot manipulation is based on ¢ programming and
PLC the control of manipulation of robot is controlled by
PLC.

In our work they two relays i.e. relay 1 is related to
beverage one and relay 2 is related to beverage two.

The two relays are getting signal from PLC, when the relay
1 get the signal, the submersible motorl activate similarly
submersible emotor2 will be activate.
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Fig 3 :Block diagram
B. SEQUENCE OF OPERATIONS:

o The sequence of operation is initiated from
¢ prog software. The required operation of
robot should be written in a code in cprog
software.

o After execution code in cprog software, the
plc controls the robot manipulation and
robot get signal from PLC.

o  The robot comes to home position and after
that robot moves to a specific distance and
pic the glass.

o The robot returns to its home position and
wait for it command.

o The operator gives the command has
switch They are two switches and two

relays
CProg
program
(execution) PLC
keept at required controller
SgaROSon = robot
home
PR position
atgiveposition
robotpick
the bo:
submersible e oox
motor will start
wait for
command
relay get signal
robotmoved to con_unand
relay position switch on

Fig 4: Sequence of Operation
C.CIRCUIT DIAGRAM OF PROJECT:

Cireoit Dic m
QR Code® Cameys

Fig 5 : Circuit Diagram
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The circuit diagram of the system working with PLC and
relays has been schematically.
D. Step by Step Procedure of Code:
After completion of connecting circuits to robot and PLC.
Then Switch on the robots, PLC and computer. Later Open
C Prog software and connect the hardware. Now reference
the robot after it by using jog jogging command moving
the robot in required axis and angle. Fix all the positions
in the programed it or and save it in the.xml format then
run the program.

VI. EXPERIMENTAL RESULTS:

A .Step by step procedure to write the Main program in
software

veIuxa

i

Vpgeprpegegepenng’
43t S
i

Fig 6: Main Program

Explanation for the above program:

<Program>

<Header RobotName="igus
RobotType="igus 4DOF BV"
GripperType=""Software="CPRog V902-10-033"/>

<LinearNr="0"x="281.1"  y="0"z="518.1"a="-
1 80" b:"ONC:" 1 80" 61:"0"622"0"

e3="0"vel="100"acc="40"smooth="20"AbortCo
ndition="false"Descr=""/>

<Joint Nr="1" al="68.22" a2="1.89" a3="1.4"
342"86.71" a5:"0" a6:"0" eIZHOHeZ:HO"

e3:"0"

velPercent="50"acc="40"smooth="20"AbortCon
dition="false"Descr=""/>

<LinearNr="2"x="104.3" y="261"2z="259.8" a="-
1 1 1 .78" b:"()"C:" 1 80" elzﬂoll e2:"()"

e3:"0ll

vel="100" acc="40"
AbortCondition="false"
Descr=""/><RelativeNr="3"MoType="CartTool"
X:"O"y:HOH Z:" 125"8,:"0.0" b:VI0.0ﬂc:"O'OH
vel="100"

acc="40" smooth="20" AbortCondition="false"
Descr=""/><Wait Nr="4"Type="Conditional"
Condition="DIn22 orDin23"

Arm"

smooth="20"

Descr=""/><If Nr="5"  Condition="DIn22"
Descr=""/><Sub Nr="6"File="red.xml" Descr=""/>
<Else/>
<IfNr="7"Condition="DIn23"Descr=""/>
<SubNr="8"File="blue.xml"Descr=""/>
<Else/>
<Linear Nr="9" x="104.3" y="261" z="259.8" a="-
111.78" b:"()" C:"180" elzﬂol’eZ:"O"
e3:"OH
vel="100"acc="40"smooth="20"AbortCondition="false"
Descr=""/>
<EndIf/>
<EndIf/>
</Program
C. Step by step procedure to write the

red color program in C prog:
Fig 7: QR code 1Box1.xml

Explanation for the above program:
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<Program>

<Header RobotName="igus Arm"
RobotType="igus 4DOF BV"
GripperType="" Software="CPRog V902-10-
033"/>

<Relative Nr="0" MoType="CartTool" x="0"
y:"ON Z:"30" a:VI0.0H b:"0.0" C:"0.0"
vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Output Nr="1" Channel="DOut25"
State="True" Descr=""/>

<Wait Nr="2" Type="Time" Seconds="2"
Descr=""/>

<Relative Nr="3" MoType="CartTool" x="0"
y:HO" Z:"-60" a:HO'OII b:llo'oﬂ C:"0.0"
vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Joint Nr="4" al1="-39.83" a2="33.43"
a3="25.47" a4="31.09" a5="0" a6="0" ¢1="0"
e2:"0"

e3:"0"

velPercent="50" acc="40" smooth="20"
AbortCondition="false" Descr=""/>
<Relative Nr="5" MoType="CartTool" x="0"
y:HO" Z:H130" a:llo'oﬂ b:"0.0II C:HO'OH
vel="100" acc="40" smooth="20"
AbortCondition="false" Descr=""/>

<Output Nr="6" Channel="DOut25"
State="False" Descr=""/>

<Joint Nr="7" al="0" a2="1.88" a3="1.4"
a4:l186‘71" a5:"0" a6:"0" elzllO" e2:"0"
e3="0" velPercent="50" acc="40"
smooth="20" AbortCondition="false"
Descr=""/></Program>

D. Step by step procedure to write the blue color
programing C Prog

Fig 8 : QR code 1 Box 2.xml
Explanation for the above program:

<Program>

<Header RobotName="igus Arm"
RobotType="igus 4DOF BV" GripperType=""
Software="CPRog V902-10-033"/>
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<Relative Nr="0" MoType="CartTool" x="0" y="0"
z="30" a="0.0" b="0.0" ¢="0.0" vel="100" acc="40"
smooth="20" Abort Condition="false" Descr=""/>

<Output Nr="1" Channel="DOut25" State="True"
Descr=""/><Wait Nr="2" Type="Time" Seconds="2"
Descr=""/>

<Relative Nr="3" MoType="CartTool" x="0" y="0" z="-
100" a="0.0" b="0.0" ¢="0.0" vel="100" acc="40"
smooth="20" AbortCondition="false" Descr=""/>

<Joint Nr="4" a1="-2.95" 22="35.58" a3="27.83"
a4="26.58" a5="0" a6="0"

el="0" e2="0" e3="0" velPercent="50" acc="40"
smooth="20" AbortCondition="false" Descr=""/>

<Relative Nr="5" MoType="CartTool" x="0.0" y="0.0"
z="100.0" a="0.0" b="0.0" ¢="0.0" vel="100" acc="40.0"
smooth="20" AbortCondition="false" Descr=""/><Output
Nr="6" Channel="DOut25" State="False" Descr=""/>

<Joint Nr="7" al="0" a2="1.88" a3="1.4" a4="86.71"
a5="0" a6="0" e1="0" e2="0"

e3="0" velPercent="50" acc="40" smooth="20"
AbortCondition="false" Descr="

CONCLUSIONS
A manually operated dispatching machine system has been
designed for non- contact servicing of beverages using
robot arm manipulated by PLC has been developed and
implemented.
Robotics is a technology with a future, and it is a technology
for the future. In this project we are introducing a robot
which can pick and place objects based on the color. Earlier
this was done using color sensors but we have improved the
entire project by using a serial jpeg camera which can capture

27

ISBN: 978-93-91420-07-9

and identify or recognize the color of the image and
eventually the robot picks and places that object accordingly.
By doing so the speed and the accuracy of the color sorting
process is increased. The cost for the color sorting process is
considerably reduced. And most importantly there is overall
optimization in the productivity if an industry. This robot
arm can perform an action which is much similar to human.
Although there is significant progress in robotics, still its
usage is limited due to less availability of resources and high
cost of production. If we able to overcome these restrictions,
more benefits can be achieved from robotics.
Hence, the Pick and Place operation by using color sensor on
IGUS Robot arm with 4-axis is successfully achieved. The
PLC with combination of relays attached to the system of
motors for picking and placing operations is used in this
system to get more productivity with less time high
reliability for and flexible in work.
Hence, the picking and placing operation by using color
code on IGUS Robot arm with 4- axis is successfully
achieved.
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ABSTRACT: Carrying a load with a human effort is not an
easy task it increases the chances of contracting injuries. Robots
can play a vital role during the critical situation as they can
minimize some works of humans where humans should not step
in. This robot carries the load in home and industrial proposes.
A working prototype has been designed to control a car
wirelessly using an Android Application. This is done with the
help of Wi-Fi module for better connectivity. Android
application is used by the User to send data wirelessly either by
Wi-Fi This data is an input to the microcontroller system and
the microcontroller uses it as the controlling parameter to the
underlying hardware. This project is aimed to design and
develop a Wi-Fi-controlled robot using node MCU ESP8266,
Wi-Fi, and L298N Motor Driver Module. An android app
named Node MCU car developed to control robot car. By using
this app, robot can be controlled in all directions.
L INTRODUCTION

Designing a Wi-Fi-controlled wireless car is the main motto
of this project. Wi-Fi technology used has an average range
of 10 m, due to which the car cannot travel a binger distance.
So, Bluetooth-controlled automated cars have a limited
range of issues. This limitation has been solved by using a
Wi-Fi Module with a better range and wireless connectivity.
Another key point behind developing the project is the use
of Android Applications rather than traditional hardware
controllers, which effectively reduces cost. The wireless car
is controlled via a smartphone which is connected to the Wi-
Fi module. This Android application has been developed
with the required software tools (Android Studio) and it
works as a controller that controls the movement of the car.
Node MUC has been used as a microcontroller to drive this
project. Node MCU board provides ease in terms of
hardware interfacing and the coding is done using Arduino
software In the last decade, with the development of
technology, sensors used with electronic devices have been
used in many areas to facilitate life. Sensors are devices that
convert energy forms into electrical energy. The sensors
serve as a bridge connecting the environment and various
electronic devices. The environment can be any physical
environment such as military areas, or airports. factories,
hospitals, shopping malls, and electronic devices can be
smartphones, robots, tablets, or smart clocks. These devices
have a wide range of applications to control, protect, image,
and identification in the industrial process. Today, there are
hundreds of types of sensors produced by the development
of technology such as heat, pressure, and obstacle
recognizer. Human detecting. Sensors were used for lighting
purposes in the past, but now they are used to make life
easier. Thanks to technology in the field of electronics,
incredibly fast developments are experienced. In this respect,
it is possible to develop an invention or a new application
every day and make life easier. Today, robot systems are
developed with the use of artificial intelligence algorithms.
The robotics field is one of them The most important part of
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the robot is perception Perceiving the environment will be
important for a robot design. For instance, it is very
important to identify explosives by a robot to detect a
terrorist in the military field by using sensors. A robot must
perceive some variables (liken invention around it, interpret
it, and then decide to act accordingly.

In this article, a simple-designed mobile robot built up from
cost effective parts is introduced. The mobile robot can be
controlled via Wi-Fi wireless network with the help of a
simple application. Due to the cheap and simple design of
the robot, it may be a useful developing tool for those, who
cannot afford a much more expensive robot.

Robotic evolution starts with some basic ideas. It minimizes
the human efforts, and it can be deployed in a lot of fields
like military, surveillance application, Industrial Pick and
Place Robots latest Humanoid robots are developed in the
modern world. Now a day's robotic cars are developed by
using Wireless technology. Wireless technology in Robotics
starts with Bluetooth, WIFI, and Zigbee Communication.
Based on the Requirement and Application they deployed
the communication in Projects. And we have numerous
android Applications in Play store to control a robot car.
Blynk is a Popular App used in this Project it has a lot of
Features like buttons, gauges, Sliders and Plotting Features
also. By using Wi Fi technology, we can connect a greater
number of Robotic Car to control it very useful for
surveillance application

Now a day's Indoor localization Technologies are developed
on that case also we can deploy this type of Wi-Fi controlled
Robotic Car. A robot is a machine especially one
programmable by a computer capable of carrying out a
complex series of actions automatically. Robots can be
guided by an external control device, or the control may be
embedded within. Robots may be constructed on the lines of
human form, but most robots are machines designed to
perform a task with no regard to their aesthetics.

Robots have replaced humans in performing repetitive and
dangerous tasks which humans prefer not to do, or are unable
to do because of size limitations, or which take place in
extreme environments such as outer space or the bottom of
the sea. There are concerns about the increasing use of robots
and their role in society. Robots are blamed for rising
technological unemployment as they replace workers in
increasing numbers of functions. The use of robots in
military combat raises ethical concerns. The possibilities of
robot autonomy and potential repercussions have been
addressed in fiction and may be a realistic concern in the
future.

They are also employed for jobs which are too dirty,
dangerous or dull to be suitable for humans. Robots are
widely used in manufacturing, assembly and packing,
transport, earth and space exploration, surgery, weaponry,
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laboratory research, and mass production of consumer and
industrial goods.

A robot is an electromechanical machine that is controlled by
computer program to perform various operations. Industrial
robots have designed to reduce human effort and time to
improve productivity and to reduce manufacturing cost. Today
human-machine interaction is moving away from mouse and
pen and becoming much more pervasive and much more
compatible with the physical world. Android app can control
the robot motion from a long- distance using Bluetooth
communication to interface controller and android.
Microcontroller unit can be interfaced to the Bluetooth module
though protocol and code is written in embedded C language.

ﬂ“ AAA Battery i
r. Auziieg www Lf]
U” AAA Battery i
'i A23I8E W, .lﬂ

Figure.1. Basic Connections

As per the commands received from android app the robot
motion can be controlled. The output motion of a robotic
vehicle is accurate and repeatable. Pick and Place robots can
be reprogrammable, and tool can be interchanged to provide
for multiple applications. The purpose of this work is to design
and implement an Android Controlled Bluetooth Robot which
is used for Surveillance, home automation, wheelchairs,
military and hostages Rescue applications.

Robots are smart machines that can be programmed and used
in many areas such as industry, manufacturing, production
lines, or health, etc. These robots perform hard, dangerous, and
accurate work to facilitate our life and to increase the
production because they can work 24 hours without rest and
can do works like human but more precisely and with less time.
Assistive mobile robots that perform different kinds of work
over everyday activities in many areas such as industry,
manufacturing, production lines, or health, etc. are very
commonly used to improve our life. The idea of this research
is to exploit robotics usage on healthcare field to help mobility
disabled people.

INTRODUCTION OF EMBEDDED C PROGRAMMING

Before going into the details of Embedded C Programming
Language and basics of Embedded C Program, we will first
talk about the C Programming Language. The C Programming
Language, developed by Dennis Ritchie in the late 60’s and
early 70’s, is the most popular and widely used programming
language. The C Programming Language provided low level
memory access using an uncomplicated compiler (a software
that converts programs to machine code) and achieved
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efficient mapping to machine instructions. The C

Programming Language became so popular that it is used in a

wide range of applications ranging from Embedded Systems

to Super Computers.

Embedded C Programming Language, which is widely used

in the development of Embedded Systems, is an extension of

C Program Language. The Embedded C Programming

Language uses the same syntax and semantics of the C

Programming Language like main function, declaration of

data types, defining variables, loops, functions, statements,

etc. The extension in Embedded C from standard C

Programming Language include I/O Hardware Addressing,

fixed point arithmetic operations, accessing address spaces,

etc.

A. Keywords in Embedded C:

A Keyword is a special word with a special meaning to the

compiler (a C Compiler for example, is a software that is

used to convert program written in C to Machine Code). For

example, if we take the Keil’s Cx51 Compiler (a popular C

Compiler for 8051 based Microcontrollers) the following are

some of the keywords:

* bit

* sbit

o sfr

* small

* large

B. Data Types in Embedded C:

Data Types in C Programming Language (or any

programming language for that matter) help us declaring

variables in the program. There are many data types in C

Programming Language like signed int, unsigned int, signed

char, unsigned char, float, double, etc. In addition to these

there few more data types in Embedded C.

The following are the extra data types in Embedded C
associated with the Keil’s Cx51 Compiler.

® bit

® sbit
e Sfr

o sfrl6

FACTORS FOR SELECTING THE PROGRAMMING
LANGUAGE

The following are few factors that are to be considered while
selecting the Programming Language for the development of
Embedded Systems.

® Size: The memory that the program occupies is
very important as Embedded Processors like
Microcontrollers have a very limited amount of
ROM (Program Memory).

® Speed: The programs must be very fast i.e., they
must run as fast as possible. The hardware should
not be slowed down due to a slow running
software.

® Portability: The same program can be compiled
for different processors.

® Ease of Implementation.
e Ease of Maintenance.
® Readability.
Earlier Embedded Systems were developed mainly using

Assembly Language. Even though Assembly Language is
closest to the actual machine code instructions and produces
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small size hex files, the lack of portability and high number of
resources (time and manpower) spent on developing the code,
made the Assembly Language difficult to work with. There are
other high-level programming languages that offered the
above-mentioned features, but none were close to C
Programming Language. Some of the benefits of using
Embedded C as the main Programming Language:

*Significantly easy to write code in C.

*Consumes less time when compared to Assembly.

*Maintenance of code (modifications and updates) is

very simple.

*Make use of library functions to reduce the complexity

of the main code.

*You can easily port the code to other architecture with

very little modification.

1I. COMPONENTS

This are the main important components used:
*Node MCU (esp82 66-12¢ v1.0) Wi-fi Board.
*[.298N Motor Driver Module.
*DC geared motor.
*Wheels.
*Caster ball wheel.
*Micro USB cable.
+14.8v rechargeable battery Li-Po battery.
«Jumper wires (female to a female).
*2-wheel car chassis kit.

I11. FABRICATION OF APP CONTROL
ROBOT

Wi-Fi module for the system, which can be used as either
master or slave. Generally, our master will be smartphone
and slave will be Bluetooth module Bluetooth module will
give the commands given by smartphone to the
microcontroller. Microcontroller will act as the brain of the
robot. The motor movement will he decided by the
microcontroller. In this system we will using microcontroller
named Arduino Uno which microcontroller chip. The
microcontroller will be programmed with the help of the
Embedded C programming Arduino has its own
programming  environment  through  which  the
microcontroller can be purpose we will be using a DC motor
purpose we will be using a DC motor t will generate high
amount of power and torque which will be sufficient to drive
a human being. A motor driver will be used to control the
DC motor will we connected to the microcontroller and the
Bluetooth module will be connected to the same. In this
proposed system we will be using any rechargeable battery
to supply power to the electronic components of the system.
Mainly the microcontroller and DC motor will be in need of
power supply. The model represents a general idea how our
robot will look like, and it is interfacing with the android
smartphone. All the above-mentioned components will be
mounted on the skateboard. And act mentioned in the system
architecture the working will be processed. Motor driver is
used to control DC motor. The microcontroller is the Brain
of the robot and is used to connect the smartphone through
the Bluetooth module. The motor belt driver is used to
connect the wheels of the skateboard and the de motor
through driving cog. The entire electronic component except
the motor and belt will be kept in electronic component case.
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In the operating system of the smart mobile phone android,
we develop a remote-control program. The program
connected with wi-fi to communicate with the robot.
Wireless control is the most important basic need of all
people. Wireless network-controlled robots use wi-fi
modules.

Arduino blue control android application will transmit
commands using wi-fi to the car so that it can move in the
required direction like moving forward, reverse, turning left,
turning right, and stop.

1 .LOAD CARRYING ROBOT

The wi-Fi-controlled robot is used to carry the load at
Starting to require a location with controlling with the
mobile. The application of the prototype car is maximum
weight is carried 3kg and it is used in hazardous situations of
the area i.e., for example for military weapons transfer, any
fire accidents. etc.

2 .BLOCK DIAGRAM OF PROJECT

ANDROID APP
2
3

RECIEVER

TRANSMITTER

DC GEARED
MOTOR

DC GEARED
MOTOR

NODE McU

POWER SUPPLY

Fig 2.: Block diagram

Here is a block diagram, we have two sections one is the
transmitter section and the receiver section. In the receiver
section Node MCU is connected to two L298N motor drivers
where one is connected to two dc geared motors. The power
supply is also given to Node MCU. On the transmitter side,
we have a simple android app.

SOFTWARE DEVELOPMENT:

To develop this software, we must install the software
Arduino 1.8.13 and there we must write the program and
compile it. Here in the code, we are given the wi-fi device
name ARC BATCH: -B4, now our robot car will operate
only for the device named ARC BATCH: - B4. If we want
to change the device name, then we must change the name in
code and dump or update it then compile. Now we can
operate the machine with the changed name.
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Program for connecting wi-fi

© Balna | Arduno 1813

e il Skeloh Tools Help

L} £ Type here to scarch

Fig .4: Program

@ walen 41 ArdunG 1212
e il Skeloh Tools Help

cprowos ()

Fig 5: Program

© Batch 4 | Arduino 1.8.13
File Edit Sketch Tools Help

_

goBack () ;
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«

goRight () 7
¥
else if(command == "R")
«
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«
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¥
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void HTTE handleRoot (void) (
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tate") ){
intln(server.arg("State"));

¥
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delay (1)

]

== £ Type here to search o

Fig 6: Program
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Program for moving the robot right, left, forward, backward
and stop.

APP INSTALLATION:

Step. 1. Install this app (Node MCU car) on your mobile.

NodeMCU_Car

Fig.7. Node MCU
Step.2 Open the app, then you can find.

Nodemcu/ car |

IP Address

192.168.4.1

wB T A
= @ =
w U

Fig.8. Image showing inside the app

The above arrow marks indicate the directions in which we
can move the robot car in different directions. Console page
consist of 5 buttons named as LEFT, RIGHT, FORWARD,
BACKWARD & STOP. On pressing these buttons one can
move the robot in the specified direction, for example on
pressing Right the app will send an R output to the controller
which will then process the signal and give the input to motor
driver. While pressing the stop button the robot will stop its
movements
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Iv. CIRCUIT
EXPLANATION:
Node MCU is connected to L298N motor driver where it is
connected to two dc geared motors. Power supply bis also
given to Node MCU. In IN1 transmitter side we have a
simple android app.

*Connect the pin of the L298n motor driver module to the

D1 pin of the Node MCU board.

*Connect the IN2 pin of the L298n motor driver module

to the D2 pin of the Node MCU board.

*Connect the IN3 pin of the L298n motor driver module

to the D3 pin of the Node MCU board.

*Connect the IN4 pin of the L298n motor driver module

to the D4 pin of the Node MCU board.

*Connect the GND pin of the L298n motor driver module

to the GND pin of the Node MCU board.

*Connect VCC pin of L298n motor driver module to Vin

pin of Node MCU board.

DIAGRAM AND

E7B02-D60-1
+ 1000mAh 3.7V

+ E603450 7820

Fig..9.: circuit diagram

WORK EXPERIENCE AND FINAL
PROJECT:

Fig.11.: Load carrying
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CONCLUSION

The project is Bluetooth Robot using Arduino is an
application based on popular open-source technology
Android and Arduino. The aim of the project was to create
an Arduino integrated robot that has to be controlled through
an application that runs on the android operating system. The
project has been completed with success with the maximum
satisfaction. Provisions are created to upgrade the code. The
applying has been tested with live information and has
provided a health result. Hence the code has proven to figure
hasty. The system created met its objectives, by being
straightforward to use, implement. Further modules may be
simply other once necessary. The code is developed with
standard approach. All modules within the system are tested
with all the valid information for everything work with
success.

Wireless control is one of the most important basic needs for
all the people all over the world. But unfortunately, the
technology is not fully utilized due to a huge amount of data
and communication overheads. Generally, many of the
wireless-controlled robots use RF modules. But our project.
for robotic control make use of Android mobile phone which
is very cheap and easily available. The available control
commands are more than RF modules. For this purpose, the
android mobile user must install a designed application on
her/his mobile.

REFERENCES
[1] Vermesan Ovidiu, Friess Peter. Guillemin Patrick.
Sundmaeker Harald. Eisenhauer Markus. Moessner
Klaus, Le Gall Franck and Cousin Philippe 2010 Internet
of Things Strategic Research and Innovation Agenda
(River Publishers Series in Communications) p 7.
Zheng Pei and Ni Lionel 2010 Smart Phone and Next
Generation Mobile Computing (Elsevier)
Abed Faisal Theyab, ALRikabi Haider Th Salim and
Ibrahim Isam Aameer 2020 Efficient Energy of Smart
Grid Education Models for Modern Electric Power
System Engineering in Iraq (IOP Conference Series:
Materials Science and Engineering) vol 870 no 1 p
012049.
Singh Balkeshwar, Sellappan N and Kumara has P 2013
Evolution of Industrial Robots and Their Applications (J
International Journal of emerging technology, and
engineering advanced) vol 3 no 5 pp 763-768.
Hernandez-de-Menendez Marcela, Diaz Carlos A
Escobar, MoralesMenendez Ruben 2020 Engineering
Education for Smart 4.0 Technology: A Review (J
International Journal on Interactive Design, and
Manufacturing) vol 14, no 3 pp 789-803.
Marinoudi Vasso, Sorensen Claus G, Pearson Simon and
Bochtis Dionysius 2019 Robotics and Labour in
Agriculture. A Context Consideration (J Biosystems
Engineering) vol 184 pp 111 121.
Maurtua Inaki, Ibarguren Aitor, Kildal Johan, Susperregi
Loreto and Sierra Basilio 2017 Human-Robot
Collaboration in Industrial Applications: Safety,
Interaction And Trust (JInternational Journal of
Advanced Robotic Systems) vol 14 no 4 pp 17298814-
17716010.

(2]
(3]

(4]

(3]

(6]

(7]



Proceedings of ICETMEIA-2K22

[8] Roa'a M Al airaji, Aljazaery Ibtisam A, Al Dulaimi Suha
Kamal, Alrikabi Haider TH Salimand Informatics 2020
Generation of High Dynamic Range for Enhancing the
Panorama Environment (Bulletin of Electrical
Engineering) vol 10 no 1.

[9] Smys S and Ranganathan G 2019 Robot Assisted Sensing
Control and Manufacture in Automobile Industry (%J
SMS ISMAC) vol 1 no 03 pp 180187.

33

ISBN: 978-93-91420-07-9



Proceedings of ICETMEIA-2K22

ISBN: 978-93-91420-07-9

WI-FI CONTROLLED WARD
SANITIZATION ROBOT CAR

B. Venkata Siva !, Venkannababu Mendi 2, D Raviteja 3, Ch.V.L.Janardhan 4
1.2 professor, Department of Mechanical Engineering, Narasaraopeta Engineering College, Narasaraopet.
3.4 Student, Department of Mechanical Engineering, Narasaraopeta Engineering College, Narasaraopet.

ABSTRACT: This project describes the evolving role of robotics
in healthcare and allied areas with special concerns relating to
the management and control of the spread of the novel
coronavirus disease 2019 (COVID-19). The prime utilization of
such robots is to minimize person-to-person contact and to
ensure cleaning, sterilization and support in hospitals and
similar facilities such as quarantine. This will result in
minimizing the life threat to medical staffs and doctors taking
an active role in the management of theCOVID-19 pandemic.
The intention of the present research is to highlight the
importance of medical robotics in general and then to connect
its utilization with the perspective of COVID-19 management so
that the hospital management can direct themselves to maximize
the use of medical robots for various medical procedures. This
is despite the popularity of telemedicine, which is also effective
in similar situations. In essence, the recent achievement of the
Korean and Chinese health sectors in obtaining active control of
the COVID-19 pandemic was not possible without the use of
state of the art medical technology. In this project designing and
developing a Wi-Fi-controlled robot using node MCU ESP8266,
Wi-Fi, and L298N Motor Driver Module. To control this robot
car was developed with a simple android app named Node MCU
car. By using this app, robot can be controlled in all directions.

1. INTRODUCTION

Industrial robot is defined by 1SO as an automatically
controlled, reprogrammable, multipurpose manipulator,
programmable in three or more axes, which can be either
fixed in place or mobile for use in industrial automation
applications.

2. HISTORY OF ROBOTICS: TIMELINE

This history of robotics is intertwined with the
histories of technology, science and the basic principle of
progress. Technology used in computing, electricity, even
pneumatics and hydraulics can all be considered a part of the
history of robotics. The timeline presented is therefore far from
complete.

Robotics currently represents one of mankind’s
greatest accomplishments and is the single greatest attempt of
mankind to produce an artificial, sentient being. It is only in
recent years that manufacturers are making robotics
increasingly available and attainable to the general public. The
focus of this timeline is to provide the reader with a general
overview of robotics (with a focus more on mobile robots) and
to give an appreciation for the inventors and innovators in this
field who have helped robotics to become what it is today [2].
Medieval times:

Automatons, human-like figures run by hidden mechanisms,
were used to impress peasant worshippers in church into
believing in a higher power. [These mechanisms] created the
illusion of self-motion (moving without assistance). The clock
jack was a mechanical figure that could strike time on a bell
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with its axe. This technology was virtually unheard of in the
13th century.

Science fiction writer Isaac Asimov first used the word
"robotics" to describe the technology of robots and predicted
the rise of a powerful robot industry.

The term robotics refers to the study and use of robots; it
came about in 1941 and was first adopted by Isaac Asimov,
a scientist and writer. It was Asimov who also proposed the
following “Laws of Robotics” in his short story Run around
in 1942, First Industrial Robot shown in fig 1.1, is

introduced by George Devol it is used for transferring objects
and also for transporting die casting [3].

A second largest robot shown in fig 1.2 arrived of on the
scene in 1963.Designed by Harry Johnson & Veljko
Milenkovic. It is the world first cylindrical robot and it is first
commercial painting robot used in Ford Motors.

) [
!

C—

it
Fig 1.2 Versatran robot
1.3 ROBOT PARAMETERS:
The following are the parameters for robots. The parameters
are required when purchasing and handling a robot. A robot
axis will move. When a force is applied to it.
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Degrees  of
freadom

This is venally the same as the number of
axes.

Working
snvelope The rzgion of space a robot can raach
Kinematics The actual arrangement of joints in the
robot

Payioad How much weight a robot can lift
How fast the robot can position the end of
Speed its arm.

Acceleration How quicklyan axis can accelerate.

Accuracy How closely a robot can reach a

commanded position.

How well the robot will retum to a
programmed position

Repeatability

Compliance Measure of the amount in angle or distance

that

1.4 Robot anatomy:
Controller:

The Joint movements must be controlled if the robot
is to perform as desired. Microprocessor-based controllers
are regularly used to perform this control action. Controller
is organised in a hierarchical fashion. Each joint can feed
back control data individually, with an overarching
supervisory controller co-ordinating the combined actuations
of the joints according to the sequence of the robot program.
Manipulators:

Robot manipulators are created from a sequence of
link and joint combinations. The links are the rigid members
connecting the joints, or axes. The axes are the movable
components of the robotic manipulator that cause relative
motion between adjoining links. The mechanical joints used
to construct the robotic arm manipulator consist of five
principal types.

Two of the joints are linear, in which the relative
motion between adjacent links is nonrotational, and three are
rotary types, in which the relative motion involves rotation
between links.

End effector:

Grippers grasp and manipulate objects during the
work cycle. Typically the objects grasped are work parts that
need to be loaded or unloaded from one station to another. It
may be custom-designed to suit the physical specifications
of the work parts they have to grasp. End effectors, grippers
are described in detail in below:

Mechanical gripper: Two or more fingers that can be
actuated by robot controller to open and close on a work part.
Vacuum gripper: Suction cups are used to hold flat objects.
Magnetised devices Making use of the principles of
magnetism, these are used for holding ferrous work parts.
Adhesive devices deploying adhesive substances these hold
flexible materials, such as fabric.

Simple mechanical devices for example, hooks and scoops.
End effectors — tools:

The robot end effecter may also use tools. Tools are used to
perform processing operations on the work part. Typically
the robot uses the tool relative to a stationary or slowly
moving object. In this way the process is carried out.
Examples of the tools used as end effectors by roots to perform
processing applications include:

Spot welding gun

Arc welding tool

Spray painting gun

Rotating spindle for drilling, routing, grinding, etc.
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» Assembly tool (e.g. automatic screwdriver)

> Heating torch
Drive:
> The drive is the engine or motor that moves the

links into their designated positions.

> The links are the sections between the joints.
> Industrial robot arms generally use one of the
following types of drives:

> Hydraulic drive
> Electric drive
> Pneumatic drive

Hydraulic drive:

It gives a robot great speed and strength. They provide high
speed and strength, hence they are adopted for large
industrial robots. This type of drives are preferred in
environments in which the use of electric drive robots may
cause fire hazards.

Pneumatic drive:

Generally used for smaller robots with fewer axes of
movement. Used for Carry out simple pick-and-place
material-handling operations, such as picking up an object at
one location and placing it at another location. These
operations are generally simple and have short cycle times.
Here pneumatic power can be used for sliding or rotational
joints.

Pneumatic robots are less expensive than electric or
hydraulic robots.

Sensors:

Sensors receive feedback about its environment and also as
a sense of sight and sound. and it collects information and
sends it electronically to the robot controlled.

Vision sensors allow a pick and place robot to differentiate
between items to choose and items to ignore [8].

1.5 Classification of robots:
According to operation of controller:

Limited sequence control

Limited sequence robots do not give servo controlled to
inclined relative positions of the joints; instead they are
controlled by setting limit switches & are mechanical stops.
There is generally no feedback associated with a limited
sequence robot to indicate that the desired position, has been
achieved generally thin type of robots involves simple motion
as pick & place operations.

Playback with point-to-point control

These type robots are capable of controlling velocity
acceleration & path of motion, from the beginning to the end
of the path. It uses complex control programs,
PLC’s (programmable logic controller’s) computers to control
the motion. The point to point control motion robots are
capable of performing motion cycle that consists of a series of
desired point location. The robot is tough & recorded, unit.
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CHAPTER-2
LITERATURE SURVEY:

The purpose of the project is to carry the load at starting to
require a location with controlling the mobile. The
application of the prototype car is maximum weight is carried
3kg and it is used in hazardous situations of the area i.e., for
example for military weapons transfer, any fire accidents. etc.

The designing methodology of the system has two major
portions: software design and hardware design. Hardware is
designed by arranging microcontrollers whereas software
design includes programming that is written and uploaded to
the microcontroller.

Node MCU (Node Microcontroller Unit) is the central
coordinator. This microcontroller has built-in support for Wi-
Fi connectivity which allows it to send and receive data from
the mobile application via an internet server. It reads data and
sends them to mobile applications and receives commands
from mobile applications to control the robot. It then drives
the robotic directions. Mobile application- Node MCU_CAR
is the simple software used to control the robotic directions.
Internet server-mobile application in smartphones and Node
MCU communicates by using Wi-Fi. Bidirectional transfer of
data between Node MCU and mobile app occurs through this
server.

This project is to limit the interaction between COVID-19
patients and health workers as well as to address the shortage
of PPE kits. COVID-19 has not just added to the already
heavy workload of healthcare professionals around the globe;
it has also created the additional concern of medical workers
getting infected due to direct contact with patients.

The aim of this research is to provide an automated
mobile robot based solution to improve the effectiveness of
ward management and medicine management and
distribution processes. This system shows its use can the
improve the effectiveness of the present hospital ward
management system. This will include helping with things
like food and medication, something that nurses and doctors
have been doing so far, putting them at larger risk of
contracting the virus. The idea of robots taking up jobs
previously done by humans may feel dystopian but scientists
believe machines can free up human hospital medical staff
while limiting the spread of the virus. "Robots can play a vital
role during the present pandemic as they can minimise human
intervention at all levels, starting from patient examination to
patient care and drug delivery mechanism," The designing
methodology of the system has two major portions: software
design and hardware design. hardware is designed by
arranging microcontroller whereas software design includes
programming that is written and uploaded in the
microcontroller.

Node MCU (Node Microcontroller Unit) it is the central
coordinator. This microcontroller has built-in support for Wi-
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Fi connectivity which allows it to send and receive data from
mobile application via internet server. It reads data and sends
them to mobile application and receives commands from
mobile application to control robot . It then drives the robotic
directions. Mobile application- Node MCU CAR is the
simple software used to control the robotic  directions.
Internet server-mobile application in Smartphone and Node
MCU communicate by using Wi-Fi. Bidirectional transfer of
data between Node MCU and mobile app occurs through this
server. A few research papers related to medical robots have
been reviewed and the following references show
influence on the design of the smart medical assistant robot.

S Premkumar, Vikas Kusekar “Design and
Implementation of multi handling Pick and Place Robotic
Arm” Robot manipulator is an essential motion subsystem
component of robotic system for positioning, orientating
object so that robot can perform useful task The main aim of
our work is to collaborate the gripper mechanism and
vacuum sucker mechanism working in a single pick and
place robotic arm. This robot can be selfoperational in
controlling, stating with simple tasks such as gripping,
sucking, lifting, placing and releasing in a single robotic arm.
The main focus of our work is to design the robotic arm for
the above mentioned purpose. Robotic arm consists of
revolute joints that allowed angular movement between
adjacent joint. Three double acting cylinders were used to
actuate the arm of the robot. Robot manipulators are
designed to execute required movements. By using this
collaborated mechanism the success rate of pick and place
robots are increased.

N. Rakesh, A. Pradeep Kumar, S. Ajay “Design
And Manufacturing Of Low Cost
Pneumatic Pick And Place Robot” The paper proposes a
cheap and effective method for design and manufacturing of
a three degree of freedom revolute jointed robotic arm. The
design process begins by specifying top—level design criteria
and passing down these criteria from the top level of the
manipulator’s structure to all subsequent components. With
this proposed approach the sequential design intents are
captured, organized and implemented based on the entire
system objectives, as opposed to the conventional design
process which aims at individual components optimization.
By considering the mechanical arm’s performance
objectives, the design starts with modelling the integration of
all the individual links constituting the manipulator. During
the design process, modifications are made based on
integrated information of kinematics, dynamics and
structural analysis of the desired robot configuration as a
whole. An optimum assembly design is then achieved with
workable sub designs of the manipulator components. As a
result, the proposed approach for manipulator design yields
substantially less number of iterations, automatic
propagation of design changes and great saving of design
efforts.

Shirine El Zaatari, Mohamed Marei, Weidong L1,
Zahid Usman “Cobot
Programming for Collaborative Industrial Tasks”,
Collaborative robots (cobots) have been increasingly
adopted in industries to facilitate human-robot collaboration.
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Despite this, it is challenging to program cobots for
collaborative industrial tasks as the programming has two
distinct elements that are difficult to implement: (1) an
intuitive element to ensure that the operations of a cobot can
be composed or altered dynamically by an operator, and (2)
a human-aware element to support cobots in producing
flexible and adaptive behaviours dependent on human
partners. In this area, some research works have been carried
out recently, but there is a lack of a systematic summary on
the subject. In this paper, an overview of collaborative
industrial scenarios and programming requirements for
cobots to implement effective collaboration is given. Then,
detailed reviews on cobot programming, which are
categorised into communication, optimisation, and learning,
are conducted. Additionally, a significant gap between cobot
programming implemented in industry and in research is
identified, and research that works towards bridging this gap
is pinpointed. Finally, the future directions of cobots for
industrial collaborative scenarios are outlined, including
potential points of extension and improvement.

CHAPTER-3
ROBOT MODULES

3.1.Node MCU:

NodeMCU is a low-cost open source 10T platform. It initially
included firmware which runs on the ESP8266 Wi-Fi from
Espressif Systems, and hardware which was based on the
ESP-12 module.Later, support for the ESP32 32-bit MCU
was added.

Fig 3.1 Node MCU
NodeMCU is an open source firmware for which open source

prototyping board designs are available. The name,

"NodeMCU" combines "node" and "MCU" (micro-
controller unit). The term "NodeMCU" strictly speaking refers
to the firmware rather than the associated development Kits.

Both the firmware and prototyping board designs are ope?

source.
The firmware uses the Lua scripting language. The firmware
is based on the eLua project, and built on the Espressif Non-
OS SDK for ESP8266. It uses many open source projects, such
as lua-cjsonand SPIFFS.Due to resource constraints, users
need to select the modules relevant for their project and build
a firmware tailored to their needs. Support for the 32-bit
ESP32 has also been implemented.

The prototyping hardware typically used is a circuit board
functioning as a dual in-line package (DIP) which integrates a
USB controller with a smaller surface-mounted board
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containing the MCU and antenna. The choice of the DIP
format allows for easy prototyping on breadboards. The design
was initially based on the ESP-12 module of the ESP8266,
which is a Wi-Fi SoC integrated with a Tensilica Xtensa
LX106 core, widely used in 10T applications.
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Fig 3.2 MCU Pin functions

Types :

There are two available versions of NodeMCU as version 0.9
& 1.0 where the version

0.9 contains ESP-12 and version 1.0 contains ESP-12E
where E stands for "Enhanced".

ESP8266 Arduino Core:

As Arduino.cc began developing new MCU boards based on
non-AVR processors like the ARM/SAM MCU and used in
the Arduino Due, they needed to modify the Arduino IDE so
that it would be relatively easy to change the IDE to support
alternate toolchains to allow Arduino C/C++ to be compiled
for these new processors. They did this with the introduction
of the Board Manager and the SAM Core. A "core" is the
collection of software components required by the Board
Manager and the Arduino IDE to compile an Arduino C/C++
source file for the target MCU's machine language. Some
ESP8266 enthusiasts developed an Arduino core for the
ESP8266 WiFi SoC, popularly called the "ESP8266 Core for
the Arduino IDE". This has become a leading software
development platform for the various ESP8266-based
modules and development boards, including NodeMCUs.
General Pin Functions :

LED: There is a built-in LED driven by digital pin 13. When
the pin is high value, the LED is on, when the pin is low, it is
off.

VIN: The input voltage to the Arduino/Genuino board when
it is using an external power source (as opposed to 5 volts
from the USB connection or other regulated power source).
You can supply voltage through this pin, or, if supplying
voltage via the power jack, access it through this pin.

» 5V: This pin outputs a regulated 5V from the regulator

on the board. The board can be supplied with power
either from the DC power jack (7 - 20V), the USB
connector (5V)

> VIN pin of the board (7-20V). Supplying voltage
via the 5V or 3.3V pins bypasses the regulator, and can
damage the board.
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» 3V3: A 3.3 volt supply generated by the on-board
regulator. Maximum current draw is 50 mA.

3.2. L298N MOTOR DRIVER:

This L298N Motor Driver Module is a high power motor
driver module for driving DC and Stepper Motors. This
module consists of an L298 motor driver IC and a 78MO05 5V
regulator. L298N Module can control up to 4 DC motors, or
2 DC motors with directional and speed control.

78M05 Voltage regulator will be enabled only when the
jumper is placed. When the power supply is less than or equal
to 12V, then the internal circuitry will be powered by the
voltage regulator and the 5V pin can be used as an output pin
to power the microcontroller. The jumper should not be
placed when the power supply is greater than 12V and
separate 5V should be given through SV terminal to power
the internal circuitry.

ENA & ENB pins are speed control pins for Motor A and
Motor B while IN1& IN2 and IN3 & IN4 are direction control
pins for Motor A and Motor B.

The L298N is an integrated monolithic circuit in a 15- lead
Multiwatt and PowerSO20 packages. It is a high voltage ,
high current dual full-bridge driver de-signed to accept
standard TTL logic level sand drive inductive loads such as
relays, solenoids, DC and stepping motors. Two enable inputs
are provided to enable or disable the device independently of
the in-put signals . The emitters of the lower transistors of each
bridge are connected together rand the corresponding external
terminal can be used for the connection of an external sensing
resistor. An additional Supply input is provided so that the
logic works at a lower voltage.
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High operating voltage, which can be up to 40 volts;
Large output current, the instantaneous peak current
can be up to 3A; With 25W rated power;
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Two built in H-bridge, high voltage, large current, full bridge
driver, which can be used to drive ~ DC motors, stepper
motors, relay coils and other inductive loads.

Using standard logic level signal to control.

1. Able to drive a two-phase stepper motor or four-
phase stepper motor, and two-phase DC motors.

2. Adopt a high-capacity filter capacitor and a
freewheeling diode that protects devices in the circuit from
being damaged by the reverse current of an inductive load,
enhancing reliability.

3. The module can utilize the built-in stabilivolt tube
78MO5 to obtain 5v from the power supply. But to protect the
chip of the 78MO05 from damage, when the drive voltage is
greater than 12v, an external 5v logic supply should be used.
4, Drive voltage: 5-35V; logic voltage: 5V.

5. PCB size: 4.2 x 4.2 cm.

/ |. CURRENT SENSING B
OUTPUT 4

QUTPUT 3

INPUT 4

ENABLE B

INPUT 3

LOGIC SUPPLY VOLTAGE Vg
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ENABLE A
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QUTPUT 2

QUTPUT 1
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3.3.Wi-Fi Module:
Wi-Fi modules (wireless fidelity) also known as WLAN
modules (wireless local area network) are electronic
components used in many products to achieve a wireless
connection to the internet.
There are two main categories of Wi-Fi modules for 1oT: A
“single” solution where the MCU runs the Wi-Fi stack and
the host application in one chip. A “host processor + WiFi
module” solution where the wireless connectivity solution
contains the WiFi stack, and a separate processor runs the
host application.
The Arduino Uno Wi-Fi is an Arduino Uno with an integrated
WiFi module. The board is based on the ATmega328P with
an ESP8266WiFi Module integrated. The ESP8266WiFi
Module is a self contained So with integrated TCP/IP
protocol stack that can give access to your Wi-Fi network (or
the device can act as an access point).
An ESP8266 Wi-Fi module is a SOC microchip mainly used
for the development of endpoint IoT (Internet of things)
applications. It is referred to as a standalone wireless
transceiver, available at a very low price. It is used to enable
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the internet connection to various applications of embedded
systems.

The module has a wireless Wi-Fi transceiver operating in an
unlicensed frequency range of 2400-2484 MHz in the IEEE
802.11 b/g/n standard, with support for TCP/IP
communication protocol stack and Wi-Fi security including
WAP3.

The five Wi-Fi technologies are A, B, G, N and AC. B and
G use the 2.4 GHz frequency; A and AC use the 5 GHz
frequency; and N uses both 2.4 and 5 GHz frequencies. Your
choice for your home or business will come down to three:
Wireless G, N or AC. Routers that only support Wireless B
are no longer manufactured.

The ESP8266 is a very user friendly and low cost device to
provide internet connectivity to your projects. The module
can work both as a Access point (can create hotspot) and as
a station (can connect to Wi-Fi), hence it can easily fetch data
and upload it to the internet making Internet of Things as
easy as possible.
The ESP8266 Integrates 802.11b/g/n HT40 Wi-Fi
transceiver, so it can not only connect to a Wi-Fi network
and interact with the Internet, but it can also set up a network
of its own, allowing other devices to connect directly to it.
This makes the ESP8266 Node MCU even more versatile
Power to the ESP8266 Node MCU is supplied via the on-
board Micro USB connector. Alternatively, if you have a
regulated 9V voltage source, the VIN pin can be used to
directly supply the ESP8266 and its peripherals.

5.GPIO -0

7.Rx

e 8. VCC (+3.3V)
6. Reset

(o> 4, CH_EN

A—2 Tx

1.Ground

3.GPlIO -2

Fig.3.5 pin configuration of Wi-Fi module
V3 :-3.3V Power Pin.
GND : - Ground Pin.
RST : - Active Low Reset Pin.

EN : Active High enable pin.
TX : Serial Transmit Pin Of UART.
RX : Serial Resive Pin Of UART.
Features :
> Processor: L106 32-bit RISC
micro processor core based on
the Tensilica Diamond Standard
106Micro running at 80 MHz.

Memory: 32 KiB instruction
RAM.

32 KiB instruction cache RAM
80 KiB user-data RAM

\ A4
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>
>

16 KiB ETS system-data RAM
Integrated TR switch, balun,
LNA, power amplifier and
matching network

» WEP or WPA/WPA?2 authentication, or open networks
» 17 GPIO pins
» Serial Peripheral Interface Bus (SPI)
» 12C (software implementation)
» 12S interfaces with DMA (sharing pins with GPI0)
» UART on dedicated pins, plus a transmit-only UART can
be enabled on GP102
» 10-bit ADC (successive approximation ADC)
Pin Out of ESP -01:
The pinout is as follows for the common ESP-01
module:
» GND, Ground (0 V)
» GPIO 2, General-purpose input/output No. 2
» GPIO 0, General-purpose input/output No. 0
» RX, Receive data in, also GP103
» VCC, Voltage (+3.3 V; can handle up to 3.6 V)
» RST, Reset
» CH_PD, Chip power-down
» TX, Transmit data out, also GPIO1

3.4.Basics of Embedded C Program :
Embedded C is one of the most popular and most
commonly used Programming Languages in the
development of Embedded Systems. So, in this article,
we will see some of the Basics of Embedded C Program
and the Programming Structure of Embedded C.
Embedded C is perhaps the most popular languages
among Embedded Programmers for programming
Embedded Systems. There are many popular
programming languages like Assembly, BASIC, C++,
Python etc. that are often used for developing Embedded
Systems but Embedded C remains popular due to its
efficiency, less development time and portability.
Before digging in to the basics of Embedded C Program,
we will first take a look at what an Embedded System is
and the importance of Programming Language in
Embedded Systems.
we have seen a little bit about Embedded Systems and
Programming Languages, we will dive in to the basics of
Embedded C Program. We will start with two of the basic
features of the Embedded C Program: Keywords and
Datatypes.
Embedded System :
An Embedded System can be best described as a system
which has both the hardware and software and is designed to
do a specific task. A good example for an Embedded System,
which many households have, is a Washing Machine.
We use washing machines almost daily but wouldn’t get the
idea that it is an embedded system consisting of a Processor
(and other hardware as well) and software.
Programming Embedded Systems:

As mentioned earlier, Embedded Systems consists of both
Hardware and Software. If we consider a simple Embedded
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System, the main Hardware Module is the Processor. The
Processor is the heart of the Embedded System and it can be
anything like a Microprocessor, Microcontroller, DSP,
CPLD (Complex Programmable Logic Device) or an FPGA
(Field Programmable Gated Array).

All these devices have one thing in common: they are
programmable i.e., we can write a program (which is the
software part of the Embedded System) to define how the
device actually works.

Embedded Software or Program allow Hardware to monitor
external events (Inputs / Sensors) and control external
devices (Outputs) accordingly. During this process, the
program for an Embedded System may have to directly
manipulate the internal architecture of the Embedded
Hardware (usually the processor) such as Timers, Serial
Communications Interface, Interrupt Handling, and I/O Ports
etc.

From the above statement, it is clear that the Software part
of an Embedded System is equally important as the
Hardware part. There is no point in having advanced
Hardware Components with poorly written programs
(Software).

There are many programming languages that are used for
Embedded Systems like Assembly (low-level Programming
Language), C, C++, JAVA (highlevel programming
languages), Visual Basic, JAVA Script (Application level
Programming Languages), etc.

In the process of making a better embedded system, the
programming of the system plays a vital role and hence, the
selection of the Programming Language is very important.
Factors for Selecting the Programming Language :

The following are few factors that are to be considered while
selecting the Programming Language for the development of
Embedded Systems.

> Size: The memory that the program occupies is very
important as Embedded Processors like Microcontrollers
have a very limited amount of ROM (Program Memory).

> Speed: The programs must be very fast i.e., they
must run as fast as possible. The hardware should not be
slowed down due to a slow running software.

> Portability: The same program can be compiled for
different processors.

> Ease of Implementation
> Ease of Maintenance
> Readability

Earlier Embedded Systems were developed mainly using
Assembly Language. Even though Assembly Language is
closest to the actual machine code instructions and produces
small size hex files, the lack of portability and high amount
of resources (time and man power) spent on developing the
code, made the Assembly Language difficult to work with.
There are other high-level programming languages that
offered the above mentioned features but none were close to
C Programming Language. Some of the benefits of using
Embedded C as the main Programming Language:
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>
>

Significantly easy to write code in C

Consumes less time when compared to
Assembly

Maintenance of code (modifications

and updates) is very simple

» Make use of library functions to reduce the complexity
of the main code

You can easily port the code to other architecture with
very little modifications

>

>

Introduction to

Language :

Embedded C Programming

Before going in to the details of Embedded C
Programming Language and basics of Embedded C
Program, we will first talk about the C Programming
Language.

The C Programming Language, developed by Dennis
Ritchie in the late 60’s and early 70’s, is the most popular
and widely used programming language. The C
Programming Language provided low level memory
access using an uncomplicated compiler (a software that
converts programs to machine code) and achieved
efficient mapping to machine instructions.

The C Programming Language became so popular that it
is used in a wide range of applications ranging from
Embedded Systems to Super Computers.

Embedded C Programming Language, which is widely
used in the development of Embedded Systems, is an
extension of C Program Language. The Embedded C
Programming Language uses the same syntax and
semantics of the C Programming Language like main
function, declaration of datatypes, defining variables,
loops, functions, statements, etc.

The extension in Embedded C from standard C
Programming Language include 1/0 Hardware
Addressing, fixed point arithmetic operations, accessing
address spaces, etc.

Keywords in Embedded C :

A Keyword is a special word with a special meaning to the
compiler (a C Compiler for example, is a software that is
used to convert program written in C to Machine Code). For
example, if we take the Keil’s Cx51 Compiler (a popular C
Compiler for 8051 based Microcontrollers) the following are
some of the keywords:
bit
shit
sfr
small
large

Data Types in Embedded C :

Data Types in C Programming Language (or any
programming language for that matter) help us declaring
variables in the program. There are many data types in C
Programming Language like signed int, unsigned int, signed
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char, unsigned char, float, double, etc. In addition to these
there few more data types in Embedded C.
The following are the extra data types in
Embedded C associated with the Keil’s
Cx51 Compiler.
> bit
»  shit
» sfr
» sfrl6

Basic Structure of an Embedded C Program
(Template for Embedded C Program) :

The next thing to understand in the Basics of Embedded C
Program is the basic structure or Template of Embedded C
Program. This will help us in understanding how an
Embedded C Program is written. The following part shows
the basic structure of an Embedded C Program.

Multiline Comments . . . . . Denoted using /*...... */ Single
Line Comments. .. .. Denoted using //
Preprocessor Directives . . . . . #include<...> or #define
Global Variables . . . . . Accessible anywhere in the
program
Function Declarations . . . . . Declaring Function
Main Function . . ... Main Function, execution begins here
Local Variables . . . .. Variables confined to main function
Function Calls . .
Calling other  Functions

Infinite Loop . .. .. Like while(1) or for(;;) Statements . . .
}
Function Definitions .

. Defining the

Functions
{
Local Variables . . . .. Local Variables confined to this

Function Statements . . . ..

CHAPTER-4
SANITIZATION ROBOT COMPONENTS

4.1 : NODE MCU

Node MCU is an open source firmware for which open
source prototyping board designs are available. The name
"Node MCU" combines "node" and "MCU" (microcontroller
unit).

The term "Node MCU" strictly speaking refers to the
firmware rather than  the associated development Kits.
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Fig 4.1 Node MCU

TABLE 1: SPECIFICATIONS OF NODE

MCU :
Spec MCA TONS Argunio
NodeMCU~1.0 pro Mini
MCU 32 bit Tensilica 8 bit AT
mega3liP
frequency 30/ 160 MH= 16 MH=
Input-Cutput 17*DIO 14*DIO
ADC pin 110 bit 6*10 bit
Operating 30~3.6V 3.0~
Voltage 3.6V
Program ANVE 32kk
Memory
Wi-Fi IEEE 302.11
big/n

Fig 4.7 CASTER BALL WHELL
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CHAPTER-5

EXPERIMENTAL WORK AND EXECUTION
BLOCK DIAGRAM OF ROBOT :

Node MCU is connected to two L298N motor drivers where
one is connected to two dc geared motors and another is
connected to the submersible pipe motor. Power supply bis
also given to Node MCU. In transmitter side have a simple
android app.

e

(R

\

Fig.3.15 Image showing the circuit diagram

TRANSMITTER
APP _—
RECIEVER ! =
P~ _:tj/,
7 MOTOR | | OTOR
v Il DRIVER [
= Ic _((DC GEARED
NODE — MOTOR
MCU |
—={1298N
it MOTOR | - /SUBMERSIBLE
POWER DRIVER | \(_PIPE MOTOR
SUPPLY ic

CIRCUIT DIAGRAM AND EXPLANATION:
Node MCU is connected to L298N motor driver where it is
connected to two dc geared motors. Power supply bis also
given to Node MCU. In transmitter side we have a simple
android app.
Connect the IN1 pin of the L298n motor driver module to the
D1 pin of the NodeMCU board.
Connect the IN2 pin of the L298n motor driver module to the
D2 pin of the NodeMCU board.
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Connect the IN3 pin of the L298n motor driver module to the
D3 pin of the NodeMCU board.

Connect the IN4 pin of the L298n motor driver module to the
D4 pin of the NodeMCU board.

Connect the GND pin of the L298n motor driver module to
the GND pin of the NodeMCU board.

Connect VCC pin of L298n motor driver module to Vin pin
of NodeMCU board.
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After uploading the code, open the application.

The wi-fi address for the phone and board should be the
same.

In the operating system of the smart mobile phone
android, we develop a remote-control program.

The program connected with wi-fi to communicate with
the robot. Wireless control is the most important basic
need of all people.

Wireless network-controlled robots use wi-fi modules.
Arduino blue control android application will transmit
commands using wi-fi to the car so that it can move in
the required direction like moving forward, reverse,
turning left, turning right, and stop.

YV V VYV

Y V

App Installation:

Step.1. Install this app(NodeMCU_ car) in your mobile

NodeMCU_Car
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NodeMcU_Car

IP Address

192.168.4.1

Software Development :

To develop this software we have to install the software
Arduino 1.8.13 and there we have to write the program and
compile it. Here in the code we given the wi-fi device name
venky, now our robot car will operate only for the device
named venky. If we want change the device name then we
have change the name in code and dump or update it then
compile. Now we can operate the machine with the changed
name.

To develop this software, we must install the software
Arduino 1.8.13 and there we must write the program and
compile it. Here in the code, we are given the wi-fi device
name ARC BATCH: -B4, now our robot car will operate only
for the device named ARC BATCH: -B4. If we want to
change the device name, then we must change the name in
code and dump or update it then compile. Now we can operate
the machine with the changed name.

S8 O Type here to search
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CONCLUSION

As everything get automated and updated in this tech
era, people usually look for easy and smart ways of
using things and this wi-fi controlled robot car would
come under one of the smart way to sanitize the hospital
wards, schools and public places using mobile phone
through nodemcu car app. The main advantage is that
it is a cost effective ,simple manner and it’s processing
time is very less . One of the disadvantage is it is used
for short distance.

Autonomous mobile sanitizing robot is becoming most
useful in COVID-19 hospital environments. It reduces
the human intervention in sanitization. The designed
system is very compact, so easily can transport this
robot to any place.

The COVID-19 pandemic presents even more reason
to use mobile robots for safe cleaning in quarantine
zones. The proposed model is fabricated and tested in a
hospital environment. The system is capable of
disinfecting an area of up to 100 m2 per day.

By using the autonomous sprinkler system optimizes
the disinfecting areas and reduces the wastage of
sanitizer. The designed system is capable of sanitizing
an area of up to 100 m2 per day.

The application area can include hospital corridors,
medical shop, operation theatre, walking pathways,
doctor room, testing center, and patient room, etc.

SCOPE FOR FUTURE WORK

With the changing time, just like other technologies,
robots are also playing an important role in fight against
diseases like COVID-19. In the case of an outbreak, the
robotic technology can play a crucial role in not just
assisting the patients but also keeping the doctor and
healthcare staff safe. Robots are all around us, making
significant contributions to making our lives easier and
more efficient.

Now, robotics and Internet of Things (loT)
technologies are being applied to help organizations
battle the COVID-19 pandemic, by sanitizing the
different places such as shopping malls, movie theatres,
train stations, schools and grocery stores.Automation
updates with Al for better business model and
consumer experience.

Size and shape of the Robot can be modified according
to the requirement. We can also mount the web camera
in our robot, which can be used in various field such as
spying, or for military uses.

A wireless camera is mounted on the robot vehicle for
spying and surveillance purpose even in night time by
using infrared lighting. Future modifications can be
made to perform different tasks with precise control
such as:

» A Robot Mounted with camera.

» A headset, with a full-color display
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> A mission control centre

»  Multiple sensor can be added in the robot.
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ABSTRACT Honeycomb sandwich structures are widely used
in aerospace and space structures due to unique characteristics
like high strength to weight ratio and High stiffness.
Honeycomb sandwich structure consists of honeycomb core
made of either metal or thin paper like materials. Core is
sandwiched with metallic or composite face sheets. Core gives
high compressive strength whereas face sheet gives shear
strength. Generally, Honeycomb core is made up of aluminum,
fiberglass and advanced composite materials. For nearly same
weight honeycomb sandwich structure can give up to 30 time’s
higher stiffness than metallic sheets. Modelling of Honeycomb
sandwich structures with actual cell configuration is difficult
and time consuming. Hence sandwich structure is generally
modelled as equivalent homogeneous structure. Honeycomb
core sandwich structures are especially becoming more
prevalent in the field of civil engineering where the need of high
structural strength and low weight is necessary. So there is a
constant increase in demand for lightweight, high strength and
stiffness properties and cost economical materials. These
factors are directly or indirectly related to the mechanical
properties of honeycomb sandwich structures. Usually, the
optimal geometrical structure at with higher mechanical
properties is the main motive in this material research. Often
there is a correlation to design and manufacture sandwich
panels with much precise geometry and optimal properties.
Normally the existing sandwich panels are designed and
manufactured with the higher factor of safety in the thickness
and mechanical properties required for the particular
application. This may be a reasonable solution. But when we
consider for complex geometry and larger design, it’s not so
comparatively easy, dimensional restrictions, and material
consumption and production cost will be the major issues. The
present work is to experimentally analyses the mechanical
properties of the sandwich panels and find the optimal
geometrical thickness of the sandwich with high strength and
stiffness properties.
Keywords: Sandwich, Honeycomb, Aluminum, Balsa, face
sheet, strength, stiffness

L. INTRODUCTION
1.1. Sandwich Structure with Balsa Core and Aluminum
Face Sheets
1.1.1. Sandwich Structures:
Sandwich structured composites are a particular class of
composite materials which have become very popular due to
high specific strength and bending stiffness. The low density
of these materials makes them especially suitable for use in
aeronautical, space and marine applications. Sandwich
panels are composite structural elements, consisting of two
thin and stiff face sheets and separated by a thick layer of
light weight and a stiff material called core. The faces and
the core material are bonded together with an adhesive to
facilitate the load transfer mechanisms between the
components. This particular layered composition creates a
structural element with both high bending stiffness, bending
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Fig 1.1. Construction of honeycomb core sandwich panel
The construction of honeycomb core sandwich structures is
shown in Fig 1.1. The first layer is the face sheet. This layer
is the primary layer of the sandwich structure called as skin
and the skin is bonded with the honeycomb core by the
adhesive layer. The adhesive may be thermoset plastic or
thermoplastic. By splitting a solid laminate down the middle
and separating the two halves with a core material the result
is a sandwich panel. The new panel weighs little more than
the laminate, but its flexural stiffness and strength are much
greater by doubling the thickness of the core material the
difference is, even more, striking.
1.1.2. Face sheet materials:
The primary functions of the face sheets are to provide the
required bending and in-plane shear stiffness alongside to
carry the axial, bending, and in-plane shear 8 loading. There
are various materials that can be used as face sheets. Some
examples are given below:
- Aluminium
- Steel/Stainless Steel
- Carbon/Epoxy
- Fiberglass/Epoxy
- Aramid/Epoxy
- Plywood
- Galvanized iron

Fig.1.2. Aluminium sheet
1.1.3. Core materials

The main part of the sandwich structure is core material, in
most of the sandwich structure in plain loads and bending
loads are carried by the face sheets and the core carries the
transverse shear load. The core materials are generally
divided into four types solid, honeycomb, web core and truss
core.The inner skin is laminated onto the top of the core
material effectively sealing it. Sandwich core laminates of
this type are used to stiffen various composite applications
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such as boat hulls, automobile hoods, moulds, and aircraft
panels. By increasing the core thickness, you can increase the
stiffness of the sandwich without substantially increasing
weight and cost.

The most common types of core materials are Honeycomb,
Vinyl Sheet Foam, End Grain Balsa, Polyurethane Foam
Honeycomb:

Honeycomb is a series of cells, nested together to form panels
similar in appearance to the cross-sectional slice of a beehive
as shown in Fig 1.3. In its expanded form, honeycomb is 90-
99 % open space. Honeycomb is fire retardant, flexible,
lightweight, and has good impact resistance. It offers the best
strength to weight ratio of the core materials. Honeycomb is
used primarily for structural applications in the aerospace
industry. Parts which require minimum weight often employ
Honeycomb sandwich cores.

Fig 1.4. Vinyl Sheet Foam

Vinyl Sheet Foam

Vinyl sheet foam is shown in Fig 1.4. is one of the most
versatile core materials on the market. It is a rigid, closed cell
material that resists hydrocarbons, alkalis, dilute acids,
methyl alcohol, sea water, gasoline, diesel oil, and it is self-
extinguishing. It has been used extensively in aircraft and
performance automotive structures, but it can be applied
anywhere that high properties and easy handling are needed.
Vinyl foam can be thermoformed in an oven or with a heat
gun while applying gentle pressure. For ultimate peel
strength, use a perforation roller to increase the surface area
of the foam. The peel strength will increase an additional 15-
20% after perforation.

End Grain Balsa

End-grain balsa is the most widely used core material. It is
both a relatively high strength core and less expensive than
vinyl or honeycomb. It achieves its high compression
strength because on a microscopic level it has a honeycomb
type of structure yet is quite dense. It is easy to cut and bevel
and is available in 29x49 inch sheets. The individual small
blocks of end grain balsa are bonded to a light scrim fabric
which makes the sheet quite flexible as shown in Fig 1.5.
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Figl.5. End Grain Balsas

Fig 1.6. Polyurethane Foam

Polyurethane Foam

This sheet foam shown in Fig 1.6 is a rigid, closed cell
material with excellent thermal insulation and flotation
properties. This core has been at the heart of the marine
industry for decades and is fairly inexpensive when a lower
property cored laminate is needed. It is compatible with both
polyester and epoxy resin systems.

1.1.4. ADHESIVES

Adhesives’ (or the bounding layer) role in the sandwich
structures is to keep the faces and the core co-operating with
each other. The adhesive between the faces and the core must
be able to transfer the shear forces between the faces and the
9 core. The adhesive must be able to carry shear and tensile
stresses. It is hard to specify the demands on the joints; a
simple rule is that the adhesive should be able to take up the
same shear stress as the core [13]. Some adhesive types, such
as phenolic, give out vapor during curing reaction. The vapor
can cause several problems if this vapor is trapped; it may
cause little or no bond in some areas, the pressure may
damage the core material or it may cause the core to move to
an undesired position. Common adhesives in current use are:
1. Nitrile Pheonolic

2. Vinyl Pheonolic

3. Epoxy

4. Urethane

5. Polyimide

6. Polyamide

1.2. Major Application Areas of Honeycomb Sandwich
Structures

1.2.1 Aerospace Applications

In Commercial Aerospace, As Radome: Specialized glass
Prepregs. Flexcore honeycomb, For Landing Gear Doors and
Leg Fairings: Glass/carbon Prepregs, honeycomb and Redux
bonded assembly. Special process honeycomb, For Galley,
Wardrobes, Toilets: Fabricated Fibrelam panels, As
Partitions: Fibrelam panel materials, For Wing to Body
Fairing: Carbon/glass/aramid Prepregs. Honeycombs. Redux
adhesive. In Wing Assembly: (Trailing Edge Shroud Box)
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Carbon/glass Prepregs. Nomex honeycomb. Redux bonded
assembly, Flying Control Surfaces - Ailerons, Spoilers,
Vanes, and Flaps: Glass/carbon/aramid  Prepregs.
Honeycomb. Redux adhesive, Passenger Flooring: Fibrelam
panels, Engine Nacelles and Thrust Reversers: Carbon/glass
Prepregs. Nomex honeycomb. Special process parts, Cargo
Flooring: Fibrelam panels

1.2.2. Space & Defence Applications

In Fuselage Panel Sections: Epoxy carbon Prepregs. Non-
metallic honeycomb core and Redux adhesives, In Flying
Control Surfaces: Epoxy carbon and glass Prepregs.
Honeycomb core material and Redux adhesives, In Satellites,
Solar Panels : Epoxy carbon prepregs, aluminum honeycomb,
film adhesive , Reflectors Antennae : Epoxy/aramid prepreg,
cyanate carbon prepreg, aramid/aluminum honeycomb,
Satellite Structures : Carbon prepreg, aluminum honeycomb,
film adhesive, As Energy Absorbers, Driver Protection: Pre-
crushed metallic honeycomb assemblies and carbon prepregs,
As Ceiling panels: Molded with prepreg or honeycomb
sandwich, As Upper Deck and Lower Flooring: Molded with
prepreg or honeycomb sandwich, As Connecting Archway:
Molded component with honeycomb and prepreg materials,
As External Doors: Bonded honeycomb sandwich
construction.

The sandwich structures are used not only directly in
automobiles but also indirectly as crash test barriers due to
their high shock absorbance capacity such as A-Pillar, Front
Side Rail, Other Side Rail, Front Header, B-Pillar, Rear
Header, Rearmost Pillar, Upper Roof

II. METHOD OF APPROACH
2.1 Experimental Analysis
2.1.1. Tensile test carried out on sandwich honeycomb

structure specimen with the following specifications:

Most sandwich constructions are loaded in tension
perpendicular to the panel, which is through the thickness
direction of the foam. This limits the number of tests
standards to be used since the core thickness is typical.
Tensile strength is calculated at maximum load, which
normally occurs when the specimen breaks. Displacement, or
strain, is measured by direct measurement on the specimen
with an extensometer. Tensile modulus is calculated from the
steepest part of the load-displacement curve in the elastic

region.

SPECIMEN SPECIFICATIONS:

Length - 160 mm
Width - 12.5 mm
Thickness -

0.60 mm

Fig.2.1.Tensile test specimen
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Fig.2.2. Specimen in the tensile test machine
2.1.2. Bending test carried out on sandwich honeycomb
structure specimen with the following specifications:
Bending-testing sandwich panels, when testing solid
laminates the support and loading cylinders usually have
relatively small diameters. As discussed above, sandwich
specimens are typically supported and loaded as wide flat
plates. While the ASTM standards permit to use the steel
cylinders, it is noted that there is a greater risk of local
specimen crushing because of the more concentrated loading
induced by a cylinder.
SPECIMEN SPECIFICATIONS:
Length — 100 mm
Width — 25 mm
Thickness - 0.60 mm

Fig.2.5. Specimen after bending test
2.1.3 Impact test carried out on sandwich honeycomb
structure specimen with the following specifications:

Impact energy is described as the amount of energy required
to fracture a material subject to a shock loading. Charpy,
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1zod, and drop weight impact tests are generally used to get
impact energy of a material. For a free-falling impactor case,
the basic principle is that initial potential energy will be
converted to maximum kinetic energy when the impactor
collides into a target. This kinetic energy is converted to
impact energy when a material is fractured. If there is an
initial kinetic energy, impact energy is defined as potential
energy and kinetic energy, ignoring friction and sound
energies produced by the impact. In the following impact
simulations to compare impact energies, the potential

energy of the impactor is ignored due to the very short
distance between the impactor and the target structure.
Therefore, the impact energy is assumed to be calculated only
from the kinetic energy.

SPECIMEN SPECIFICATIONS:

Length - 63.5 mm

Width - 12.7 mm

Thickness - 0.60 mm

' Fig.2.7. Specimens after impact test

II1. Results and Discussions
3.1 Experimental Observations from Tensile,

Bending and Impact Tests:
Table: 3.1 Tensile test results for G.I sheet

5. NO. Cell height (mm) Maximum load (KN)
1 3 33
2z & 4.03
3 7 33
4 3 52

Table: 3.2 Tensile test results for aluminium sheet

5 NO. Cell height (mm) Maximum load (EN)
1 3 24
2 6 28
3 7 20
4 g 17

Table: 3.3 bending test results for G.I sheet
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5. NO. Cell height (mm) Maximum load (KN)
1 3 i3
2 ] 5.75
k] 7 6.3
4 3 30
Table: 3.4 bending test results for aluminium sheet
S.NO. Cell height (mm) Maximum load (KN)
1 3 33
2 [ 26
3 ] 246
4 8 2
Table: 3.5 Impact test results for G.I sheet
5 NO. Cell height (mm) Impact load (Joules)
1 5 ]
2 [ &
3 ] L]
4 8 L]
Table: 3.6 Impact test results for aluminium sheet
8 NO. Cell height {mm) Impact load (Joules)
1 3 4
2 6 4
K] 7 [
4 ] 6
Tensile - GI sheet
6
- 3,5.2
4 6,4.03
é 733
T 2
=
20
g 0o 1 2 3 4 5 6 7 8 9
=) :
Cell height (mm)
Plot: 3.1 Variation of Ultimate Load With Respect To Cell Height for GI
Sheet

In the graph we observe that the ultimate load goes on
increasing up to 7mm height of cell, but the load decreases
for 8mm height

Tensile - Aluminium
4
G 3 6,2.9
s, 5,2.
2 8,1.7
S 1
D
= 0
£ 0o 1 2 3 4 5 6 7 8 9
- Cell height (mm)

Plot: 3.2 Variation of Ultimate Load With Respect to Cell Height
for Aluminum Sheet

The above graph shows that the load increases up to 6 mm
height of the cell but the load decreases for the 7 mm and 8
mm height of the cell.
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Bending - GI sheet

- 10

R S Eacast
EL o0 1 2 3 4 5 6 7 8 9
5 Cell height (mm)

Plot: 3.3 Variation of Ultimate Load With Respect to Cell Height for GI
Sheet

From the graph the ultimate load increases up to 7 mm height

of cell but it decreases for 8mm height

Bending - Aluminium
_4
= 24
T2 8
2
3 1
go
£ 0 1 2 3 4 5 6 7 8
Cell height (mm)

Plot: 3.4 Variation of Ultimate Load With Respect to Cell Height
for Aluminum Sheet

The above graph shows that the load decreases gradually

when the height of the cell increases.

, Impact ; 1 sheef 4 ¢

= *—0—0—0
]
S v
g p—
g3
=
L

0 1 2 3 4 5 6 7 8 9

Cell height (mm)
Plot: 3.5 Variation of Ultimate Load With Respect to Cell Height for GI
Sheet

From the above graph it shows that the impact load is
constant even when the height of the cell varies.

Tensile comparison
6
g '{5/""7"-58, 5.2
4 6,4
ot S5, 2.9
=
g 2 5, 2.%, 7,2 8’ 1 7
20
g 0 1 2 3 4 5 6 7 8 9
5 Cell height(mm)

The above graph shows that the variation of Ultimate load in
tensile test for different face plate materials.
3.2 Comparison between Bending Plots:

Bending comparison
7
"\6 ,6.5
g : 6.5Ry" s
23 §3
g3 3, 2.6,2.4 5
o1
=0
E 0 1 2 3 4 5 6 7 8 9
=)
Cell height (mm)

It shows that the variation of ultimate load in bending test for
different types of face plate materials.
3.3 Comparison between Impact test plots:

Impact comparision
5,6 6,6 7,6 8,6

2 —o— —
S 716816
= 5,4 6,4

2

g 0 1 2 3 4 5 6 7 8 9
E Cell height (mm)

Impact - Aluminium

3 ] PCRTY:

S~ E) ’

S ‘»

=2

ST 0 1 2 3 4 5 6 7 8 9
)

£ Cell height (mm)

L]

Plot: 3.6 Variation of Ultimate Load With Respect to Cell Height for
Aluminium Sheet

It is observe that the Impact load is constant for 5 and 6mm
height of cell but the load increases and is constant for 7 and
8mm height of cell.
4. Comparative Plots between Various Test Carried Out
on Specimens Made of Al/Balsa/Al and GI/Balsa/GI
Sandwich Honeycomb Structures

3.1 Comparison between Tensile Plots:
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The above graph shows that the variation of impact loads for
GI material and Aluminum material.

CONCLUSIONS

From the experimentation analysis carried out on various
testing’s for specimen modelled using sandwich honeycomb
structure with Aluminium/Balsa wood/ Aluminium and
Galvanized Iron/ Balsa wood/Galvanized Iron face plates and
core structures respectively; the following conclusions have
been made:

1. When tensile test carried out on specimen made of GI as
faceplates and Balsa wood as core structure the ultimate
tensile strength increases as cell height of the core increases
from (5/6/7) mm. 7 mm core cell height is observed as
optimum, later the strength decreases with increases in
height. Maximum load for specimen rupture is noted as 5.5
KN whereas for specimen made of Al as face plates and Balsa
wood as core structure, the maximum load for specimen
rupture is noted as 2.9 KN. Hence it is observed that
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GI/Balsa/GI sandwich structure attains more tensile strength
than Al/Balsa/Al sandwich structure.

2. When bending test carried out on specimen made of GI as
faceplates and Balsa wood as core structure the ultimate
bending strength increases as cell height of the core increases
from (5/6/7) mm. 7 mm core cell height is observed as
optimum, later the strength decreases with increases in
height. Maximum load for specimen rupture is noted as 6.5
KN whereas for specimen made of Al as face plates and Balsa
wood as core structure, the maximum load for specimen
rupture is noted as 3.3 KN. Hence it is observed that
Gl/Balsa/GI sandwich structure attains more bending
strength than Al/Balsa/Al sandwich structure.

3. When impact test carried out on specimen made of GI as
faceplates and Balsa wood as core structure the ultimate
impact strength is constant as cell height of the core increases
from (5/6/7/8) mm. Maximum load for specimen rupture is
noted as 6] whereas for specimen made of Al as face plates
and Balsa wood as core structure, the maximum load for
specimen rupture is noted as 6J for 7 and 8mm cell height,
and 4J for 5 and 6mm cell height . Hence it is observed that
Gl/Balsa/GI sandwich structure attains more impact strength
than Al/Balsa/Al sandwich structure.
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ABSTRACT: Swiveling vise is modification of regular bench
vise, in regular bench vise the work piece can held only at
standard position and the bench vise also does not have the
feature of rotating, but in swiveling vise we can rotate the work
piece. Now a days Prototyping or model making is one of the
important steps to finalize a product design. Traditional 3D
printing is commonly referred to as layered manufacturing or
solid free form fabrication. It is used for the physical modelling
of a new product design directly from computer aided design
(CAD) data without the use of any special tooling or significant
process engineering. This rapid procedure reduces the lead time
required to produce a prototype of a product by eliminating
much or all of the process engineering time and tooling
requirements. It helps in conceptualization of a design.
Designing a rigid, flexible, cost effective and highly durable vise
is need of today’s era. Safety should also be taken into
consideration while designing the vise. This project is related to
design and manufacturing of Swiveling vise by 3D printing
process. Swiveling vise is designed in CATIA software and
manufactured by using ULTIMAKER machine. Time taken to
print swiveling vise is 74 hours 45 minutes and material
consumed is 360 grams.

I INTRODUCTION
Additive Manufacturing is the formalized term for what used
to be called Rapid Prototyping and what is popularly called
3D Printing. The term Rapid Prototyping (or RP) is used in a
variety of industries to describe a process for rapidly creating
a system or part representation before final release or
commercialization. In other words, the emphasis is on
creating something quickly, and that the output is a prototype
or basis model from which further models and eventually the
final product will be derived. Management consultants and
software engineers both also use the term Rapid Prototyping
to describe a process of developing business and software
solutions in a piecewise fashion that allows clients and other
stakeholders to test ideas and provide feedback during the
development process. In a product development context, the
term Rapid Prototyping was used widely to describe
technologies which created physical prototypes directly from
digital model data. This text is about these latter technologies,
first developed for prototyping but now used for many more
purposes.
HISTORY OF 3D PRINTING TECHNOLOGY
In 1983 Charles W. Hulk (Chuck Hull) invented
stereolithography or 3D printing that year he created the first-
ever 3D printed part. Hull coined the term stereolithography
in his August 8, 1984 patent application for “Apparatus for
production of three-dimensional objects by
stereolithography” U.S. patent US4575330 A was granted on
March 11, 1986. Hull defined stereolithography as a method
and apparatus for making solid objects by successively
printing thin layers of the ultraviolet curable material one on
top of the other. It became widely used in Rapid prototyping
and direct manufacturing.
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Throughout the 1990’s and early 2000’s a host of new
technologies continued to be introduced, still focused wholly
on industrial applications and while they were still largely
processes for prototyping applications, R&D was also being
conducted by the more advanced technology providers for
specific tooling, casting and direct manufacturing
applications. This saw the emergence of new terminology,
namely Rapid Tooling (RT), Rapid Casting and Rapid
Manufacturing (RM) respectively.

During the mid-nineties the sector started to show signs of
distinct diversification with two specific areas of emphasis
that are much more clearly defined today. First, there was the
high end of 3D printing, still very expensive systems, which
were geared towards part production for high value, highly
engineered, complex parts. This is still ongoing and growing
but the results are only now really starting to become visible
in production applications across the aerospace, automotive,
medical and fine jewellery sectors, as years of R&D and
qualification are now paying off.

3D PRINTING TECHNOLOGY NOWADAYS

The starting point for any 3Dprinting process is a 3D digital
model, which can be created using a variety of 3D software
programmers in industry this is 3D CAD, for Makers and
Consumers there are simpler, more accessible programmers
available or scanned with a 3D scanner.

Applications of 3-D printing Now a Days

* Automobiles ¢ Jewelry ¢ Spare & Replacements Parts ¢
Aerospace ¢ Glasses and Eyewear ¢ Shoes ¢ Proto type ¢
Dentistry

* Surgery ¢ Prosthetics * Construction

Working process of Fused Deposition Modelling

1. Heat the nozzle until it reaches the desired temperature.
The filament will be fed to the extrusion head and then it will
be melts in the nozzle.

2. The extrusion head can move in the X, Y and Z directions.
The extrusion head extrudes melted material in very thin
strands .The material is deposited layer-by-layer on the
platform, and then will be cool and solid.

3. When one layer is finished, the build platform will move
down (on some machines, the extrusion head moves up) and
a new layer will be deposited. This process repeats until the
part is completed.

Characteristics of Fused Deposition Modelling

1. Printer Parameters. 2. Warping 3. Layer Adhesion 4.
Support Structure 5. Infill & Shell Thickness 6. Common
FDM Materials 7. Post Processing 8. Benefits & Limitations
of FDM
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3D PRINTING MATERIALS

The materials available for 3D printing have come a long way
since the early days of the technology. There is now a wide
variety of different material types that are supplied in
different states (powder, filament, pellets, granules, resin
etc). Specific materials are now generally developed for
specific platforms performing dedicated applications (an
example would be the dental sector) with material properties
that more precisely suit the application

However, there are now way too many proprietary materials
from the many different 3D printer vendors to cover them all
here. Instead, this article will look at the most popular types
of material in a more generic way. And also a couple of
materials that stand out.

ABS material’s desired properties:

* Impact Resistance ¢ Structural Strength and Stiffness °
Chemical Resistance * Excellent High and Low Temperature
Performance ¢« Great Electrical Insulation Properties * Easy to
Paint and Glue

ABS plastic attains these physical attributes through the
initial creation process. By polymerizing styrene and
acrylonitrile in the presence of polybutadiene, chemical
“chains” attract each other and bind together to make ABS
stronger. This combination of materials and plastics provides
ABS with superior hardness, gloss, toughness and resistance
properties, greater than that of pure polystyrene

Advantages:

» Excellent impact, chemical and abrasion resistance
Superior stiffness and strength * Easily machined and
thermoformed * Easy to paint and glue * Good dimensional
stability ¢ Excellent electrical properties ABS plastic is
advantageous in a wide variety of industries; however, certain
physical limitations restrict the materials use in certain
products and applications.

Disadvantages:

» Weather ability (damaged by sunlight) * Solvent Resistance
» Hazardous When Burned ¢ Limited Uses in Association
with Food Industry ¢ Higher Price than Polystyrene or
Polyethylene.

MODELLING OF A 3D PRINTED SWIVELLING VISE
CATIA V5

CATIA stands for Computer Aided Three-Dimensional
Interactive Application. It was developed by Dassault
Systems, France. It is a complete re-engineered, next
generation family of CAD/CAM/CAE software solution for
PLM (Product Lifecycle Management). CATIA V5 delivers
innovative technologies for maximum productivity and
creativity. It allows the flexibility of using feature based
design and parametric design

INDUSTRIES USING CATIA

> Automobile.

> Defence

> Ship building.

> Aerospace.

Companieslike General Motors, TATA, Hyundai, Ford,

Samsung, Ashok Leyland, Maruti, Honda, L & T, Wipro,
IBM, Mabhindra, Eicher etc. are using CATIA for designing

purpose.
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WORKBENCHES IN CATIA VS:
> Sketcher.

> Part Modelling.

> Assembly.

> Wire frame and surface design.
> Drafting. *

CURA SOFTWARE

CURA 3D

Cura is an open source slicing application for 3D printers. It
was created by David Braam who was later employed by
Ultimaker, a 3D printer manufacturing company, to maintain
the software. Cura is available under LGPL license. Cura was
initially released under the open source Affero General
Public License version 3, but on 28 September 2017 the
license was changed to v3. This change allowed for more
integration with third-party CAD applications. Development
is hosted on Ultimaker Cura is used by over one million users
worldwide and handles 1.4 million print jobs per week. It is
the preferred 3D printing software for Ultimaker 3D printers,
but it can be used with other printers as well.

Z- SEAM ALIGNMENT CHOICES

There are four choices for the Z-Seam Alignment setting:
Shortest, User Specified, Sharpest Corner and Random.
Shortest is Cura’s default value. When selected, the Cura
slicer software instructs the printer to start printing a new
layer from the endpoint of the previous layer. This often leads
to a visible seam, so this choice should usually be avoided.
User Specified lets you specify where exactly on the model
surface you want the Z-Seam to appear. When selected, two
more settings become available — Z-Seam X and Z-Seam Y.
These Cura settings correspond to the X-Y coordinates of the
Z-Seam. Sharpest Corner instructs the printer to start printing
each layer from the sharpest corner on the model surface. A
corner, by virtue of being sharp, can cover up a Z-Seam in
many cases. However if your model does not have sharp
corners, then this option is not too useful. Setting Z Seam
Alignment to Random will start each layer at a random
position. This will eliminate the seam completely, but will
also lengthen the print time as the print head will require
additional time to move to a new position between each layer

THREE STAGES OF 3D PRINTING
There are three basic stages to preparing files for 3D printing.

MODELING:

This is carried out in any 3D modelling application such as
Tinker cad or Sketch Up, which are just two of many example
applications. These applications have their own file format
and these enable you to open, edit, save, and export those 3D
printer files from the application.

3D FILE EXPORT:

Once you have created your model, it then needs to be
exported as either an STL, OBJ, or 3MF file. These are the
file formats that are recognized by Cura. They differ from the
file formats that are native to the 3D modeling applications
as they just hold the final geometry and not the individual
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primitives and editable content. Still, you can change the size
of the 3D model, but not the geometry.

SLICING FILE EXPORT:

The STL or OBJ file can then be imported into the Cura
software where it is sliced and output as G-Code. This G-
Code is just a text document (in essence) with a list of
commands for the 3D printer to read and follow such as hot-
end temperature, move to the left this much, right that much
etc.

ADDING A 3D PRINTER MODEL TO CURA

Once you have set up Cura for your printer, it’s time to import
a model into the Cura software. To import a model, you can
either click on the floating folder icon on the left or select File
> Open File(s) from the top menu. Select an STL, OBJ, or
3MF file from your computer and Cura will import it.

ow =

Recommended print settings by software

GENERATE A G-CODE FILE WITH CURA:

The model is now print-ready and all you need to do is to
export the file from Cura to either an SD card or send it
directly to the printer. Cura will now handle everything
converting the 3D STL or OBJ into the G-code file required
by the printer.

Save the 3D print file: Click either Save to file, Save to SD
or Send to Printer button on the bottom right of the window.
Estimate of time for 3D print: Cura will give you a rough
estimate on the length oftime it will take for your printer to
print the piece.

Start the 3D print: If tethered, sit back and wait for the printer
to fire up and start printing. If you save to SD, then eject the
SD card from your computer and transfer toyour printer.
Select print, select the file, and go.

THE Z-SEAM ALIGNMENT SETTING

These can prevent a prominent Z-Seam on the 3D model
surface. Sometimes, the printer will leave a mark on the
model surface at the start of each layer. When these marks all
align, the 3D model will have a prominent spurious line on
its outer wall. This line is called a Z- Seam. The Z-Seam
Alignment setting lets you choose where in the 3D model
surface this line appears or lets you get rid of the line
altogether.

COMPONENTS PRINTED USING 3D PRINTER
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Total time taken for this print is 74 hours 45 minutes and the
material consumed by the printer for this project is 360
grams. In cura software, arrangement of components were
done in the effective way to reduce the time and material
wastage.

ASSEMBLY OF A 3D PRINTING COMPONENTS

CONCLUSION

With the help of CATIA, design of Swivelling vise is
developed including few sub- assemblies and fabrication of
remaining parts components is completed by using 3D
printing machine. 3D printing technology is the most
advanced manufacturing process which is trending now a day
which help in printing component at high speed and reduces
production cost.
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Abstract— A flywheel is an energy storage device that is
capable of storing kinetic energy in a spinning mass, and the
energy stored is directly proportional to the square of the wheel
speed and rotor’s mass moment of inertia. Flywheels continue
to be used in all reciprocating engines and in all machines that
require very high power for a small part of their working cycles.
3D Printing is a novel method of manufacturing parts directly
from digital model by using layer by layer material build-up
approach. II3D printing is called as desktop fabrication. It is
process of prototyping where by a structure is synthesizes from
a 3D model. 3D printing process is derived from inject desktop
printer in which multiple deposit jets and the printing material
layer by layer derived from the CAD 3D data. Generation of G-
Codes and estimating time is done by using Cura Ultimate S5.
Acrylonitrile Butadiene Styrene (ABS) material is used for
fabrication. This project deals with the study of additive
manufacturing, Cura software and Polymer, Acrylonitrile
Butadiene Styrene (ABS) material is used as a 3D printing
material. Finger Flywheel 3D printing time is 28 hours 5
minutes and volume of material consumed is 124.3 grams.

Keywords—Flywheel, 3D Printing, Infill Density and shape.

1. INTRODUCTION

In the 1980s, 3D printing techniques were considered
suitable only for the production of functional or aesthetic
prototypes, and a more appropriate term for it at the time was
rapid prototyping As of 2019, the precision, repeatability, and
material range of 3D printing have increased to the point that
some 3D printing processes are considered viable as an
industrial- production technology. Product customization has
been a challenge for manufacturers due to the high costs of
producing custom-tailored products for end-users. On the
other hand, AM is able to 3D print small quantities of
customized products with relatively bw costs. This is
specifically useful in the biomedical field, whereby unique
patient-customized products are typically required.
Customized functional products are currently becoming the
trend in 3D printing as predicted by Wohler’s Associates, who
envisioned that about 50% of 3D printing will revolvearound
the manufacturing of commercial products in 2021.

Over the last 5 years, significant development has
occurred in 3D printing. All over the world people are
designing and printing new devices like human upper limbs,
toys, mechanical parts and Mechanisms. Scientific papers
have been published regarding research in 3D Printing
Components and people are printing their own images and
components and large communities have established for the
global community. Digital fabrication technology, also
referred to as 3D printing or additive manufacturing, creates
physical objects from a geometrical representation by
successive addition of materials. 3D printing technology is a
fast-emerging technology. Nowadays, 3D Printing is widely
used in the world. 3D printing technology increasingly used
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for the mass customization, production of any types of open
source designs in the field of agriculture, in healthcare,
automotive industry, locomotive industry and aviation
industries. 3D printing technology can print an object layer
by layer deposition of material directly from a CAD model
[1]. Numerous opportunities provided by this emerging
technology as well as the risks and challenges related to it [2].
The basic concepts of flywheel energy storage systems are
described in the first part of a two part paper. General
equations for the charging and discharging characteristics of
flywheel systems are developed and energy density formulas
for flywheel rotors [3]. This is research paper on the 3D-
printer in which reader introduced basic components
operation materials used for making objects and applications.
Now a day we are growing every day and every second. We
adopt new technology with new invention and create new
invention and create new things for enjoys life very easily.
There are lots of new technologies we adopted in our daily life.
In this technology one of them is 3D-printer. This is one of
innovation on this we can make many objects [4]. The
applications of 3D printing are ever increasing and it’s proving
to be a very exciting technology to look out for. In this paper
we seek to explore how it works and the current and future
applications of 3D printing [5].

From the Literature review many researchers are
studied on the Geneva Mechanism properties. This is an
attempt of analyze the mechanism properties manufactured
by the 3D Printer. In this work Ultimaker s5 Pro bundle 3D
printer and the ABS material is used.

Table 01: ABS Material properties

Properties Metric units
Yield Strength 1.85e7 - 5.1e7 pa
. 2.76e7 -
Tensile strength 55007 pa
Elongation 0.015-1 % strain
Hardness (Vickers) | 5.49¢7 - 1.5e8 pa
1.19¢6 - N
Fracture Toughness 49906 Pa/m™0.5
Young’s Modulus 1.19¢9 - 2.9¢9 pa
Max Service 61.9-76.9 °C
Temperature
Specific Heat 11'39926 33_ J/kg °C
Capability 7e
Thermal Expansion 8.46¢-5 - strain/°C
. 2.34e-4
Coefficient
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I1. EXPERIMENTAL WORK

Material used for this project work is ABS, short for
Acrylonitrile Butadiene Styrene, is an oil-based plastic. It is
a strong, sturdy material that businesses widely used for
constructing things such as plastic car parts, musical
instruments, and the ever-popular Lego building blocks.
ABS has a high melting point, and can experience warping
if cooled while printing. Because of this, ABS objects must
be printed on a heated surface. ABS also requires ventilation
when in use, as the fumes can be unpleasant. The material
desired properties are:

e Impact resistance

e  Structural strength & Stiffness

e  Chemical Resistance

e Excellent high and
performance.

e  Great electrical insulation properties

e Easy to pain and glue

ABS plastic attains these physical attributes
through the initial creation process. By polymerizing styrene
and acrylonitrile in the presence of polybutadiene, chemical
“chains” attract each other and bind together to make ABS
stronger. This combination of materials and plastics provides
ABS with superior hardness, gloss, toughness and resistance
properties, greater than that of pure polystyrene.

low temperature

II1. METHODOLOGY

Step 1: Initially the components to be prepares are drawn
using FUSION 360 software by using sketcher tool.

Step 2: Once the component is drawn as per required
dimensions then the file is saved as STL file in FUSION
360software

Step 3: After completion of above procedure, STL file is
loaded into cura software.

Step 4: Once the STL file is loaded, required parameters are
set in cura software that is material used, layer thickness,
infill density, infill shapes, fan speed, nozzle temperature,
bed temperature, extrusion temperature, supports required all
are selected and modified as per the requirement.

Step 5: After selection of the above parameters slicing is
done by using slice option.

Step 6: Once slicing is done STL file is converted into G
codes which is readable by 3D printer.

Step 7: G-code file is loaded in 3d printer by using pen drive
and printing is done.

Step 8: Assembly of Printed Components.

For this research work ultimaker s5 pro bundle is
used for to print the mechanism and analyzing the various
print parameters. This is an attempt to establish the optimal
properties for printing the objects using 3D printing
technique. In this machine mainly three parts are present. Air
Manager, Ultimaker s5 printer and material station. This
printer has a variable nozzle diameters.

Iv. MODELING OF GENEVA MECHANISM

Fusion 360 is an advanced software for shape
designing, Styling, surface workflow, modeling and
Simulation.

This Fusion 360 is used in many companies like
Tata motors, Hyundai, Ford, Honda, Suzuki, Samsung etc...
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Figure 1: Flywheel Rotating Wheel

Figure 2: Base

The crank is designed in a Fusion 360 and saved in .prt
file and converted this file to .stl file for preprocessing in
ultimaker 3D printer software cura to analyze the properties
like print time, material consumption and where supports are
needed to print the components with accuracy. After
completion of the preprocess convert this file into G codes
and transferred to the printer.

Figure 3: crank shaft
Same like above steps are followed and convert this
body parts into G codes and saved in .ufp format after
transferred into 3D printer.

Figure 4: Supports
Same like above steps are followed and convert this body
parts into G codes and saved in .ufp format after transferred
into 3D printer.

V.PREPROCESSING THE COMPONENTS IN CURA

Cura 3D is slicing software for 3D printers. It takes
a 3D model and slices it into layers to create a file known as
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G-Code, which is the code that a 3D printer understands.
Cura slices 3D models. It translates the 3D STL, OBJ or 3MF
file into a format that the printer can understand. Fused
filament fabrication (FFF) 3D printers print one layer upon
another to build up the 3D object. Cura 3D takes the 3D
model and works out how those layers are placed on the print
bed and creates a set of instructions for the printer to follow
layer on layer. Cura generates instructions for your 3D
printer. They are called G-Code, a text document that ends
with the file extension .ufp. Open the file and you’ll actually
be able to read through quite a bit of the code and understand
what it’s telling the printer to do.

Here’s a small snippet:

Figure 5: sample G codes

As you become more adept at 3D printing you can go into
this code and adjust fan speeds, layer heights and hot-end
temperatures at different points. This can be handy when you
need to troubleshoot some 3D print problems. As every
printer has a different setup, print area, build plate and nozzle
size, the slicing software needs to know these hardware
details in a printer profile. Once it has the required details,
you can then specify settings like layer height and thickness.
Ultimaker Cura software will calculate the path the print
head needs to take in order to print your model and produce
a list of instructions for the printer. These instructions are
saved in that G-Code file.

The G-Code be saved to an SD card or sent to the
printer over wireless or cable depending on the printer
directly from Ultimaker Cura software. There are many 3D
slicing programs available on the market, Ultimaker Cura
software is just one of many.

Ultimaker cura provides so many features and one
is the infill pattersns. Infill patterns affects model strength,
material consumed and print time. By default, the Cura slicer
prints a grid-shaped infill, printing in one diagonal direction
per layer. This provides reasonable strength without eating
up too much material. It is also one of the fastest patterns in
terms of print time. Cura‘s standard infill pattern should be
fine for most common applications. In some special
applications though, the default pattern might not be best. In
such cases, Cura offers a range of infill patterns to choose
from.

Figure 6: Ultimaker Cura infill patterns

To change Cura infill pattern, enable the Infill Pattern hidden
setting and it will appear under the Infill section. You have a
choice of 13 different patterns. Some of the important
patterns are

e Grid: A grid-shaped infill, with lines in both
diagonal directions on each layer.

e Lines: Creates a grid-shaped infill, printing in one
diagonal direction per layer.

e Triangles: Creates a triangular shaped infill pattern.
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Cubic: A 3D infill of tilted cubes.

e Tetrahedral: A 3D infill of pyramid shapes.

e Concentric: The infill prints from the outside
towards the centre of the model. This way infill
lines won’t be visible through the walls of the print.

e Concentric 3D: The infill prints from the outside
towards the centre of the model, with an incline
over the entire print.

e Zig Zag: A grid-shaped infill, printing continuously
in one diagonal direction.
Necessity of a control the speed of the machine. If machine
speed increases it decreases the printing time but it decreases
the quality of the print. For the above reason need to control
the speed up to 40 to 60 mm/s gives good quality results.

288888
§88848

10 mm/s  15mm/s 30 mm/s 60 mm/s : 90 mm/s 120 mm/s

S50%6

1296

3 0%

Figure 7: the quality effects by the print speed

Fast [t ormal Fine Extra Fine
(Quality 0.2 mrm 10.15mm 0.1 mm 10.06mm
Wall Thickmess 1 mm 1.3 mm 1.3 mm 1.3 mm
Top Layer 1] b 12 20
EBottom Laver ] 11 20
[nfill Density [20% [20% 20% [20%
Infill Pattern [Trizngles [Trizngles Trizngles [Trizngles
Print Speed 50 mm's 60 mm's 5 5mm's |50 mm's
Estimated Tmme ¥ jor 31 min 15 g 5 min ldayIhey |l day 19 s
hiaterizl nge 1B3g 93g [ig
Consumprion i
Mormal [t ormal Maormal Marmal
(Quality .16 10.17 0.18 0.1
Wall Thickness 1.3 1.3 mm 1.3 mm 1.3 mm
Top Layer 2 2 ] 2
Eottom Laver 2 H] ] 2
Infill Density [20% [20%: 20% [20%
Infill Pattern [Trizngles [Triangles Trizngles [Trizngles
Frint Zpeed 50 mm'z 160 mm's 60 mm'z 150 mm's
& S ¥ £, 1 ¥ 2 1

Estimated Time 14 by 27 min 13hr 55min 12hr 54min 12hr 26min
Miaterizl [BTe 93g [z

; il i i i
Consumption

Table 2: Analyzed Ultimaker Cura parameters
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After analysing the all parameters, normal with 0.15 mm
layer thickness with supports and infill density 20% was
selected. Because of it gives good strength and gives
optimum values.

VI PRINTING OF OBJECTS USING 3D
PRINTER

Step 1: Once the modelling is done then STL file is loaded
into cura software and slicing is done. After completion of
the above process the G code file loaded in to 3D printer by
using SD card or Pen drive.

Step 2: In order to print the component filament is loaded
into the machine

Step 3: Initially bed is prepared by cleaning it with alcohol
based solvent.

Step 4: After cleaning bed is preheated to 85°C temperature.

Step 5: Before printing the component, glue stick is applied
because of avoiding the warping

Step 6: Once the above procedure is done select the G code
file from the SD card by using select option.

Step 7: Each and every parameter setting is visible on the
machine screen. Check for any errors and parameters and do
modifications if necessary.

Step 8: After checking the parameters printing is started by
giving start option in the machine.

Step 9: After completion of the component wait for at least
30 minutes in order to remove the component from the
machine bed.

Step 10: Post processing is done to the components by
removing of excess material and component supports.

Figure 9: Components while 3D Printing
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Figure 10: Finished Product

CONCLUSION

The world is forever changing with the help of 3D
printing. The use of 3D printing for medicinal purposes today
is beyond astonishing but what the future holds is unknown,
however It is certain that additive layer manufacturing will be
a large corporate in solving our problems. 3D printing really
is limitless and only the surface has been scratched, there is
still much more to be uncovered. As shown in throughout the
web page. 3D printing bones is still new and continuously
improving and adjusting but it has already enhanced the life
of many patients around the world and more specificallyin
Australia. It is evident that the more funding and research put
into 3D printing, the further 3D printing will take us. 3D is
forever unpredictable. With the help of CATIA, design of
actuator is developed including few sub-assemblies and
fabrication of linear actuator components is completed by
using 3D printing machine. 3D printing technology is the
most advanced manufacturing process which is trending now
a day which help in printing component at high speed and
reduces production cost.

In this project work, design is done by using CATIA
software and then file is transformed to STL format which is
used for production of the component in 3D printing machine.
CURA software is used for slicing of the component in
CATIA and it also helps in adjustment of dimensions,
solidification time, material selection, printing speed and
printing time. In this project ABS material is used for the
production of the component in 3D printing machine
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Abstract—Arising out of civil conflict, disease, birth defects,
traumatic accidents, many people in developing countries lack
hands or fingers. Prosthetic hands can help give these people a
sense of agency and increased ability to perform everyday tasks.
Unfortunately, many prostheses are prohibitively expensive and
often require frequent maintenance and repair. Therefore, they
are financially and geographically inaccessible to most people
living in developing countries. A 3D printed, open-source hand is
one possible solution owing to its low cost and potential for
customization. However, the hand must be appropriate for the
environmental conditions and lifestyles found in developing
countries. To characterize the functionality of the 3D printed
hand, a series of daily task and object tests were carried out.
While the prosthesis was able to successfully complete a number
of tasks, it had difficulty with those that required intricate
movements and with heavy objects.

Keywords—3D Printer, Cura Software, Prosthetic Hand, Ultimaker
Cura Machine, Abs Material

L INTRODUCTION

The World Health Organization estimates that 650 million people
worldwide have a physical disability. Of those, 80% live in
low-income countries where only 1-2% of the disabled
population have access to rehabilitative services [1]. In the
developing world, a portion of the disabled population are
upper limb amputees due to war, disease, or traumatic injury,
or are otherwise missing hands or fingers due to birth defects.
As the majority of jobs in these low-resource settings require
manual labour, many upper limb amputees are at a severe
economic disadvantage because they are unable to work. They
may also face social stigma due to their condition.

Many of these people could benefit from a prosthetic device,
which can aid in daily tasks and provide psychological
benefits. However, most of the prosthetic hands on the market
are too expensive, complex, and inaccessible for people living
in low-resource settings. They typically cost hundreds or even
thousands of dollars and often require maintenance and repair,
which can be an unreasonable burden for persons living in
rural areas who must invest significant time and money to
travel to the nearest technician or health professional.

Prosthesis function should be easy and intuitive as well as
appropriate for the daily tasks a user must perform. Size and
weight are important physical characteristics that must be
considered for both comfort and ease of use. The Prosthetic
hybrid Hand is designed to help those with missing fingers or
conditions such as Dupuytren's Contracture. It is wrist
powered and requires that the wearer have enough palm to
push against the device. It converts the rotation of the wrist
into a linear sliding motion to activate the end gripper. When
the wrist is bent down the slider pulls back, closing the hand.
When the

wrist is straightened the slider pushes forward and the hand
opens. The Gripper heads are removable so that the user can

change them and reconfigure the device to suit their needs. I
have created 2 Claw types, Tri-Claw (for picking up or
catching objects) and Two-claw (for open shut grasping of
objects). New claw or manipulator types can be attached with
2 screws on the hand piece. Within these you can add any
flavor of gripper suitable. I have added a few grippers as extras
for people to try. I recommend that you start with the Simple
Claw to get the feel of the device before printing the other
variants.

The multi-joint finger requires the user to tune the fingers.
There is a sequence of loose and tight bolts that needs to be
determined to allow
for the correct articulation of the fingers when opening and
closing. I recommend first using simple or pincer claws first as
the multi-joint fingers take some tuning to get working
correctly.

One emerging technology that has potential for low resource
settings is open-source, 3D printed prostheses. Many of these
designs are body-powered, low-cost, customizable, and easy to
assemble. 3D printing, or additive manufacturing, involves a
three-dimensional computer model that is input into a 3D
printer, which lays down layer upon layer of thermoplastic to
build the model. The organization e-NABLE has created
several open-source models of body-powered 3D printed
prosthetic hands. This report examines e-NABLE’s Raptor
Reloaded, which is designed for users with a residual palm.

A few simple measurements of the residual limb are taken to
determine the appropriate size and entered into the associated
CAD file to scale the device, which customizes it for each
specific user. The design can then be printed and assembled
into a functioning prosthesis. When the prosthesis is worn, a
simple forward bend of the wrist makes all of the digits bend
and creates a basic grasping motion, and unbending the wrist
lets the hand move back into the open position. Thermoplastics
are relatively inexpensive materials, as are the additional
components needed to assemble a Raptor Reloaded, so the low
cost is a significant benefit of the prosthesis to the low-income
user. The body-powered device, unlike an electrical device,
leads to simpler maintenance; therefore, specialized repair
skills and a reliable source of batteries or electricity are not
necessary. The straightforward manufacturing process, easy
fitting, and customizability of the device are also
characteristics beneficial to the low-resource setting. We
examine the performance characteristics of the 3D printed
prosthesis for further validation of the appropriateness of this
prosthesis for the developing world.

II. 3D PRINTING MATERIALS
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The materials available for 3D printing have come a long wayand its excessive weight. Similarly, participants using the
since the early days of the technology. There is now a widesmallest hand were unable to pick up the soup can because of
variety of different material types that are supplied indifferenthose same reasons. They also could not continue to hold the
states (powder, filament, pellets, granules, resin etc). Specificobject for an extended period of time due to the challenge of
materials are now generally developed for specific platformskeeping the wrist flexed as the participant lifted and carried the
performing dedicated applications (an example would be theobject. The prosthetic hand should be tested by holding different
dental sector) with material properties that more precisely suibbjects like water bottle, water glass, tiffin box which are our
the application. However, there are now way too manybasic needs and also its tested for cleaning the waste which are
proprietary materials from the many different 3Dprintemot touchable with our hand like removing waste bottles from
vendors to cover them all here. Instead, this article will look atwaste or from canals etc,

the most popular types of material in a more generic way. And gy
also, a couple of materials that stand out.

Table 1: Compares the main properties of PLA vs. ABS:

II1. USABILITY TESTS

To provide maximum benefit to the user, the prosthesis must

be user-friendly and functional in his or her daily life. Along
with the tests above that are applicable for assessing the daily
activities that can be completed by the prosthesis, the
following tests in Table are used to determine the range of
object shapes and sizes that the user is able to hold with the
prosthetic hand.

Table 2:

Smallest Hand Size Largest Hand Size

Object to Hold Total No Total Yes Percent Yes Total No Total Yes Percent Yes

Tennis Ball 3 17 85% 0 20 100%

Ping Pong Ball 0 20 100% 0 20 100%

Bottle of Water 4 16 80% 0 20 100%

Cup 0 2 100% 0 20 100%

Soup Can 20 0 0% 8 12 60%

The prosthetic hand was able to pick up several of the objects

Figure 2£testing by holding a glass

f—

\|

Properties ARBS FLA
Tensils Srenzth 27T MEa 3ThPa
Elangation 3.5-30% %
Fleural Modulus 21-T76GPa 4 GPa
Denchy pis o et Figure 1: Prosthetic Hybrid Hand
Melting Point /A (amorphous) 173 5C
Eiodsgradable No Yes, undar the correct
conditions
Glass Transition 105 °C 60 °C
Tamperztura

Table 2: observed readings for Prosthetic Hybrid Hand:

but only in a certain way. For all objects, the easiest and most Froperfies ABS FLA
applicable way was grabbing the object with the pointer finger Tensile Strength 27 MPs 3T MEs
and thumb. The contours prevented all fingers from wrapping Elaagation 3.3-30% kil
. . ) . Flexural Moduls 71-76 0GP X<

around the objects, causing the object to drop. Using the largest : .

. L. . N . Density 1.0-14gom” 13g/m
hand size, all participants were able to lift the tennis ball, ping — T =

. . . Melting Point /A (amorphous 73

pong'ball, bottle of water, and cup. Like the pouring motion Heai = P e
mentioned before, the bottle of water and cup could not be conditions
turned over to simulate drinking because the prosthetic hand was b iy Mg L

unable to effectively grasp the objects without dropping them.
When participants tried to simulate drinking, the weight of the
liquid would cause the bottom of the bottle or cup to shift away
from the hand’s palm, causing the object to fall out of the °
participant’s grasp. The soup can was able to be picked up by ®
some participants using the large hand, but once it was picked
up, it slipped out of the hand because of the cylindrical shape
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Iv. ASSEMBLY PROCEDURE
Slide the Tri-Claw-Slider into the Tri-Claw center hole.

Rotate the Tri-Claw-Slider so that the shaft hole is in the
orientation shown in the picture (this needs to align with the
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Tendon on the final assembly — in the same orientation as the
top claw bolt hole).
Insert the pinch-finger into the slot aligning the Tri-Claw and
slider. On the Pinch-Finger the SLOT must be aligned with the
Slider and the Hole must be aligned with the Tri-Claw. SLOT-
SLIDER & HOLE-TRI CLAW.Insert bolts though both holes
and cap with the nuts (Use the tool to tighten — Do not over
tighten). Repeat for all Pinch-fingers. Align the Tri-Claw Rail
holes with the Hand piece holes. Insert one bolt on each side
(the Hand piece has threaded holes so there is no need for nuts).
Align the Tendon Bolt hole with the Slider Bolt hole Insert a
bolt and cap with a Nut.

CONCLUSION
The world is forever changing with the help of 3D printing.
The use of 3D printing for medicinal purposes today is beyond
astonishing but what the future holds is unknown, however it
is certain that additive layer manufacturing will be a large
corporate in solving our problems. 3D printing really is
limitless and only the surface has been scratched, there is still
much more to be uncovered. As shown in throughout the web
page. 3D printing bones is still new and continuously
improving and adjusting but it has already enhanced the life of
many patients around the world and more specifically in
Australia. It is evident that the more funding and research put
into 3D printing, the further 3D printing will take us. 3D is
forever unpredictable.
With the help of CATIA, design of prosthetic right hand is
developed including few sub-assemblies and fabrication of
right-hand components lime fingers, pins palm is completed by
using 3D printing machine. 3D printing technology is the most
advanced manufacturing process which is trending now a day
which help in printing component at high speed and reduces
production cost.
In this project work, design is done by using CATIA software
and then file is transformed to STL format which is used for
production of the component in 3D printing machine. CURA
software is used for slicing of the component produced in
CATIA and it also helps in adjustment of dimensions,
solidification time, material selection, printing speed and
printing time. In this project ABS material is used for the
production of the component in 3D printing machine. The total
time was taken to print the prosthetic hand is 38 hours 3
minutes and components are successfully assembled.
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Abstract—Geneva mechanism is used as a mechanism for
transforming rotary motion into intermittent motion and is able
to achieve a precise movement and its lock, which makes it
usable in many areas, particularly in timing devices,
measurement  devices, feed mechanisms, positioning
mechanisms, pick-up and transport machinery, textile
machinery etc. from the literature review, many researchers on
focuses on the kinematic study and acceleration jump of the
Geneva mechanism. In this work, Design a Geneva Mechanism
using 360 and analysis of mechanism with change in 3D printing
properties like infill density, shapes. From the results it can be
concluded that infill density of 20% and infill shape Cuboid
gives an optimal time to producing Components in 3D Printer.
The total time taken by the printer to print mechanism was 11
hours 9 minutes.

Keywords—Geneva Mechanism, 3D Printing, Fusion 360, Infill
Density and shape.

L. INTRODUCTION
Over the last 5 years, significant development has occurred
in 3D printing. All over the world people are designing and
printing new devices like human upper limbs, toys,
mechanical parts and Mechanisms. Scientific papers have
been published regarding research in 3D Printing
Components and people are printing their own images and
components and large communities have established for the
global community. 3D printing is the one of the additive
manufacturing technique. A Geneva Mechanism were used
to design and fabrication of belt drive to supply the material
with in regular interval of time [1]. For both inner and outer
Geneva mechanism, the kinematics coefficient of the Geneva
mechanism is a stable if the groove number of the Geneva
wheel is a constant. The elliptic crank using as the drive crank
of the Geneva wheel is equal to the mechanism which has a
variable length and speed along the elliptical moving crank.
Therefore the kinematics coefficient of the Geneva
mechanism is able to be changed. In this paper the analysis
method of the combined Geneva mechanism is presented.
The combined Geneva mechanism is put forward based upon
the kinematics coefficients [2]. Kinematic study of a
mechanism incorporating a Geneva wheel and a gear train to
achieve intermittent motion. The goal of this mechanism is to
eradicate the acceleration jump at the beginning and end of
the Geneva wheel motion. An epitrochoidal path replace the
circular path for the driving pin in a classical Geneva wheel
drive. The epitrochoidal path is generate using a gear train
and results in zero velocity, acceleration, and jerk at the
beginning and end of the Geneva wheel motion. Presented a
comparison of the position, velocity, acceleration, and jerk
between the classical Geneva wheel mechanism and the
proposed mechanism. Subsequently, the motion of the
Geneva wheel is modified by introducing a non-circular gear
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pair to alter the timing of the epitrochoidal path [3]. P Kali
Sindhur designed a belt drive with the help of Geneva
mechanism is used for giving feed and gives smooth
operation and movement of the feed at required time interval.
The feed from Geneva drive was cut by using slotted lever
mechanism. It was designed using slider crank mechanism
[4]. Han Jiguang Yu Kang, for both inner and outer Geneva
mechanism, the kinematic coefficient of the Geneva
mechanism is a stable if the groove number of the Geneva
wheel is a constant. The elliptic crank using as the drive crank
of the Geneva wheel is equal to the mechanism which has a
variable length and speed along the elliptical moving crank
[5]. David B Dooner studied kinematic study of a mechanism
incorporating a Geneva wheel and a gear train to achieve
intermittent motion.The goal of this mechanism is to
eradicate the acceleration jump at the beginning and end of
the Geneva wheel motion [6].

From the Literature review many researchers are studied on
the Geneva Mechanism properties. This is an attempt of
analyze the mechanism properties manufactured by the 3D
Printer. In this work Ultimaker s5 Pro bundle 3D printer and

the ABS material is used
Table 01: ABS Material properties

Properties Metric units
Tield Strength 1.B5e7 - 5.1e7 pa
Tensila strength 1.76eT - 55287 pa
Elongztion 0.015-1 % strzin
Hardness (Vickers) 5.40e7 - 1.5e8 re
Fracturs Toughness 1.10e6 - 4.28e5 Pam™.3
Young's Modolos 1199 - 2.0e8 pa
Max Service Temperature 615768 €
Spacific Heat Capability 133621, 0 Tz °C
Thermzl Expansion Coafficiant Ragea el A
IL EXPERIMENTAL WORK

Material used for this project work is ABS, short for
Acrylonitrile Butadiene Styrene, is an oil-based plastic. It is
a strong, sturdy material that businesses widely used for
constructing things such as plastic car parts, musical
instruments, and the ever-popular Lego building blocks. ABS
has a high melting point, and can experience warping if
cooled while printing. Because of this, ABS objects must be
printed on a heated surface. ABS also requires ventilation
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when in use, as the fumes can be unpleasant. The material
desired properties are:
e Impact resistance
e  Structural strength & Stiffness
e  Chemical Resistance
e Excellent high and
performance.
e  QGreat electrical insulation properties
e FEasy to pain and glue
ABS plastic attains these physical attributes through
the initial creation process. By polymerizing styrene and
acrylonitrile in the presence of polybutadiene, chemical
“chains” attract each other and bind together to make ABS
stronger. This combination of materials and plastics provides
ABS with superior hardness, gloss, toughness and resistance
properties, greater than that of pure polystyrene

low temperature

II1. METHODOLOGY

Step 1: Initially the components to be prepares are drawn
using FUSION 360 software by using sketcher tool.

Step 2: Once the component is drawn as per required
dimensions then the file is saved as STL file in FUSION
360software

Step 3: After completion of above procedure, STL file is
loaded into cura software.

Step 4: Once the STL file is loaded, required parameters are
set in cura software that is material used, layer thickness,
infill density, infill shapes, fan speed, nozzle temperature,
bed temperature, extrusion temperature, supports required all
are selected and modified as per the requirement.

Step 5: After selection of the above parameters slicing is done
by using slice option.

Step 6: Once slicing is done STL file is converted into G
codes which is readable by 3D printer.

Step 7: G-code file is loaded in 3d printer by using pen drive
and printing is done.

Step 8: Assembly of Printed Components.

For this research work ultimaker s5 pro bundle is
used for to print the mechanism and analyzing the various
print parameters. This is an attempt to establish the optimal
properties for printing the objects using 3D printing
technique. In this machine mainly three parts are present. Air
Manager, Ultimaker s5 printer and material station. This
printer has a variable nozzle diameters.

Iv. MODELING OF GENEVA MECHANISM

Fusion 360 is an advanced software for shape designing,
Styling, surface workflow, modeling and Simulation.

This Fusion 360 is used in many companies like Tata motors,
Hyundai, Ford, Honda, Suzuki, Samsung etc...
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Figure 1: Design of Driven gear
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Figure 2: Design of Crank

The crank is designed in a Fusion 360 and saved in .prt
file and converted this file to .stl file for preprocessing in
ultimaker 3D printer software cura to analyze the properties
like print time, material consumption and where supports are
needed to print the components with accuracy. After
completion of the preprocess convert this file into G codes
and transferred to the printer.
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Figure 3: Design of Body Parts
Same like above steps are followed and convert this
body parts into G codes and saved in .ufp format after
transferred into 3D printer.
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Figure 4: Design of a Drive Gear
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Same like above steps are followed and convert this body
parts into G codes and saved in .ufp format after transferred
into 3D printer.

V. PREPROCESSING THE COMPONENTS

IN CURA

Cura 3D is slicing software for 3D printers. It takes
a 3D model and slices it into layers to create a file known as
G-Code, which is the code that a 3D printer understands. Cura
slices 3D models. It translates the 3D STL, OBIJ or 3MF file
into a format that the printer can understand. Fused filament
fabrication (FFF) 3D printers print one layer upon another to
build up the 3D object. Cura 3D takes the 3D model and
works out how those layers are placed on the print bed and
creates a set of instructions for the printer to follow layer on
layer. Cura generates instructions for your 3D printer. They
are called G-Code, a text document that ends with the file
extension .ufp. Open the file and you’ll actually be able to
read through quite a bit of the code and understand what it’s
telling the printer to do.
Here’s a small snippet:

Figure 5: sample G codes

As you become more adept at 3D printing you can go into
this code and adjust fan speeds, layer heights and hot-end
temperatures at different points. This can be handy when you
need to troubleshoot some 3D print problems. As every
printer has a different setup, print area, build plate and nozzle
size, the slicing software needs to know these hardware
details in a printer profile. Once it has the required details,
you can then specify settings like layer height and thickness.
Ultimaker Cura software will calculate the path the print head
needs to take in order to print your model and produce a list
of instructions for the printer. These instructions are saved in
that G-Code file.

The G-Code be saved to an SD card or sent to the
printer over wireless or cable depending on the printer
directly from Ultimaker Cura software. There are many 3D
slicing programs available on the market, Ultimaker Cura
software is just one of many.

Ultimaker cura provides so many features and one is
the infill pattersns. Infill patterns affects model strength,
material consumed and print time. By default, the Cura slicer
prints a grid-shaped infill, printing in one diagonal direction
per layer. This provides reasonable strength without eating up
too much material. It is also one of the fastest patterns in
terms of print time. Cura‘s standard infill pattern should be
fine for most common applications. In some special
applications though, the default pattern might not be best. In
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such cases, Cura offers a range of infill patterns to choose
from.

Figure 6: Ultimaker Cura infill patterns

To change Cura infill pattern, enable the Infill Pattern hidden
setting and it will appear under the Infill section. You have a
choice of 13 different patterns. Some of the important
patterns are

e Grid: A grid-shaped infill, with lines in both
diagonal directions on each layer.

e Lines: Creates a grid-shaped infill, printing in one

diagonal direction per layer.

Triangles: Creates a triangular shaped infill pattern.

Cubic: A 3D infill of tilted cubes.

Tetrahedral: A 3D infill of pyramid shapes.

Concentric: The infill prints from the outside

towards the centre of the model. This way infill lines

won’t be visible through the walls of the print.

e Concentric 3D: The infill prints from the outside
towards the centre of the model, with an incline over
the entire print.

e Zig Zag: A grid-shaped infill, printing continuously
in one diagonal direction.
Necessity of a control the speed of the machine. If machine
speed increases it decreases the printing time but it decreases
the quality of the print. For the above reason need to control
the speed up to 40 to 60 mm/s gives good quality results.

fidedd
T1318

10mm/s : 15mm/s | 30 mm/s 60 mm/s 90 mm/s ' 120 mm/s

Figure 7: the quality effects by the print speed
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Figure 8: Geneva mechanism STL file in Cura

Table 2: Analyzed Ultimaker Cura parameters

Fast Namal Fine [Extra Fine
Quality 0.2 mm 0. 1 5mm 0.1 mm 0.0 6mm
Well Thickmess 1mm 1.3 mm 1.5 mm 1.5 mm
Top Layer [ 2 12 20
Eottam Layer L 11 120

[20%% [20%% [20%%

Infill Density 20%
Infill Partem Trizngles [Triznzles [Triangles [Triznzles
Print Spaed G0 mm's |50 mm's |5 S s 50 mm's
Estimated Time 9 r 51 min 15 bz 5 min 1day Zhrs (1 dav I3 ke
hiaterizl g8 3 (8534 [P
Consurnption £

HMarmal [Marmal [ ormal [Marnal
Quality 0.16 10.17 10.18 1012
Wall Thickness 13 1.3 mm 1.3 mm 1.3 mm
Top Layer K il t:3 L
Eottam Layer 3 2 k3 12
Infill Density 20% [20% [20%% [20%%
Infill Pattem Trizngles [Trisngles [Triangles [Trisngles
Print Speed 60 mm's |60 mm's 160 mm's |60 mm's

T = Tor Sami =

Estimated Time 145227 min 13hr 5imin 12hr 54min 12hr 26min
hlaterizl o6 I57e [B5g I25g
Connumption £

After analysing the all parameters, normal with 0.15 mm
layer thickness with supports and infill density 20% was
selected. Because of it gives good strength and gives
optimum values.

VI. PRINTING OF OBJECTS USING 3D
PRINTER

Step 1: Once the modelling is done then STL file is loaded
into cura software and slicing is done. After completion of
the above process the G code file loaded in to 3D printer by
using SD card or Pen drive.
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Step 2: In order to print the component filament is loaded
into the machine

Step 3: Initially bed is prepared by cleaning it with alcohol
based solvent.

Step 4: After cleaning bed is preheated to 85°C temperature.
Step 5: Before printing the component, glue stick is applied
because of avoiding the warping

Step 6: Once the above procedure is done select the G code
file from the SD card by using select option.

Step 7: Each and every parameter setting is visible on the
machine screen. Check for any errors and parameters and do
modifications if necessary.

Step 8: After checking the parameters printing is started by
giving start option in the machine.

Step 9: After completion of the component wait for at least
30 minutes in order to remove the component from the
machine bed.

Step 10: Post processing is done to the components by
removing of excess material and component supports.

dddd

Figure 9: Components while 3D Printing
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N
Figure 10: Finished Product

CONCLUSION

Geneva mechanism was studied and successfully realized
with the help of additive technologies from ABS material.
The model obtained is used as demonstration stands used in
didactic applications. Of the one investigated material ABS
have been proved to have properties and characteristics close
to mechanical engineering applications and these results are
demonstrated by graphs. ABS also has the advantage of
lighter weight, which makes it suitable for applications where
low mass is needed. It can also be concluded that the angular
speed of the drive element is inversely proportional to the
difference between the angular speeds of the Malta crosses.
The latest years have brought spectacular developments to
these new 3D printing technologies, which makes it possible
today to find a wide variety of products manufactured by
these new technologies and many in development, making
them more and more competitive in wider areas. Applications
of AM technologies in this area are gaining more and more
importance. Challenges are related to finding and approving
new materials that can be put into desirable physical forms
with the most appropriate mechanical, increasing
dimensional precision and surface quality, making parts from
different materials with a functional gradient.

With the help of FUSION 360, design of Geneva
Mechanism is developed including few sub-assemblies and
fabrication gears and other components completed by using
3D printing machine. 3D printing technology is the most
advanced manufacturing process which is trending now a day
which help in printing component at high speed and reduces
production cost.

In this project work, design is done using FUSION 360
software and then file is transformed to STL format which is
used for production of the component in 3D printing
machine. CURA software is used for slicing of the
component produced in FUSION 360 and it also helps in
adjustment of dimensions, solidification time, material
selection, printing speed and printing time. In this project
ABS material is used for the production of the component in
3D printing machine.
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Abstract— Automation is basically the delegation of human
control function to technical equipment for increasing
productivity increasing quality reducing cost and increasing
safety in working conditions. The industrial automation is very
necessary for the manufacturing industry to survive in today’s
globally competitive market. A programmable logic controller
(PLC) is a digital computer used for automation of
electromechanical processes, which is a type of computer family
and they have commercial and industrial applications. The
development of programmable logic controller (PLC) makes it
possible to do the required changes to the program without
changing the electrical circuit connections. In this project We
have designed Industrial Time Controller in which using PLC
create a time delay before or after the process which can be used
for maintenance or machines integration or offset loss incurred
due to machine failure.

A machine shop consists of 3 machines is considered, which is
integrated with a PLC board. Here, every machine after
completion of processing a delay time of 10 sec is given and
tested successfully

Keywords— PLC, Industrial automation,
Controller

Industrial Time

I. INTRODUCTION

In today’s fast-moving, highly competitive industrial world,
a company must be flexible, cost effective and efficient if it
wishes to survive. In the process and manufacturing
industries, this has resulted in a great demand for industrial
control systems/ automation in order to streamline operations
in terms of speed, reliability and product output. Automation
plays an increasingly important role in the world economy
and in daily experience. Automation is the use of control
systems and information technologies to reduce the need for
human work in the production of goods and services. In the
scope of industrialization, automation is a step beyond
mechanization. Whereas mechanization provided human
operators with machinery to assist them with the muscular
requirements of work, automation greatly decreases the need
for human sensory and mental requirements as well.
Automation Control System - system that is able to control
a process with minimal human assistance or without manual
and have the ability to initiate, adjust, action show or
measures the variables in the process and stop the process in
order to obtain the desired output.

The main objective of Automation Control System used in
the industry are: 1. To increase productivity

2. To improve quality of the product

3. Control production cost

Programmable logic controllers are small industrial
computers. Their design uses modular components in a single
device to automate customized control processes. They differ
from most other computing devices, as they are intended for
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and tolerant of severe conditions of factory settings such as
dust, moisture, and extreme temperatures.

Industrial automation began long before PLCs. In the early
1900s until their invention, the only way to control machinery
was through the use of complicated electro mechanical relay
circuits. Each motor would need to be turned ON/OFF
individually. This resulted in factories needing massive
cabinets full of power relays. As industrial automation
continued to grow, modern factories of the time needed
dozens of motors with ON/OFF switches to control one
machine, and all these relays had to be hardwired in a very
specific way. PLCs were developed as a solution to have one
solid control as an electronic replacement for hard-wired
relay systems. The term PLC architecture refers to the design
specification of the various PLC hardware and software
components and the how they interact with one another to
form the overall PLC system. The architecture of a PLC is
based on the same principles of that used in standard
computer architecture.

PLC System
Power supply
o E
—3 | m ! Central E ° m..—/\/—
Input o! sk il ju o Output
n gl unit (CPU) bt d ™ 1oad
P i H \
wem Ll 8| [ | | O
t ° E program data i t o —F
Optical / \Opl-cnl
Isolation Isolation

=)

Programming device
Figure 1: PLC Architecture
Automation is making the processes automatic. It is the
method of using control systems to operate and control the
working of industrial processing technology. Automation can
be found in industries like steel factories, food and beverage
industries scientific automation and so on. One of the control
systems is Programmable Logic Controller, PLC, or
programmable controller, using digital computer for
automation of typically industrial electromechanical
processes, such as control of machinery on factory assembly
lines, amusement rides, or light fixtures. Process can be
smooth and the process of refilling can reduce worker cost
and operation cost. An investigation into the problem using
simulation has been attempted here. Automatic segregation
and directing of materials is controlled using PLCs1 It makes
use of limiting sensor, color sensor, proximity sensors for
segregation and directing of the materials is controlled by
using motor and the conveyer belt depending on the
instructions specified in the ladder logic in PLC. In food
packaging industry PLC is mainly used for automation
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purpose which helps in reducing packaging time and
increases the production rate as compared with manual
system. The accurate weight of an object is measured through
vibrator cell and load cell and has been explained in2,3 The
obtained electrical signal is passed to PLC machine

which contains the ladder diagram of the circuit which holds
the specified instructions of the system in internal storage.
Hence the system is totally automated without manual
intervention

I COMPONENTS USED

A. PLC Board: A programmable logic controller
(PLC) is an industrial computer controlsystem that
continuously monitors the state of input devices and makes
decisions based upon a custom program to control the state
of output devices

Figure 2: Programmable logic controller Board

B. 24V- DC motor: : A DC motor is any of a class of
rotary electrical motors that converts direct current (DC)
electrical energy into mechanical energy. The most common
types rely on the 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

Figure 3: 24V-DC Motor

Indicator Lights: Indicator lights are a type of
illuminating device that is commonly used to signify
that equipment is either receiving power or that there
is some form of malfunction. We have all seen the
red light come on when you power on a device

69

ISBN: 978-93-91420-07-9
Figure 4 : Water Level Switch Sensor

RUBBER TAPES AND INSULATION TAPES:
Rubber tapes are designed for use I NHY6n splicing
and terminating wires and cables with options rated
up to 69Kv. Electrical tape is a safety tape for wires,
used to cover and insulate a broad range of cables,
wires and other materials that conduct electricity.

ELECTRICAL WIRES: Stranded wire is composed
of a number of small wires bundled or wrapped
together to form a larger conductor. Stranded wire is
more flexible than solid wire of the same total cross-
sectional area.

Figure 5: Electrical wires

I11. EXPERIMENTAL PROCEDURE:

We arrange the indicators separately on the top of the three
Motors.

» Motor 1 will get start and the Motor associated
Indicator light 1 will glow while the second and
third Motors will be on off state.

»  After the given delay time the Motor 2 will get start
and its associated Indicator 2 light will glow and the
First and third motors will be on off state.

»  After the recurring delay time the third motor will

get started and its associated Indicator light 3 will
glow and the first and second motor will be on off
state.

»  This cycle runs until up to our requirement.

SCHEMATIC DIAGRAM:

Motors

Figure 6:

Schematic diagra
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Figure 8: Industrial Time Controller execution

IV. EXPERIMENTAL RESULTS

a. Ladder diagram:

Ladder diagrams are specialized schematics commonly used
to document industrial control logic systems. They are called
“ladder” diagrams because they resemble a ladder, with two
vertical rails (supply power) and as many “rungs” (horizontal
lines) as there are control circuits to represent.

The four components of ladder diagrams are:

% Power Supply (rails).

Input Devices (components).
Output Devices (components).
Conductors (rungs)

b. Ladder Logic:

Ladder logic was originally a written method to document the
design and construction of relay racks as used in
manufacturing and process control. Each device in the relay
rack would be represented by a symbol on the ladder diagram
with connections between those devices shown. In addition,
other items external to the relay rack such as pumps, heaters,
and so forth would also be shown on the ladder diagram.

Ladder logic has evolved into a programming language that
represents a program by a graphical diagram based on the

>

7 0 7
XXX
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circuit diagrams of relay logic hardware. Ladder logic is used
to develop software for programmable logic controllers
(PLCs) used in industrial control applications. The name is
based on the observation that programs in this language
resemble ladders, with two vertical rails and a series of
horizontal rungs between them.

c. ALGORITHM:

STEP-1
Switch ON

STEP-2

Motor 1 will get start and the motor associated indicator
light will glow while the second and third motors will be on
off state.

STEP-3

After the given delay time the Motor 2 will get start and it’s
associated indicator light will glow and the First and third
motors will be on off state.

STEP-4

After the recurring delay time the third motor will get
started and It’s Associated indicator light will glow and the
first and second motor will be on off state.

STEP-5
The same process will repeat again up to our requirement.

: Figure 11:
Ladder diagram of Industrial Time Controller

Ladder diagram usually starts from top to bottom and left to
right. Inputs placed at left side and outputs at right side of

ladder diagram.

Here the,
Here the,
X0 is the main switch
The output YO terminal is given to connection motor-1
Y1 Terminal is given to connection of indicator light-1
Y2 Terminal is given to connection of in motor-2
Y3 Terminal is given to the connection of indicator light-2
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Y4 terminal is given to the connection of motor-3
Y5 terminal is given to the connection of indicator light-3

CONCLUSION

In industries, there would be a set of technologies that are
implemented to get the desired performance or output,
making the automation systems most essential for industries.
In this paper we control time for multiple machines with
specified Time. Through using PLC the machines are
operated successfully. In this project, the Delta WPL
Software has been successfully used for PLC. In this project,
the monitoring and control system is designed for three phase
induction motors. The system is successfully implemented
and tested. After detailed experiment, it is observed that the
proposed system is a feasible method for controlling of DC
motor. A Machine shop consists of 3 machines is considered,
which is integrated with a PLC board. Here, every machine
after completion of processing a delay time of 10 sec is given
and tested successfully

FUTURE SCOPE

This system is very useful in future since India is moving
forward towards automated industrialization. With the help
of this technology we can yield significant financial benefits
which will prove beneficial for the industries as well as the
country. More features can be added to this existing system
which can be implemented in the future in Automation of
Manufacturing at a time to improve productivity, use of
sensors for the alarms which will indicate any mishandling in
between the process, implementation of HMI(human-
machine interface) and many more. This concept can be used
in various industries like Aeronautical and Aerodynamic
industries, food, medicine, chemical, and manufacturing
industries
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Abstract— Now a Days, the 3D printing is the Novel and
Emerging technology in all aspects, especially in the
development of new product and Manufacturing. 3D printing is
an Additive manufacturing technique, which produces the 3D
objects directly from the CAD data base using a layer-by-layer
technique. In present work, PLA (Poly Lactic Acid) has been
selected as material for additive manufacturing due to its special
characteristics. As per ASTM standards, specimens for tensile,
fatigue and compression testing are prepared with different
filling patterns, using CoLiD0X3045 printer. These specimens
are characterized and the results are compared with respect to
filling patterns.

L INTRODUCTION

Polymers are made of long, repeating chains of molecules.
polymers include a range of materials with a variety of
properties, depending on the type of molecules being bonded
and how they are bonded. Polymers touch almost every
aspect of modern life. The term polymer is often used to
describe plastics, which are synthetic polymers. However,
natural polymers also exist. Polymers are giant molecules of
high molecular weight, called macromolecules, which are
build up by linking together of a large number of small
molecules, called monomers. The reaction by which the
monomers combine to form polymer is known as
polymerization. The product is called polymer and the
starting material is called monomer

CLASSIFICATION OF POLYMERS

Polymers cannot be classified under one category because of
their complex structures, different behaviours, and vast
applications. Therefore, we classify polymers based on the
following considerations

| Classification of polymers I

Based on origin Based on Based on mode of
of source molecular forces polymerization
1. Addition

—| 1. Elastomers polymers

—| 2. Fibers I
—i 3. Thermoplastics I
— o
polymers
Fig. 1: Classification of polymers
CATIA V5 R21: CATIA is a multi-platform 3D software

suite encompassing CAD, CAM as well as CAE Tools.
Dassault is a French engineering giant active in the field of

Based on slruckurel

-l

2. Branched chain
I polymers

1. Natural
polymers

1. Linear
polymers

| | 2. Semi-
synthetic

2. Condensation
polymers

3. Crosslinked |

polymers

3. Synthetic
| polymer
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aviation,_3D design, 3D digital mock-ups, and product
lifecycle management (PLM) software. CATIA is a
Rectilinear modelling tool that unites the 3D parametric
features with 2D tools and also addresses every design-to-
manufacturing process.

PRINT-RITE SOFTWARE: Print-Rite is a Software used
for Slicing the CAD File and converting them into G -Codes,
for printing the Components. It only takes the .STL File and
selects the Printer for printing and starts slicing after giving
the Infill Pattern and Infill Density to the software.
Components can be printed directly by connecting to the
computer or by saving the file in G-Code Format in SD-Card.
The SD-card is connected to printer through a Pen drive. It
also shows the Time for printing the Component. Print-Rite
Software is used by CoLiDo Printers.

3D Printing Technology: 3D printing can create physical
objects from a geometrical representation by successive
addition of materials 3D printing technology has originated
from the layer by layer fabrication technology of three-
dimensional (3D) structures directly from computer-aided
design (CAD) drawing. 3D printing technology is a truly
innovative and has emerged as a versatile technology stage.
It opens new opportunities and gives hope to many
possibilities for companies looking to improve
manufacturing efficiency. Conventional thermoplastics,
ceramics, graphene-based materials, and metal are the
materials that can be printed now by using 3D printing
technology. 3D printing technology has the potential to
revolutionize industries and change the production line. The
adoption of 3D printing technology will increase the
production speed while reducing costs. At the same time, the
demand of the consumer will have more influence over
production.

I LITERATURE REVIEW
ShivrajYeole[1] “Tensile Testing and Evaluation of 3D
Printed PLA Specimens as per ASTM D638 standard”,
Fabrication of parts using additive manufacturing is proving
to be an alternative to the conventional part manufacturing
processes. However, achieving desired strength in such 3D
printed parts using specific materials is still an area of current
research. Polylactic acid (PLA), a biodegradable material, is
one of the compatible materials widely used in the Fused
Deposition Modelling based 3D printing process.
Researchers primarily focused on strength evaluation of PLA
material as per ASTM D638 Type-I standard. This paper
presents evaluation of tensile strength of PLA specimens 3D
printed as per ASTM D638 standard on FDM printer and its
comparison with the simulated results. Process involved
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preparation of ASTM specimens in Solid works software
followed by printing using PLA material in a MakerBot 3D
printer and then subjecting it to tensile testing in Auto Graph
AG 15 universal testing machine. CAD model of the test
specimens were then subjected to tensile loads in ANSYS
software to obtain simulated tensile strength and maximum
deformation. The experimental tensile strength values were
found to be within 5% deviation of the simulated tensile
strength values.

John Ryan C. Dizon[2] “Mechanical characterization of 3D-
printed polymers”, It also known as Additive Manufacturing
(AM), is already being adopted for rapid prototyping and
soon rapid manufacturing. This review provides a brief
discussion about AM and also the most employed AM
technologies for polymers. The commonly-used ASTM and
ISO mechanical test standards which have been used by
various research groups to test the strength of the 3D-printed
parts have been reported. Also, a summary of an exhaustive
amount of literature regarding the mechanical properties of
3D-printed parts is included, specifically, properties under
different loading types such as tensile, bending, compressive,
fatigue, impact and others. Properties at low temperatures
have also been discussed. Further, the effects of fillers as well
as post-processing on the mechanical properties have also
been discussed. Lastly, several important questions to
consider in the standardization of mechanical test methods
have been raised.

II1. MATERIAL SELECTION
Polylactic Acid (PLA) is one of the most extensively
researched 3D printing material. It has good Printability and
high stiffness and Tensile Strength, besides available at cheap
cost. PLA filament provides aesthetic 3D printing experience.
It has better reliability and good surface quality. PLA is safe,
easy to print with and it serves a wide range of applications
for both novice and advanced users. easy to work with at high
print speeds, user-friendly for both home and office
environments, PLA allows the creation of high-resolution
parts. There is a wide range of color options available. PLA
is more Environmental-Friendly and Is Compositable.
Types of internal structures:
A variety of filling patterns that are used printing of
components in additive manufacturing like honeycomb,
rectilinear, solid, triangular, hillbert curve, Archimedean
Chords, Octa gram spiral, concentric etc...Based on Filling
pattern the properties of components of same material will
change. . Infills play an essential role in the overall strength
of an object, connecting the outer shells and supporting the
upper surfaces too Our project mainly focuses on two infill
patterns i.e Honey-Comb and Rectilinear with same infill
densities, and comparing their mechanical properties.
Rectilinear Structure:
The rectilinear grid pattern is drawing of inclined continuous
lines between the shells. Rectilinear has linear structures
drawn inclined over another with different infill densities
varying from 5% to 100%. It has a good strength on fatigue
properties.
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Fig 2: Rectilinear Structure

Honeycomb structure:

In 3D printing, the honeycomb is also a familiar structure,
particularly for infills. 3D printed objects are typically not
100% Rectilinear and are instead held together by a lattice
structure called an infill. Most 3D printed parts on FFF
(FDM, Material Extrusion) 3D printers are only 20 to 30%
full.

20% 40%

30%

90%

70%

80% 100%

Fig. 3 : Honeycomb structure

Tensile Testing Machine:
Tensile testing is commonly used to determine the maximum
load (tensile strength) that a material or a product can
withstand. Tensile testing may be based on a load value or
elongation value. Tensile testing is performed on a variety of
materials including metals, plastics, elastomers, paper,
composites, rubbers, fabrics, adhesives, films, etc.

Fig. 4: Universal tensile testing machine

Compressive Testing Machine:
Compression is a fundamental type of test used to
characterize metals, composites, rock, concrete, wood,
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foam, plastic and many other common materials.
Compression test is conducted by applying compressive
pressure to a test specimen using platens or specialized
fixtures on a universal testing machine.

Fig. 4: compressive testing machine

Fatigue Testing Machine:

The fatigue life of a material is the total number of cycles that
a material can be subjected to under a single loading scheme.
A fatigue test is also used for the determination of the
maximum load that a sample can withstand for a specified
number of cycles.

Fig. 5: Fatigue test machine
Rockwell Hardness Testing Machine:
Hardness of a plastic material is most often measured by the
Rockwell hardness test. It measures the resistance of the
plastic toward indentation, thereby providing an empirical
hardness value. These hardness values do not necessarily
correlate to other properties or fundamental characteristics.

&

Fig. 6: Hardness Testing Machine
Modeling & Slicing
The Test Pieces were designed and drafted in CATIA V5

Software and saved the file in .STL Format. Files were
loaded into PRINT-RITE software. The Specimen are sliced
in 2 Different internal structures. The specimen is sliced into
number of layers. Print-Rite software writes the G-codes for
specimen.
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Specimen Characterization:

Four different types of specimen were designed as per ASTM
Standards for performing Tensile and other type of Tests.
Mechanical properties of the Plastic material are carried out.
The dimensions of the specimen are as follows.

Overall Width
(19 mm)

Gage Width
(13 mm)

Tickness 7‘ L L 1

(3.2 mm)

Gage Length
(50 mm)
Length of Narrow Section
| (57 mm)

Length of Narrow Grips (115 mm)
Length Overall (165 mm)

Fig 7: Tensile Test Piece Dimensions

2Modelling & Slicing of Tensile Test specimen:

A Dog Bone shaped Tensile Test specimen is designed in
CATIA V5 Software in 2D model of Dimensions. The gauge
length of the specimen is 57mm, width is 13mm and the
thickness is 6mm. The 2D figure is extruded in 3D Modelling.
The Tensile test piece is sliced by SLIC3R engine and file is
converted into G-Codes.
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Fig. 8: Modelling, loading & Sling of Tensile test specimen
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Modelling of Compressive Test Specimen:

A Compression test piece is drawn in CATIA V5 Software
in 2D model. The Dimensions of the cube are Length
30mm, Width 30mm And Height 30mm.Figure is extruded
in 3D Modelling. The test piece is sliced in Print-Rite
Software with SLic3R engine.
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Fig. 8: modelling, loading & Sling of compressive test specimen

Modelling& Slicing of Fatigue Test specimen:

A Fatigue Test Piece had been designed and drafted in
CATIA VS5 software in 2D model Part Design and extruded
in 3D Modelling. The specimen Dimensions are, the gauge
length of the specimen is 38mm, Gauge Diameter is 6.3mm
and the Total diameter is 13.6mm. The specimen is rotated
and sliced by SLIC3Rin PRINT-Rite Software and converted
it into a G-codes file.

[
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Fig.9: modelling, Loading & Sling of Fatigue test specimen
Modelling of Hardness Test Specimen:

A small rectangular Bar is designed in CATIA V5 in 2D
model and extruded into 3D Component. The dimensions of
the cube are Length 10mm, Width 10mm And Height 20mm.
In this we using SLIC3R engine to slice the specimen into
and convert it into a G-codes file.

..
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Fig.10: modelling, Loading & Sling of Hardness test specimen

Specimen were designed in CATIA V5 and are sliced in
PRINT-RITE Software. Slicing Engine used is SLIC3R
Engine. Two Different internal structures i.e. Honey-Comb
and Rectilinear structures are selected for slicing. The files
are saved in G-Codes Format in a SD-Card or LAN
connection is used for connecting to a 3D printer
SPECIMEN PREPARATION

3D Printer can print any type of complex structures and have
the capability to work round the clock to print objects
irrespective shape and size of the object. The Specimen are
Fabricated in CoLiDo X3045 Printer. Fabrication of different
types of specimen are as follows.

Printing of Tensile test specimen:

A Dog-Bone shaped Tensile Test Specimen is designed,
sliced and is saved in SD Card in the G-Codes Format. The
file is connected to the 3D printer. The printer is loaded with
the PLA filament and nozzle is heated to 210°C.The Bed is
maintained at 80°C and print is given to 3Dprinter manually.
Once, the print is completed the Nozzle reaches to home
position and cools automatically.

Fig.11: Printed Tensile specimen
Printing of compression test specimen:
A Cube is modelled and sliced with SLIC3R engine in Print-
Rite Software. The file is saved and connected to the printer.
The nozzle and bed are heated under controlled conditions by
Thermocouples while printing.
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Fig. 12: Printed compression specimen

Printing of Fatigue test specimen:

A Fatigue specimen is designed in Catia v5, and sliced in
Print-Rite software. The STL file of the fatigue test piece is
converted into G-codes, the file is saved in SD-Card or Lan
Connection. and connected to printer. The 3D model of
specimen is Sliced by placing specimen perpendicular to the
bed. The printer starts printing automatically after the
temperature of the Bed and Nozzle reaches required
temperature.

£
#l

Fig. 13: Printed Fatigue specimen

Printing of Hardness test specimen:

A small hardness test piece is designed and saved in .STL file.
The file is sliced and saved in G-Codes format in SD-Cards
or Lan Connection. SD-Cards are connected to printer and
print is given by selecting the file. After reaching the required
temperature print starts automatically. The Specimen are
prepared in CoLiDo X3045 printer, a Biodegradable PLA
filament is Used for printing the specimen. Once the printing
the Specimen is completed, Bed and Nozzle starts cooling
after reaching to the home position

Fig.14 Printed Fatigue specimen

Iv. EXPERIMENTAL WORK

Four Specimen were printed and experiments are to be
performed on these specimens for finding the mechanical
properties of the PolyLactic Acid Filament with Varying in
the internal structures. The tests Conducted for finding the
mechanical properties are Tensile, Fatigue, Compressive and
Hardness.

Tensile Test piece after testing:

Specimen is fixed to the UTM by grippers. Load is applied
gradually on the specimen till the test-piece breaks. The force
acting on the specimen and its displacement is continuously
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monitored and plotted on a stress-strain curve until the test-
piece breaks.

4
Fig 16: During the Tensile test
Compressive Test piece after testing:

To conduct the compression test on a specimen using a
universal testing machine to determine ultimate compressive
strength of material. When a material is subjected to
compressive loading, the relationship between stress and
strain is similar to that obtain for a tensile loading.

Fig.17: During the Compresi test

Hardness Test piece after testing:

Rockwell hardness is generally chosen for 'harder' plastics
such as polystyrene, and acetal where the resiliency or creep
of the polymer is less likely to affect the results. The
Standards of Ball Indentation Hardness test is (ISO 2039-1;
DIN 53456).

Fig 18: During the Hardness test
Fatigue Test piece after testing:

The Fatigue test is conducted on the specimen in the rotating
bending testing machine. The fatigue test determines the life
and endurance limited of the material during the cyclic loads.
The specimen is fixed on the both ends of the specimen. In
this we can also find the bending movement of the specimen.
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RESULTS AND DISCUSSIONS
The use of plastics has been increased day due to their
mechanical properties. In the present work the mechanical
properties of PLA material have evaluated their properties are
compared.

Tensile Test Results:

Dog-Bone Shaped Tensile Test Specimen samples of
dimensions 57x13x6mm are Designed, Modelled, Sliced,
Fabricated with PLA Material and Tested to calculate the
mechanical properties of material with Varying Infill
Patterns. Specimen is fixed to the UTM by grippers. Load is
applied gradually on the specimen till the test-piece breaks.
The force acting on the specimen and its displacement is
continuously monitored and plotted on a stress-strain curve
until failure. Load Vs displacement curve is plotted for the
determination of tensile strength and elastic modulus.
Calculations to be performed for finding the total elongation
of the specimen and ultimate strength etc. and is plotted on a
Graph.

Fatigue test piece results:

Fatigue Test-pieces of dimensions are 10lmm length,
O12mm, @6.35mm are Designed, modelled, sliced,
Fabricated with PLA Material and are tested in rotary
bending fatigue testing machine. This test is conducted to
generate fatigue life and crack growth data, identify critical
locations or demonstrate the safety of a structure that may be
susceptible to fatigue. Cyclic loading is applied on test-
pieces. Load applied, Speed, number of cycles of the
rotation, etc. are monitored until the specimen breaks.
Calculations were done and plotted on a Graph.

Graphs for Rectilinear Tensile test result:

Test-Piece is fixed to UTM and Load is applied gradually on
the Specimen. This entire setup is connected to a Computer
for Generating Graphs of Stress-Strain & Load-Position
Automatically. The ultimate strength occurs at 880N and the
break point occurs at 7.3mm.
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Graphs for honeycomb Tensile test results

Honeycomb has better tensile strength over Rectilinear for
Tensile Test-piece. It has ultimate strength at 3250 N and the
Test-piece Breaks at 4mm. Stress-Strain Ratio of Honeycomb
is higher than of Rectilinear.
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Specimen are tested and results are tabulated, Graphs are
drawn to find the mechanical properties of the polylactic acid
material. Our project work discusses on the Infill pattern of
the specimen and the suggesting the better applications of
PLA material in industrial applications.

CONCLUSION & FUTURE SCOPE
In present work, PLA (PolyLactic Acid) has been selected a
s material for additive manufacturing due to its special
characteristics. As per ASTM standards, specimens for
tensile, fatigue and compression testing are prepared with
different filling patterns, using CoLDo X3045 printer
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Four tests i.e. Tensile, compression, fatigue and Hardness are
successfully carried out on PLA material. It is observed that
Honeycomb material has better Ultimate tensile strength
compared to Rectilinear material. compressive strength is
also good for Honeycomb material when compared to
Rectilinear material. It is also identified that Rectilinear
material has just an edge over the honeycomb material in
terms of Fatigue strength. Hence it is concluded that
Honeycomb is preferred for ductile applications with
moderate bending strength and hardness.

Future, different internal structures like Solid, 3D
Honeycomb, Line, Concentric, Hilbert Curve, Archimedean
Chords and Octa gram Spiral tested for knowing the
advanced mechanical properties for each structure of PLA
material.
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Abstract: The present study reports the synthesis, structural,
microstructural, photoluminescence (PL) and chromatic
studies of Cds(BOs)2nanocomposite (NC) and transition metal
ions doped Cds3(BOz)2 nanocomposites. The XRD studies reveals
orthorhombic crystal structure, SEM and EDS studies
confirms the smaller particles and composition of
nanocomposite. PL data of all the prepared Cds(BOs3)2NCs are
measured in different regions and exhibited various emission
bands which correspond to different regions like UV, blue and
green regions. The PL intensity is found to increase with a
reduction in the particle sizes, which are in the range of 31-
60nm, particle sizes are evaluated from XRD data. The PL
data of all the prepared Cds(BOs)NCs, the chromaticity

coordinates are calculated and plotted in chromaticity diagram.

The undopedCds(BOz)2NC is located in pale blue region,
whereas Cr3 and Fe®* doped Cd3(BOs):NCs are located in
dark blue region. VO doped Cd3(BOs)2NCs, emitted colour is
shifted to green region while Co?* doped Cd3(BOz3)2NCs exhibit
whitish-blue color and these are promising to be used in lamps
and display devices.

Keywords:  Cds(BO3)2NCs, Synthesis,  Structural
Transition metal ions, PL studies, CIE coordinates.

studies,

1. INTRODUCTION:
Nanomaterials and nanostructures play an important role in
the applications of nanoscience and nanotechnology in the
fields of energy sources, environments, and health.
Nanomaterials are increasingly gaining the attention of not
only among the scientific community but also in the
common public due to their unique properties, which lead to
new and exciting applications [1, 2]. The synthesis and
study of nanostructured materials have become a major
interdisciplinary area of research over the past two decades.
Among them semiconductor nanoparticles play a major role
in several new technologies, the intense interest in this area
derives from their unique chemical, physical and electronic
properties, which give their potential use in the fields of
displays, lighting, sensors and lasers etc. [3]. Cadmium is a
component of semiconductors, such as cadmium sulfide,
cadmium selenide, cadmium telluride, and cadmium oxide,
which can be used for light detection and solar cells.
Cadmium oxide is used in black and white television
phosphors and in the blue and green phosphors for color
television picture tubes [4]. The continuous attempts to
develop next generation devices equipped with multi
functions are now being extended to the search for materials
that can combine magnetic, electronic, and photonic
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responses. One example of such efforts is the quest for a
ferromagnetic material that can inject spin polarized carriers
into semiconductors [5].

Among the inorganic materials, metal oxides such as
cadmium borate play a vital role in developing new devices
as they exhibit a considerable variety of structures,
stoichiometries, chemical and physical properties that can
be tailored to exploit a variety of suitable synthetic

techniques. There have been several reports on the
photoluminescence  studies of cadmium that are
photoluminescence and chemically synthesized CdS

nanoparticles [6]. Synthesis and characterizations of pure
CdSnanocrystals using chemical precipitation method for
photoluminescence  applications  [7].  Studies  of
cadmiumsulfide photoluminescence in poly (methyl
methacrylate)-matrix composites were reported bySmagin
et al.,[8]. Tuning luminescence of 3d transition-metal doped
quantum particles: Ni*2: CdS and Fe*3; CdS reported by S.
M. Taheri and M. H. Yousefim [9].

Borate compounds are well known remarkably for their use
in industries and mineralogy. Boron atom coordinates with
oxygen atom in various ways, such as trigonal planar (BOs)
and tetrahedral (BO4) structural units thus, there is
considerable number of boron compounds containing also
B-OH groups (hydroxyl hydrated borates) and they may
also contain interstitial water [10]. Metal borates have
excellent mechanical properties, good chemical inertness
and high stability under high temperature.

The photoluminescence is a well-known physical
phenomenon observed in many kinds of materials. In the
last few years, the PL of nanocrystals has been widely
investigated because of its strategic importance for the
technological development of optical devices, such as light-
emitting diodes, lasers, sensors, scintillators, medical
diagnostics, displays, electronic panels. etc,. PL studies are
applied to characterize the local coordination and impurity
levels of metal ions. Transition metals have good electronic
properties even at low concentrations and they are easily
introduced to host lattice due to their high diffusivity [11],
therefore it has been the aim of many investigations to
identify  transition metal impurities by various
measurements one of them are emission spectra. Cadmium
borate is a boron-based inorganic material widely used in
various fields. Cadmium borate can be isolated as crystalline
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materials in various forms having different chemical
compositions and structures [12].

In the present study nanocomposite (NC) samples are
characterized to evaluate the structural information and
nature of doped metal ions in the host Cds (BOs3): lattice.
The obtained nanocomposites are characterized using
various techniques such as X-ray diffraction (XRD),
scanning electron microscopy (SEM), Elemental dispersive
(EDS), UV/vis spectroscopy and photoluminescence (PL),
respectively.

2. EXPERIMENTAL DETAILS

Chemicals Required: Cd3 (BOs), nanocomposites were
prepared by using high pure chemicals. Cadmium borate
(Cd3(BO3)2;) NC was obtained by using chemical
precipitation method. The Transition metal oxide doped
cadmium borate NCs were produced from a solution of
cadmium nitrate (0.1M), borax (0.1M) and Transition metal
oxide 0.01M) by using deionized water as solvent. The
uniform magnetic stirring was provided for better atomic
diffusion during the length of the reaction. The resulting
precipitates were centrifuged and washed several times with
deionized water. The precipitates were then dried in a hot air
oven at 350-400°C. The final products were then obtained
by crushing the dried precipitate using pestle and mortar.

(M S p— G R )

3. Characterization techniques:

The surface morphologies and elemental
compositions of the prepared nanocompositions were
obtained using Scanning Electron Microscopy with
Elemental dispersive spectroscopy (ZEISS EVO18). PL
spectrum is taken at room temperature on Horiba Jobin-
Yvon Fluorolog-3 Spectrofluorimeter with Xe continuous
(450 W) and pulsed (35 W) lamps as excitation sources.

3.1. Microstructure and elemental composition:

The morphology of prepared samples indicates that
each of them is composed of agglomerates with irregular
shape and dimension distributions. The images are taken at
different magnifications showed that the prepared sample
contains irregular shaped stone like particles. The grain size
from SEM images does not match with the crystallite size
evaluated from powder XRD studies. This can be explained
by the fact that the grains seen in SEM images are the
domains formed by aggregation of nanosize crystallites [13]
which is shown in Fig.1.

el

Fig.1.SEM i‘r‘hages of Cdz (BOs)2 NC and transition metal
ion doped Cds (BOs)2 NCs
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(a)UndopedCds (BO3),  (b) VO?* doped Cds (BOs)2 ()
Cr® dopedCds (BOs3),
(d) Fe3+doredCd3 (BQg), (e) Co2* doped Cds (BO3)2

3.2. PhotoluminescenceStudy:

Surface states are very important for the physical properties,
especially for the optical properties of nanomaterials.
Electrons and holes may be excited easily and escape from
the ions. Many carriers trapped at the surface states or defect
sites may be released by photo excitation [14,15]. So
fluorescence efficiency of nanomaterials is higher than those
of bulk materials. PL experiments showed a strong visible
light emitting from these doped nanocomposites (NCs)
having peak at 290-689 nm at room temperature. At room
temperature PL spectrum of Cds(BOs). NC was excited at
325 nm, the emission peak was observed at 420 and 436 nm
corresponds to blue region .

The PL spectra of Cd3(BO3). NC and 3d transition metal
ions (VO?*, Cr¥, Fe®* and Co?") doped Cd3(BO3), Cd3(BO3),
NCs exhibited various emission bands which correspond to
different regions like UV, blue and green regions. The UV
luminescence band belongs to the exciton recombination
corresponding to near band edge (NBE) emission. UV
emission centered weak band at 449 nm, weak blue
emission centered at 467 nm and broad blue emission peak
at 490 nm and another band at 532 nm with an excitation
wavelength of 390 nm observed for Co?* doped Cd3(BOs),
NCs.

By doping with Fe3* in Cds(BOs); NC,the emission bands
are exhibited a blue shifted and the quenching of visible
luminescence and enhancement of UV emission was
observed. In this study, a sharp and dominated UV emission
at 293 nm and a suppressed blue emission at 351 nm in Fe®*
doped Cd3(BO3):NCs indicate that the prepared samples
have better quality and good optical properties. The
emission bands at 293 nm and 351 nm are assigned to the
transition 4Tg(D) — SA14(S) and *Aig(G) — SAx4(S) [16].
The emission spectrum of Cr¥*in Cds(BOs)2. NCshows three
sharp emission peaks in the visible region at 462, 519 and
689 nm. PL spectrum clearly indicates that the doping of
Cr¥ into the host material leads significant changes in PL
intensity. The blue emission peak at 462 nm is a host lattice
emission due to intrinsic impurities in host lattice, which
was observed in undopedCds(BOs); NC [17]. The green
emission band near 519 nm is assigned to the transition
4T 24(F)— *Azg(F). The red emission band at 689 nm (R line)
is a deep level emission band characteristic of Cr3* ions,
which is caused by the spin-forbidden 2Eq(G) — *Axq(F)
transition [18] and also the emission band results from
coupling of phonon with emission photon of Cr®* ions
[19,20]. The emission of Cr3* ions with Cds(BO3),NC can
be useful in display and lighting devices.

The only emission band related to vanadium doping was
observed in the emission spectrum of photoluminescence of
VO?* doped Cd3(BOs)2 NC. There are two excitation bands
peaking at 401 and 527 nm. Spectral features of emission
and excitation spectrum are typical for photoluminescence
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of ions with 3d? electron configuration in octahedral
coordination [21]. The excitation wavelengths for all the
prepared samples are in UV region and are given in Table.1.

Table.1. Emission peaks and excitation wavelengths of

Cd3(BO3)2 NC and transition metal ions doped
Cd3(BOs3)2 NCs.
SaExcitation wavelength (nm) Emission peaks (nm)
Cd3(BOs)2 325
420, 436

Cd3(BO3)2: VO 300

401, 527
Cds(BO3)2ZCf3+ 420

462, 519, 689
Cd3(BOg)2ZFe3+ 250

293, 351
Cd3(BO3)2ZC02+ 390
449, 467, 490, 532

The undopedCds(BO3):NC is located in pale blue region,
whereas Cr¥* and Fe3* doped Cd3(BOs):NCs are located in
dark blue region. VO?* doped Cds(BO3),NCs emitted
colour is shifted to green region while Co%* doped
Cd3(B0Os3)2NCs exhibited whitish-blue and these may be
used in lamps and display devices. The PL intensity is
found to increase with a reduction in the particle sizes.

The photoluminescence spectrum of nanoparticles shows a
broad luminescence in green region which indicates that the
nanocomposite could be used for the fabrication of photonic
devices. In our samples transition metal ion doped
Cd3(BO3)2NCs are exhibited UV blue-green emission.
Crystal quality of synthesized nanocomposite can affect the
origin and the intensity of UV emission and hence
enhancement in UV emission is observed for the
nanocomposite with better crystal quality. Therefore,
betterment in the crystal quality (less structural defects and
impurities, such as oxygen vacancies and Cd interstitials)
leads to the sharp and strong origination of UV emission at
the room temperature of the PL spectrum [22,23]. If the
concentration of oxygen vacancies is reduced in the
synthesized products then it results in the appearance of a

sharp and strong intensity NBE (Near band edge) emissi&?g )

[24].

Chromatic properties:

The Commission Internationaledel’Eclairage  (CIE)
chromaticity coordinates of Cd3(BOs), NC was excited at
325 nm is shown in Fig.5(a). In Cd3(BOs); NC, the
emissions peak were calculated from the emission spectrum
and location of color coordinates are represented in the CIE
chromaticity diagram by solid circle (+). From this figure it
is observed that the colorCds(BOs); NC is located in blue
region and the corresponding CIE coordinates are evaluated
as (x = 0.143, y = 0.057). Most lighting specifications refer
to colour in terms of 1931 CIE chromatic colour coordinates
which recognize that the human visual system uses three
primary colours: red, green and blue [25]. The CIE
coordinates are located in their specific region at different
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x,y values. The comparative CIE chromatic colour
coordinates of Cd3;(BOs), NC and doped Cd3(BO3), NCs are
shown in Fig. 6 along with X,y values and emitted colors
given table 2.

Table 2. Chromaticity coordinates of Cd3(BOz): and
transition metal ions doped Cds(BOs3)2 nanopowders

CIE )
Sample Coordinates Emitted
Colour
X y
Cd3(BOs)2 0.143 0.057 Blue
Cd3(B0O3),:vVO? 0.214 0.472 Green
Cd3(BO3)2:Cre* 0.208 0.235 Pale blue
Cd3(BOs)2:Fe?* 0.155 0.022 Blue
Cd3(B0O3),:Co?* 0.244 0.196 | Whitish-blue
CIEy 520
,xT"I’C. 530 ’ ‘ ‘
0.8 S
514, N 540 Coy(BOy,  (0143,0.057)
5 Cdy(BO)=VO™ (0.214,0.472)
1 Wlsse | WCayBOyCrT (0.208,0.235)
D ¥ Cdy(BO3)sFe™  (0.155,0.022)
580w Cdy(BO3::Co™  (0.244,0.218)
0.6 -— >
/570
5001 9
| | 3 0
| 590
0.4 -
61
630
490~
770
g ]
0.2
480
470
0.0 450
30 CIE x
0.0 0.2 0.4 0.6 0.8

Chromaticity diagram of Cds(BOs)2 and transition metal
ions doped Cds(BOs3)2 nanopowders
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ABSTRACT--The need of Metal Matrix Composites (MMCs) is
growing day by day because of their worthy properties of light
weight, more strength, corrosion resistance etc. The aim of
present work is to fabricate Aluminium Metal Matrix Composites
(MMCs) by reinforcing the Silicon Carbide (SiC) particles of 50
micron size with 2.5 & 5% weight percentage using stir casting
method. Al 2024 alloy is well known material as a matrix material
to form composite due to its strength to weight ratio and
good fatigue resistance. Similarly, the silicon carbide is highly
refractive material with high melting and thermal conductivity.
Moreover densities of Al 2021 and SiC are close to each other
which lead to uniform dispersion. Hence Al 2024 alloy & SiC are
selected for the preparation of composite in present work. For
synthesis of metal matrix composites, stir casting method is
followed as it is a proven technique over the decades. To enhance
the mechanical properties, the stir casted specimens are subjected
to Heat treatment (T6) before characterization. Characterization
involves microstructure analysis, Surface roughness testing,
evaluation of hardness and Tensile strength. The microstructures
of the specimens were tested and confirmed the presence of SiC
particles. It has been observed in decrement with respect to
Surface roughness after machining. Vickers Hardness testing
revealed improvement in the hardness of composites compared to
base Al 2024 alloy. Through tensile testing, it is found that load
bearing capacity of composite material enhanced when compared
with alloy material.

Keywords- Al 2024; SiC; Stir casting; Hardness; Surface
roughness; tensile testing.

1. INTRODUCTION

The Metal Matrix Composites are made by scattering
reinforcement material into base material or matrix which is
a monolithic material and is completely continuous. The
reinforcement material sometimes coated to avoid any
reactions with the base material. In structural applications,
matrix is generally a lighter metal such as magnesium,
aluminum etc., which provides the support to the
reinforcement material [1]. The composite will have
combined benefits of its constituents [2].

The strength, stiffness, and density of the composite
depends on its constituent materials properties, the fortifying
material’s size, shape, quantity & distribution and the bond
between base and fortifying material. The base material
shares the load among all the fibers [3]. Aluminum metal
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matrix composites are getting much importance especially
for aerospace, automobile, agriculture farm machinery
industries etc., due to their good properties such as high
strength, low density, good wear resistance compared to any
other metal [4-6].

In present work, Silicon Carbide (SiC) particles are used
as reinforcement material, Al 2024 as base material and
synthesized by stir casting technique.

2. MATERIALS
2.1 Aluminium alloy 2024

In present work, Aluminium alloy Al 2024 is used as
matrix material for which the main alloying element is
copper and next is magnesium, which is predominantly
added to increase the wetting between matrix and
reinforcement [7]. Al 2024 alloys have high strength, good
machining properties, possess low formability and corrosion
resistance in the heat treated state. Composition of Al 2024 is
tabulated in Table 1 and slab is shown in Fig. 1. Aluminum
slabs are procured from Sri  Krishna Enterprises,

Secunderabad, Telangana (State), INDIA.

Fig. 1 Al 2024 Slab

2.2 Reinforcement Material (SiC)

In present work, for preparation of Al-2024-SiC metal
matrix composite, Silicon Carbide (SiC) of 5% with 50
micron size used as a reinforcement material. The high
thermal conductivity coupled with low thermal expansion
and high strength of SiC leads to exceptional thermal shock
resistant quality [9] of composite. Both Al 2024 and Silicon
carbide are procured from Venuka Engineering Private
Limited, Patancheru, Medak District, Telangana State, India.


https://en.wikipedia.org/wiki/Metal_fatigue
https://en.wikipedia.org/wiki/Single_crystal
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Aluminum
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Fig.2 Bottom Pouring Type Stir Casting Furnace

3. EQUIPMENT Fig. 3 Muffle Furnace
3.1 Stir casting machine

Stir casting machine (Make: M/s. Swam Equip, Chennai, Table 2 Specifications of Stir Casting Machine

India) used as a furnace for melting the materials and mixing Sl. Parameter Value
- - - - - - . NO.
with reinforcement. This is majorly accepted as a promising i i
route, low-cost method for fabrication and also currently 1 Capacity of Melting Pot 2kgs (max)
- . . . 2 Adjustable Melting Temperature 100 - 1000° C
practicing commerually, as shown in Fig. 2. Its advantages with digital Indicator
incudes more simple, flexible and can be used for high 3 Variable Stirrer Speed 100 — 1500 RPM
production with cost advantage [10]. The process involves arrangement with Digital Indicator
heating up of Al 2024 alloy to a temperature higher than its 4 mﬂﬁzﬁiﬁﬁﬂiﬁﬁfme"t Fumace 155 _500° C
rr_1e|ting point _i.g., about 850°C and_ feeding SiC with 5 Oerating Vot 440V AC three Phase
simultaneous mixing by the rotation of stirrer. perating Voltage 50 c/s.
3.1.1 Specifications of stir casting machine: 6  Power Consumption &\‘r}vK'\\/’l‘éQ:;”ace S

Stir casting machine used in present work is the
combination of bottom pouring furnace, powder feeding
mechanism, powder preheating unit, mechanical stirrer,
shielding gas provision and control unit for all these
elements. The Specifications of this stir casting machine are
given in table 2.

3.2 Permanent Mould

Fig. 4 Permanent Mould (Dies);
Fig. 5 Pre-Heating Equipment

The permanent dies (Fig. 4 & 6(a)) made by H12 Die steel,
allows the molten metal to take final shape of component after
pouring and solidifying the liquid metal into it. The two halves
of dies are is as shown in Fig.4. Cooking gas operated torch
(Fig. 5) used for preheating the permanent moulds (Fig. 6(b))
to 200°C to increase the die life as well reduce the tendency of
die cracking.

6 (a) Dies are in clamed condition; (b) Dies are

pre-heating by torch

3.3 Muffle Furnace

After solidification, the casting samples were undergone
T6 heat treatment by using the muffle furnace (Fig. 3) for the
purpose of improving the mechanical properties.
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3.3.1 Specifications of the muffle furnace

The Specifications of the muffle furnace are given in the
table 3

Table 3 Specification of Muffle Furnace

Parameter Value
Rating 4 KW
Supply 3 Phase
Inner Size 6 x 6 X 12 inch deep
Outer Size 16 x 16 x 16 inch deep
Insulations Ceramic board and Fiber

Insulation

3.4 Microstructure Testing Equipment

For the purpose of observing the microstructure, prepared
the mounting samples by using mounting press as shown in
Fig. 7. After that the mounting specimens were ground by
using a table top grinder and polished by using various emery
papers 120, 220, 320, 400 and 600 grit sizes which meant for
rough to finish polishing, as shown in Fig. 8. Disc polishing
with alumina grade I, Il and Ill in a sequence order to get
mirror finishing which is needed for microscopic structure
examination, as shown in Fig. 9.

Fig: 7 Hot Mounting Press ; Fig: 8 Stand with different grit emery papers
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Fig: 9 Disk Polishing Machine ; Fig: 10 Electronic Microscope

The electronic microscope (Fig.10) is used to check the
microstructure at various locations of the samples. All the seen
microstructures were captured and recorded.

3.5 Hardness

Hardness is a characteristic of a material, not a
fundamental physical property. It is defined as the resistance
to scratching, machining [11], indentation and it is
determined by measuring the permanent depth of the
indentation mark.

3.5.1 Vickers Hardness testing:

According to ASTM Standard [12], the metallographically
polished and T6 heat treated specimens of 50 mm thick and
10x10mm cross section are checked for hardness by using a
Vickers micro hardness testing machine (UHL-Germany make,
IMS 4.0 VMHT model). A load of 0.05 kgf is applied, on the
various locations of the plane surfaces of the specimen up to 15
seconds and the indentation is observed with 100x Eye Piece
Magnification. Average hardness is noted from the Vickers
tester.

3.6 Portable Surface Roughness Measurement Surftest

The portable surface roughness measurement surftest
machine (Mitutoyo Surftest SJ-210), as shown in Fig. 11, is a
compact, portable, easy-to-use surface roughness measurement
instrument equipped with extensive measurement and analysis
features. The 2.4-inch color graphic LCD provides excellent
readability also includes a back light for improved visibility in
dark environments. The Surftest SJ-210 can be operated easily
using the buttons on the front of the unit and under the sliding
cover. Up to 10 measurement conditions and one measured
profile can be stored in the internal memory. An optional
memory card can also be used as an extended memory to store
large quantities of measured profiles and conditions. Access to
each feature can be password-protected, which prevents
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unintended operations and allows you to protect your settings.
The display interface supports 16 languages, which can be
freely switched. In addition to calculation results, the Surftest
SJ-210 can display sectional calculation results and assessed
profiles, load curves, and amplitude distribution curves.
Surface roughness is tested before machining and after
machining of specimen are compared.

Fig.11 Surface Roughness tester with (a) Graph and (b) Value
3.7 Tensile Test

A universal testing machine (UTM), as shown in Fig. 12,
also known as auniversal tester, materials testing
machine or materials test frame, is used to test the tensile
strength and compressive strength of materials.

Fig. 12 Universal Testing Machine ; Fig. 13 Specimen Line Diagram
3.7.1 Specimen Preparation for tensile testing

The T6 heat treated pure and composite specimens were
prepared as per ASTM E 8/E 8M-08 standard by using
Automatic lathe machine to suit for tensile testing as shown in
Figures 13 to 15.

Fig: 14 Tensile Specimen preparation ; Fig: 15 Finished Tensile Specimen
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4. EXPERIMENTATION

4.1 Synthesis of composites

Small pieces of Al 2024 matrix material are loaded one by
one in to the melting chamber of Stir casting machine and
allowed the metal to heat till 790°C and simultaneously SiC
of 50 um (2.5 & 5 % by Weight) particles are preheated to
300°C to remove moisture and to enable free flow of particles
through feeding unit into the furnace.

Fig.16 Al 2024-SiC Composite (a) Liquid metal pouring into dies (b)
Solidified composite in the dies bars (c) Composite casting taken from
the dies (d) Finished composite castings

After complete melting of Al 2024 pieces in the furnace,
stirrer is allowed to rotate at a speed of 400 rpm and SiC
particles are fed into it slowly. By trial and error method,
experiments are conducted and stirring time is optimized to 5
minutes. Gas welding torch is used to preheat permanent
mould to 200°C prior to pour molten metal into it. Preheated
permanent mould is kept carefully near to the bottom
opening of furnace and allowed molten metal to rush into the
mould by operating control panel. The mould is then allowed
to cool naturally to reach room temperature. Permanent
mould is opened and specimens are verified for defects any
present and on ensuring defect free specimens they are
cleaned and separated from each other. The synthesized Al
2024-SiC Composite bars are as shown in Fig.16
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4.2 Heat Treatment of the composite specimen

Specimens are subjected to Heat treatment (T6) to
increase their mechanical properties and also to remove
residual stresses present if any [13] and polished with coarse
and fine grade emery papers respectively over their cross
section.

5. RESULTS AND DISCUSSIONS
5.1 Hardness Analysis

To understand the affect of SiC addition to the Al 2024, the
hardness is found, which is a pointer of a material’s resistance
to plastic deformation. Detailed results are shown in Table 4
and Figure 17, which indicates that hardness is increasing with
addition of reinforcement. The SiC particles high melting
temperature, high hardness and resistance to wear and
corrosion leads to increase of hardness when it is mixed with
Al 2024,

Table 4. Hardness of Al 2024-SiC Composites

Sample No. Specimen Hardness HV
1 Al 2024 pure alloy 55
Al 2024 -2.5%
2 SiC Composite 61
—50 i
3 Al 2024 -5 % SiC 74

Composite

Hardness HV

BO
70
60
50
40
30
20
10

Hardnessin HY

Al2024 pure alloy Al2024-25%3SIC

Composite

Sample Details

Al 2024 -5 % 5iC
Compasite

Fig. 17 Hardness of Al 2024-SiC Composites in HV

4.3 Microstructure Studies

The microstructure of fracture was carried out to make out
microstructural ~ degradations  after  machinability  for
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Al2024/SiC metal matrix composites for different percentage
of reinforcements. Fractures were observed for Al2024/SiC
composites, shown in Figurel8. Most of the SiC particles
concentrations were observed in the fractured areas for all the
percentage of reinforcements.

a - b - c
Fig. 18 Microstructure images of (a0 Al 2024 (b) Al 2024 - 2.5% SiC
Composite (¢) Al 2024 - 5% SiC Composite

4.4 Surface Roughness

The average surface roughness of composites for 0%, 2.5%
and 5% of SiC reinforcement before and after machining were
shown in table 5 and Fig. 19. The values showed that the
surface roughness values are decreased after machining.

Surface Roughness of Al 2024-SiC Composites

3.500

3.000
2.500

Al2024 alloy Al2024 - 2.5% SiC Al2024 - 5%SiC Composite
Composite

2.000
1.500
Type of Material

1.000
0.500
0.000

£
3
v
v
1]
c
L
=]
3
0
o
=1]
>
<

B Avg. Roughness (um) - Before Machining m Avg. Roughness (um) - After Machining

Fig. 19 Surface Roughness of Al 2024-SiC Composites

4.6 Tensile Testing

The tensile test process involves placing the test specimen
in the testing machine and slowly extending it until it fractures.
During this process, the elongation of the gauge section is
recorded against the applied force. Repeated the procedure for
other specimen of pure Al 2024, Al 2024 - 2.5% SiC, Al 2024 -
5% SiC composites. The results are shown in table 6.
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Table 6. Tensile Test results of Al 2024-SiC Composites
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hin
EN/mm

e lengt
r{d2) in 3
mm hgz)

lengt
by
in
mm

mm

mm

8.14 0.104

Chart Title

% of Elongation

% of Reductionin  Maximum force in KN Tensile strength in
area KN/mm2
A12024 alloy

AL2024 +2.5% SIC AL2024+ 5% sic

Fig. 20 Tensile testing values of Al 2024-SiC Composites

6. Conclusions
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and 3.03 um respectively. After machining these
materials, the surface roughness found as 0.251um,
1.538 um and 0.936 pum respectively. It shows that the
surface finish has been improved.

Tensile testing of alloy and composite specimens
were done and found that there is an increase of load
in composite material with 2.5% SiC and decrease of
load in composite material with 5% SiC, when
compared with alloy material.

Scope for Future work

As results shown improvement in hardness, there
may be much more chances for significant change in
other mechanical properties. Experimentation can be
extended to establish other mechanical properties like
wear, Fatigue, corrosion, Impact etc., at different wt
% reinforcement of SiC.

And other Reinforcement materials like B4C or
Carbon nanotubes may also be tested for present
work.
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Abstract:

Dispersions of nano-sized particles in traditional heat
transfer mediums in the pursuit of intensifying heat exchange
rate are recognized by the research community as an emerging
field. The astounding increase in the rate of heat transmission
has led to this theory. Large amounts of experimental data that
were published in the open literature were found to be widely
dispersed and inconsistent. This fact provides a clue that it is
important to comprehend the potential contributing
mechanisms resulting in the improved thermal characteristics
while safeguarding the dispersion stability. Therefore, this
study places special emphasis on the microscopic mechanisms
that contribute to the stability of nanofluid dispersion by
preventing pointless agglomeration.

1. INTRODUCTION

Technological progress in renewable energy conservation
techniques, heavy duty power production systems, latest
electro mechanical systems and transportation sectors have
led to adverse increase in thermal loads. Miniaturization of
electronic systems has been demanded by the emergence of
nanotechnology. Hence dealing with the heavy thermal
loads in rapidly growing industrialization poses challenges
to the research community. Conventional heat exchange
media such as water, EG, PG, engine oil, transformer oil is
failing to address the loads due to the hindrance in their
thermos-physical characteristics. As part of the efforts in
order to get rid of the drawbacks offered by conventional
heat transfer fluids, Avtar Singh Ahuja. have proposed the
technique of suspension of micro/millimeter sized metallic
particles with better thermal conductivity [1]. But
suspension of micro-sized particles has led to various
complications such as surface erosion, flow passage
clogging, particle sinking, and drop in flow pressure which
ultimately declared them as inappropriate candidates for
heat transfer augmentation. Stephen Masuda et al [2]
proposed the dispersion of nano sized metallic particles with
the purpose of enhancing thermal conductivity while
keeping the pumping power lower side. Direct evaporation
of metallic nanoparticles into base fluid leads to
corresponding improvement in conductance capacity of
nano fluids with comparatively smaller concentrations as
compared to that of oxide-based coolants [3]. Succeeding
research reported that the nano fluids possess improved
thermal conductance capacity with very low volume
concentration of particle suspension. Such enhancement
majorly relies upon the geometry of the suspended particle,
dimension of the particle, as well as the volume fraction of
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dispersion and thermal characteristics. Dispersing a small
concentration  of  nanoparticles increases  thermal
conductivity of suspension over base fluids [4,5]. Nano
particles may be produced via various routes namely
mechanical disintegration, gas condensation and chemical
precipitation technique. Gas condensation is reported to be
beneficial compared to others due clean and impure particle
generation. However, the tendency of agglomeration is
observed to be more by adopting this technique of nano
particle synthesis [5]. Exotic application of nano fluids can
be visualized in the medical sector by the way of optimal
nano drug targeting and prosthetic curative devices. This
signifies the role of nano fluids as the best choice in health
care, thermal management and other related industrial
applications.

2. PROSPECTIVE MECHANISMS CAUSING THE
ENHANCEMENT OF HEAT CONDUCTION IN
NANOFLUIDS:

According to the available literature, the apparent principles
of exchange of heat in solid composite materials are not
valid for the case of nanofluids. Based on that reasoning we
attempted to look at a comprehensive list of the parameters
that could be causing the theory's inadequacy. Initially, we
considered the possibility that the enhancement in thermal
conductivity would be caused by Brownian motion of the
particles. Subsequently, we looked at how molecular
stacking of the liquid at the liquid/particle interface might
lead to an increase in thermal conductivity. Third, we look
into the ways in which heat is transferred within nanoscale
structures as well as the applicability of the macroscopic
theory of diffusive heat transmission in both solid and liquid
media. Finally, we examine the consequences of
nanoparticle clustering both through the formation of direct
solid-solid routes and through potential liquid-mediated
clustering effects that may exist up to a small interparticle
distance. From the present study we will be able to reduce
the number of potential explanations for the exceptional
improvement of heat transmission in nanofluids.

A. Brownian motion:

Brownian movement is the process in which atoms and
molecules in a fluid (liquid or gas) are carried along by the
fast-moving atoms or molecules in that fluid. Due to the fact
that it involves the haphazard movement of suspended solid
particles in a liquid or gas, it is also known as Brownian
motion. [7]. As a result of the fluids' tiny particle size,
motions caused by stochastic (Brownian) and inter-particle
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forces can result in additional energy transport. Particle
motion causes micro convection, which improves heat
transfer. Most of the effective thermal conductivity models
presume that the particles are immobile when the fluids are
not moving in bulk, which is the case when the particle is
large. Microscopic forces can be significant in nano particle
fluid mixtures [8]. A nanometer-sized particle is subject to
the Vander Waals force, electrostatic force brought in at the
particle surface by the electric double layer, stochastic force
resulting in Brownian motion of the particles, and
hydrodynamic force. The combined effect of these forces
causes and influences the mobility of fluids and particles.
[9]. It is worth noting that the stochastic and electrostatic
forces are only significant for ultra-fine particles, although
the Van der Waals force is strong when the particles are
close to one another. There is consequently a connection
between particle size and effective heat conductivity. The
chemical characteristics of the particle surface and the fluid
that is hosting the particles, distribution of the particle size,
as well as the arrangement of the particle system all have a
significant impact on these forces, making it difficult to
calculate them correctly. There hasn't been any quantitative
study on the increased heat transmission brought on by the
motion these forces cause at the microscopic level.[10].
Some of the forces producing the random motion of the
nanoparticles suspended in a base liquid include the
London-Van der Waals force, Stokes' drag force, and the
Langevin force, which has a random function of time and
reflects the atomic structure of the medium.[11]. It is
unknown precisely how this random motion influences the
energy transit through nanofluids and their morphology. The
colliding suspended nanoparticles may cause particle
aggregation, which may lead to cluster formation.
Numerous internal forces exist between base fluid and
nanoparticle contact surfaces, as well as between
nanoparticles, particles, and clusters., as well as interactions
between clusters, influence the cluster formation. The size
of created clusters may be constrained by diffusion effects
[12]. According to research by Keblinski and his team that
examined a range of heat transfer mechanisms, the
mechanism of heat transmission in nanofluids is
significantly quicker than Brownian diffusion in the fluid,
even at the limits of extremely small particles. However, it
was suggested that Brownian motion would have an impact
on particle clustering, which would lead to the creation of
routes with lower thermal resistance and, as a result, boost
heat transfer in nanofluids. Despite the fact that Brownian
motion is too slow to move a significant quantity of heat, it
may speed up the mixing and clustering of fluids, which
might enhance thermal transport. [13].

B. Molecular layering of liquids:

In contrast, the layering of the liquid at the solid contact is
an interface effect that may enhance heat conductivity due
to the layer's significantly more ordered atomic structure
than the bulk liquid's. Higher thermal conductivity would be
anticipated as a result of such liquid layering at the interface
given that liquids exhibit far worse thermal transport than
clearly ordered crystalline solids, which are much more
common [14]. The layering at the interface is greatly
influenced by the characteristics of all other species that can
inhabit that area including the co-ions, like small amounts of
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leftover water. This is not just true of the counter-ions.
Layering creates repulsion, and this repulsion is dependent
on hoth the configuration and the makeup of the chemical
family that each species belongs to. Thus, minute
adjustments can change the interaction's balance from
repellent to attractive, converting the nanoparticle structure
from scattered to tiny clumps [15]. By virtue of their
potential localization at the charged solid-liquid interface,
the nature of counter-ions first injected into the
nanoparticles—which may differ from those of the ionic
liquid—is another crucial critical feature. As a result, they
alter the dispersion state in the layers at the contact.
Variating these localized counterions makes solids and ionic
liquids compatible because it is not always simple to change
the solid oxide surface's bare charge density by
experimentation. When charged polymers are placed on the
nanoparticles, their structural surface charge increases,
adding to their repulsion and increasing their structural
surface charge. Surprisingly, ionic liquid arrangement on the
surface of charged nanoparticles produces a higher repulsion
than the steric repulsive contribution of the polymer, which
is necessary to obtain stable dispersions. All species
characteristics that allow them to be found at interfaces,
including the co-ions and counterions, as well as all other
species that can do so, has a significant impact on the
layering at the interface. This layering-induced repellency is
influenced by the geometry and chemical makeup of all the
species' chemical groups [15]. The thickness of the solvation
layers on two particles or particle aggregates with different
radii but the same temperature may be the same or smaller
for the bigger radii particles or aggregates. In order to
significantly improve heat conductivity and colloidal
stability, the solvation layer thickness to radius ratio keeps
decreasing as particle or aggregate size increases. The
contributing parameters are liquid layers formed on the
nanoparticle surfaces and also the solvation forces.
Hydrophilic colloidal particles introduce more ordered
liquid layers on the surface of the solids than those in the
bulk of the solvent system. Associated with the liquid bulk,
these layers have a higher thermal conductivity. This is true
when water and hydrophilic nanoparticles come into
contact. [16]. The hydrodynamic size of the particles gets
increased when ordered layers are placed over the
nanoparticles, which is expected to enhance the fluid flow
resistance. Glycol molecules are stacked on the surface of
metal oxide-based nanofluids, which enhances thermal
conductivity, especially at lower temperatures. This
qualifies metal oxide-based nanofluids as viable options for
use in low temperature cooling systems. [17]. For example,
the phenomenon of particle layering and the development of
in-layer crystal like structures offer a novel colloid stability
mechanism for macro dispersions like foams and emulsions.
Particle layering in a genuine foam was reported to be
produced using a solution of 20 vol. percent silica particles
with a diameter of 19 nm. It is important for practical
reasons that foams and emulsions with stratifying (or
layering) films have a significantly longer lifespan. The
dispersion is more substantial as a result.[18]. The thickness
of the layering depends on how well the solid and liquid are
bonded. Numerous aspects, including flow and viscosity,
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are significantly impacted by these structural modifications
in the liquid structure.[19].

C. Diffusive heat transport:

The particle-like characteristics of phonons have been
examined, but this discussion can also be extended to the
wave-like characteristics. Till date no conclusive way
available to describe the regime of transfer of heat in
nanostructures, not even by designating a dominant mean
free path of phonons. Numerous investigations have found
that low frequency phonons with lengthy mean free paths
contribute significantly to phenomena because phonons can
propagate over a wide range of frequency, velocity, and
mean free paths [20]. The argument that ballistic phonon
transport is better than diffusion phonon transport fails since
both phonon transport techniques result in the similar rate of
boundary conduction for heat transfer in liquids since the
temperature inside the solid particle would never
change.[21]. With respect to developing laminar flow of
Al;Os-water nanofluid with relative motion emerging from
Brownian and thermophoretic diffusion, Farias Alvario et al.
evaluated the effect of heat flux over heat transfer
coefficient. It was discovered that the former establishes a
concentration gradient, which in turn impacts the latter's
ability to balance the heat flux. It was observed that the heat
transfer coefficient rises whereas the thermal conductivity
falls as a result of thermophoretic diffusion [22]. The
particle fluxes connected to thermophoresis and Brownian
diffusion possess in the order of 10°° and 10, respectively.
In this way, it may be inferred that the thermophoresis,
which has a greater impact on particle movement than
Brownian diffusion, should not be disregarded [23]. The
most significant processes of particle migration are
thermophoresis and Brownian diffusion, whereas the
gradient of viscosity and also non-uniform shear rate have
no appreciable influence; Significantly, thermophoresis
increases the nonuniformity of the concentration distribution
leads to shrinking of the concentration near the walls, which
alters the spatially effective thermo-physical properties of
the nanofluids, particularly the thermal conductivity and
viscosity because they strongly depend on particle
concentrations. The boundary layer may thin close to the
wall due to a reduced effective viscosity, increasing the
velocity of the nanofluid there as a result. Furthermore, the
movement of nanoparticles may alter the formation of the
boundary layer, which may alter the flow and convective
heat transfer coefficient of nanofluids [24].

D. Nanopartic clustering:

The interactions between the particles are essential for the
production of nanoparticle clusters from pre-formed
nanoparticles. Rapid aggregation happens when there is a
very appealing interaction potential (more than 10 kT). As a
result, fractal, disordered clusters with kinetically locked
structures is produced. [25]. Since heat may transfer very
quickly within these clusters, the effective volume fraction
of the highly conductive phase (Vp in the HC theory) is
greater than the solid's actual volume. The effect of
clustering is the higher effective volume of highly
conducting clusters caused by their greater thermal
conductivity as a result of their cluster's packing fraction
(ratio of the volume of the solid particles in the cluster to the
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total effective volume of the cluster) [26]. The problem of
magnetic nanoparticle aggregation needs to be resolved
because it has a lot of negative effects. The extent of the
exposed specific surface area is first abruptly reduced by the
clumping of particles. As a result, another difficulty is the
agglomerates' sedimentation from their suspension.[27]. In
contrast to diffusive heat transfer, nanoparticles transfer heat
in a ballistic fashion. Thermal conductivity enhancement
suffered because of the particle clustering. Clusters that are
more loosely packed have larger thermal conductivity
enhancements than clusters that are more tightly packed
[13]. Nanoparticle clustering may produce diminishing
thermal resistance channels in the suspension. Despite that,
clustering may cause solids to clump together, which in turn
results in the particles settling down and reducing the
suspension's conductivity [28]. After reviewing effective
media theories and the conventional percolation theory,
McLach et al. investigated the impact of particle clustering
on the electrical conductivity of a composite medium and
proposed a generalized effective medium equation
combining percolation and Bruggeman's effective media
theories. They came to the conclusion that a quantitative
mechanism for assessing actual experimental data on
electrical resistivity of composite media was provided by
the general effective media equation.[29]. According to the
idea of surface free energy, the level of supersaturation and
the molar volume of the nucleus affect both the rate of
molecular clustering and its thermodynamics. In actuality,
solute molecules keep forming clusters until the Gibbs free
energy is zero. The Gibbs free energy has an inverse
relationship with the supersaturation level. So, when
supersaturation grows, solutions become thermodynamically
unstable and start to crystallize as clusters [30]. Changing
the electric charges on the nanoparticle surface and in the
medium can control and induce the phenomenon of
clustering [31].

4. CONCLUSIONS

In this study, authors have taken into account a number of
potential mechanisms that could explain the significant
enhancement in stability of the nano suspensions. This study
will give researchers the necessary direction to investigate
the heat transport mechanisms in nanofluids because the
thermal characteristics of nanofluids are a current topic of
active research. Major conclusions of the survey can be
presented as follows:

1. There is a connection between particle size and effective
heat conductivity. Particle motion causes micro convection,
which improves heat transfer. Most of the effective thermal
conductivity models presume that the particles are
immobile. Microscopic forces can be significant in nano
particle fluid mixtures. These forces produce the random
motion of nanoparticles suspended in a base fluid. This
motion may speed up the mixing and clustering of fluids,
which could lead to better thermal transport routes.

2. An interface phenomenon that could improve heat
conductivity is layering of the liquid at the solid contact.
The traits of all other species, including the co-ions, that can
live there have a big impact on the layering at the interface.
The configuration and constitution of each species affect the
repulsion that is produced by layering. The liquid layers on
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the surface of the solids that are introduced by hydrophilic
colloidal particles are more organized than those in the
system as a whole. The use of metal oxide-based nanofluids
in low temperature cooling systems is thus made possible.
For macro dispersions like emulsions, the particle stacking
phenomenon offers a novel colloid stability mechanism.

3. Phonons can propagate over a wide range of frequency,
velocity, and mean free paths. Most significant processes of
particle migration are thermophoresis and Brownian
diffusion. Gradients of viscosity and non-uniform shear rate
have no appreciable influence on particle movement.

4. The effect of clustering is the higher effective volume of
highly conducting clusters from pre-formed nanoparticles.
Clusters that are more loosely packed have larger thermal
conductivity enhancements. McLach et al. investigated the
impact of particle clustering on the electrical conductivity of
a composite medium.

3. FUTURE RESEARCH:

In recent years, researchers have focused on the
thermophysical properties of nanofluids. There has been a
lot of research done on the use of nanofluids in various
applications for process optimization and energy efficiency.
As stated in the previous section, very little research has
been conducted on the details of the nanoparticles'
molecular level interactions with the base fluid molecules,
which remain unknown. These forces are also discovered to
play an important role in maintaining dispersion stability.
This finding opens up new directions for future research.
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ABSTRACT:

The cam shaft and its associated parts control the opening
and closing of the two valves. The associated parts are push rods,
rocker arms, valve springs and tappets. It consists of a cylindrical rod
running over the length of the cylinder bank with a number of oblong
lobes protruding from it, one for each valve. The cam lobes force the
valves open by pressing on the valve, or on some intermediate
mechanism as they rotate. This shaft also provides the drive to the
ignition system.

The camshaft is driven by the crankshaft through timing
gears cams are made as integral parts of the camshaft and are
designed in such a way to open and close the valves at the correct
timing and to keep them open for the necessary duration. A common
example is the camshaft of an automobile, which takes the rotary
motion of the engine and translates it in to the reciprocating motion
necessary to operate the intake and exhaust valves of the cylinders.

In this work, a camshaft is designed for multi cylinder
engine and 3D-model of the camshaft is created using modeling
software pro/Engineer. The modeled in creo is imported in to
ANSYS. After completing the element properties, meshing and
constraints the loads are applied on camshaft for three different
materials namely aluminium alloy, forged steel and cast iron to
determine the displacement, equivalent stress of the cam shaft. After
taking the results of static analysis, the model analysis and harmonic
analysis are done one by one.

1. INTRODUCTION

A cam is a rotating or sliding piece in a mechanical linkage
used especially in transforming rotary motion into linear
motion or vice versa. It is often a part of a rotating wheel (e.g.
an eccentric wheel) or shaft (e.g. a cylinder with an irregular
shape) that strikes a lever at one or more points on its circular
path. The cam can be a simple tooth, as is used to deliver
pulses of power to a steam hammer, for example, or an
eccentric disc or other shape that produces a smooth
reciprocating (back and forth) motion in the follower, which is
a lever making contact with the cam.

OVERVIEW

The cam can be seen as a device that translates from circular
to reciprocating (or sometimes oscillating) motion. A common
example is the camshaft of an automobile, which takes the
rotary motion of the engine and translates it into the
reciprocating motion necessary to operate the intake and
exhaust valves of the cylinders.

The opposite operation, translation of reciprocating motion to
circular motion, is done by a crank. An example is the
crankshaft of a car, which takes the reciprocating motion of
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the pistons and translates it into the rotary motion necessary to
operate the wheels.

Cams can also be viewed as information-storing and -
transmitting devices. Examples are the cam-drums that direct
the notes of a music box or the movements of a screw
machine's various tools and chucks. The information stored
and transmitted by the cam is the answer to the question,
"What actions should happen, and when?" (Even an
automotive camshaft essentially answers that question,
although the music box cam is a still-better example in
illustrating this concept.)

Certain cams can be characterized by their displacement
diagrams, which reflect the changing position a roller follower
would make as the cam rotates about an axis. These diagrams
relate angular position to the radial displacement experienced
at that position. Several key terms are relevant in such a
construction of plate cams: base circle, prime circle (with
radius equal to the sum of the follower radius and the base
circle radius), pitch curve which is the radial curve traced out
by applying the radial displacements away from the prime
circle across all angles, and the lobe separation angle (LSA -
the angle between two adjacent intake and exhaust cam
lobes). Displacement diagrams are traditionally presented as
graphs with non-negative values. A camshaft is a shaft to
which a cam is fastened or of which a cam forms an integral
part.

2. LITERATURE SURVEY

CAMSHAFT CONFIGURATION

Single Overhead Cam

This arrangement denotes an engine with one cam per head.
So if it is an inline 4-cylinder or inline 6-cylinder engine, it
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will have one cam; if it is a V-6 or V-8, it will have two cams
(one for each head).

The cam actuates rocker arms that press down on the valves,
opening them. Springs return the valves to their closed
position. These springs have to be very strong because at high
engine speeds, the valves are pushed down very quickly, and
it is the springs that keep the valves in contact with the rocker
arms. If the springs were not strong enough, the valves might
come away from the rocker arms and snap back. This is an
undesirable situation that would result in extra wear on the
cams and rocker arms.

On single and double overhead cam engines, the cams are
driven by the crankshaft, via either a belt or chain called the
timing belt or timing chain. These belts and chains need to
be replaced or adjusted at regular intervals. If a timing belt
breaks, the cam will stop spinning and the piston could hit the
open valves.

ey

Double Overead Cam

A double overhead cam engine has two cams per head. So
inline engines have two cams, and V engines have four.
Usually, double overhead cams are used on engines with four
or more valves per cylinder -- a single camshaft simply cannot
fit enough cam lobes to actuate all of those valves.

The main reason to use double overhead cams is to
allow for more intake and exhaust valves. More valves means
that intake and exhaust gases can flow more freely because
there are more openings for them to flow through. This
increases the power of the engine.

The final configuration we'll go into in this article is the
pushrod engine.

Pushrod Engines
Like SOHC and DOHC engines, the valves in a pushrod
engine are located in the head, above the cylinder. The key
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difference is that the camshaft on a pushrod engine is inside
the engine block, rather than in the head.

The cam actuates long rods that go up through the block and
into the head to move the rockers. These long rods add mass
to the system, which increases the load on the valve springs.
This can limit the speed of pushrod engines; the overhead
camshaft, which eliminates the pushrod from the system, is
one of the engine technologies that made higher engine speeds
possible.

The camshaft in a pushrod engine is often driven by gears or a
short chain. Gear-drives are generally less prone to breakage
than belt drives, which are often found in overhead cam
engines.

DESIGN CALCULATIONS
PRESSURE CALCULATIONS
Bore x stroke(mm) = 57 x 58.6
Displacement =149.5CC
Maximum power = 13.8bhp @8500rpm
Maximum torque = 13.4Nm @ 6000 rpm
Compression ratio =9.35/1
Density of petrol CgHyg = 737.22 2 at 60F
=0.00073722 kg/cm®
=0.00000073722 kg/mm?

T = 60F =288.855K =15.55°C
Mass = density X volume

m = 0.00000073722x 149500

m = 0.11kg

Molecular cut for petrol 144.2285 g/mole
PV =mRT

p= m_RT _0.11x8.3143x288.555 2639

0.11422x0.0001495 _ 0.00001707

v
P = 15454538.533 j/m® = n/m?
P =15.454 N/mm?

DESIGN OF CAMSHAFT

The cam is forged as one piece with the camshaft

The diameter of camshaft

D! = 0.16Xcylinder bore+12.7D* = 0.16X57+12.7=21.82mm

The base circle diameter is about 4mm greater than camshaft
diameter

Base circle diameter = 21.82+3 = 24.82mm = 25mm

Width of camshaft



Proceedings of ICETMEIA-2K22

w! = 0.09Xcylinder bore+6

W1 =0.09X57+6 = 11.13mm

OA = minimum radius of camshaft + (1/2 *diameter of roller)
=12.5+ (1/2%41) = 33mm

2. MATERIALS AND METHODS

e Forged steel

e Castiron

e Aluminum alloy

INTRODUCTION TO CAD

Computer-aided design (CAD) is the use of computer systems
(or workstations) to aid in the creation, modification, analysis,
or optimization of a design. CAD software is used to increase
the productivity of the designer, improve the quality of
design, improve communications through documentation, and
to create a database for manufacturing. CAD output is often in
the form of electronic files for print, machining, or other
manufacturing operations. The term CADD (for Computer
Aided Design and Drafting) is also used.

Its use in designing electronic systems is known as electronic
design automation, or EDA. In mechanical design it is known
as mechanical design automation (MDA) or computer-aided
drafting (CAD), which includes the process of creating a
technical drawing with the use of computer software. CAD
may be used to design curves and figures in two-dimensional
(2D) space; or curves, surfaces, and solids in three-
dimensional (3D) space.

CAD is an important industrial art extensively used in many
applications, including automotive, shipbuilding, and
aerospace industries, industrial and architectural design,
prosthetics, and many more. CAD is also widely used to
produce computer animation for special effects in movies,
advertising and technical manuals, often called DCC digital
content creation. The modern ubiquity and power of
computers means that even perfume bottles and shampoo
dispensers are designed using techniques unheard of by
engineers of the 1960s. Because of its enormous economic
importance, CAD has been a major driving force for research
in computational geometry, computer graphics (both hardware
and software), and discrete differential geometry.

INTRODUCTION TO CREO

PTC CREO, formerly known as Pro/ENGINEER, is 3D
modeling software used in mechanical engineering, design,
manufacturing, and in CAD drafting service firms. It was one
of the first 3D CAD modeling applications that used a rule-
based parametric system. Using parameters, dimensions and
features to capture the behavior of the product, it can optimize
the development product as well as the design itself.

The name was changed in 2010 from Pro/ENGINEER
Wildfire to CREO. It was announced by the company who
developed it, Parametric Technology Company (PTC), during
the launch of its suite of design products that includes
applications such as assembly modeling, 2D orthographic
views for technical drawing, finite element analysis and more.
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PTC CREO says it can offer a more efficient design
experience than other modeling software because of its unique
features including the integration of parametric and direct
modeling in one platform. The complete suite of applications
spans the spectrum of product development, giving
designers options to use in each step of the process. The
software also has a more user friendly interface that
provides a better experience for designers. It also has
collaborative capacities that make it easy to share designs and
make changes.

PTC also offers comprehensive training on how to use the
software. This can save businesses by eliminating the need to
hire new employees. Their training program is available
online and in-person, but materials are available to access
anytime.

A unique feature is that the software is available in 10
languages. PTC knows they have people from all over the
world using their software, so they offer it in multiple
languages so nearly anyone who wants to use it is able to do
SO.

3D MODEL OFCAM SHAFT

IN JEAMSHAFTTTTTTTTTTT

2D MODEL
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INTRODUCTION TO FEA
Finite element analysis is a method of solving, usually
approximately, certain problems in engineering and science. It
is used mainly for problems for which no exact solution,
expressible in some mathematical form, is available. As such,
it is a numerical rather than an analytical method. Methods of
this type are needed because analytical methods cannot cope
with the real, complicated problems that are met with in
engineering. For example, engineering strength of materials or
the mathematical theory of elasticity can be used to calculate
analytically the stresses and strains in a bent beam, but neither
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will be very successful in finding out what is happening in
part of a car suspension system during cornering.

One of the first applications of FEA was, indeed, to find the
stresses and strains in engineering components under load.
FEA, when applied to any realistic model of an engineering
component, requires an enormous amount of computation and
the development of the method has depended on the
availability of suitable digital computers for it to run on. The
method is now applied to problems involving a wide range of
phenomena, including vibrations, heat conduction, fluid
mechanics and electrostatics, and a wide range of material
properties, such as linear-elastic (Hookean) behavior and
behavior involving deviation from Hooke's law (for example,
plasticity or rubber-elasticity).

INTRODUCTION TO ANSYS
Structural Analysis
ANSYS Autodyn is computer simulation tool for simulating
the response of materials to short duration severe loadings
from impact, high pressure or explosions.

ANSYS Mechanical

ANSYS Mechanical is a finite element analysis tool for
structural analysis, including linear, nonlinear and dynamic
studies. This computer simulation product provides finite
elements to model behavior, and supports material models and
equation solvers for a wide range of mechanical design
problems. ANSYS Mechanical also includes thermal analysis
and coupled-physics capabilities involving acoustics,
piezoelectric, thermal—structural and thermo-electric analysis.

FLUID FLOW

The ANSYS/FLOTRAN CFD (Computational Fluid
Dynamics) offers comprehensive equipment for studying -
dimensional and 3-dimensional fluid go with the flow fields.
ANSYS is able to modeling a sizable variety of analysis sorts
such as: airfoils for pressure analysis of plane wings (elevate
and drag), drift in supersonic nozzles, and complicated, three-
dimensional waft styles in a pipe bend. In addition,
ANSYS/FLOTRAN may be used to carry out obligations
together with:

*Calculating the gasoline pressure
distributions in an engine exhaust manifold
*Studying the thermal stratification and breakup in piping
systems

*Using drift blending research to evaluate ability for thermal
surprise

*Doing herbal convection analyses to evaluate the thermal
performance of chips in digital enclosures

*Conducting warmness exchanger research related
exceptional fluids separated by using strong regions

and temperature

to

INTRODUCTION TO CFD
Computational fluid dynamics, commonly abbreviated as
CFD, is a department of fluid mechanics that makes use of
numerical strategies and algorithms to clear up and analyze
problems that involve fluid flows. Computers are used to
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carry out the calculations required to simulate the interplay of
beverages and gases with surfaces described by boundary
conditions. With high-pace supercomputers, higher solutions
can be performed. Ongoing research yields software that
improves the accuracy and speed of complex simulation
scenarios together with transonic or turbulent flows. Initial
experimental validation of such software program is executed
using a wind tunnel with the very last validation coming in
complete-scale testing, e.g. Flight assessments.

STATIC ANALYSIS OF CAM SHAFT
MATERIALS - FORGED STEEL

Young’s modulus = 205000mpa
Poisson’s ratio = 0.3
Density = 7850kg/mm?

Save creo Model as .iges format

——Ansys — Workbench— Select analysis system — static
structural — double click

——Select geometry — right click — import geometry —
select browse —open part — ok

—— Select mesh on work bench — right click —edit

Double click on geometry — select MSBR — edit material —

Imported Model from CREO

Geometry
28/2018 .00 PM

mhﬁmﬁ

0.00 500.00
250.00

1000.00 (mm)
750.00

Select mesh on left side part tree — right click — generate
mesh —
Meshed Model

0.00 500.00
25000

1000.00 (mrm)

750,00

Select static structural right click — insert — select rotational
velocity and fixed support — Select displacement — select
required area — click on apply — put X,Y,Z component zero
-
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1000.00 (mm)

Select force — select required area — click on apply — enter
rotational velocity

Select solution right click — solve —

Solution right click — insert — deformation — total —
Solution right click — insert — strain — equivalent (von-
mises) —

Solution right click — insert — stress — equivalent (von-
mises) —

Right click on deformation — evaluate all result

TOTAL DEFORMATION

1600.00 (ram)

VON-MISES STRESS

1000.00 (mem)

VON-MISES STRAIN

1600.80 (mem)

MATERIALS - CAST IRON
TOTAL DEFORMATION
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0.08 500.00 1000.00 (mm)

2050 FETH)
— —

VON-MISES STRESS

1000.00 (mm)

VON-MISES STRAIN

0.00 500.00
25000
—

1000.00 ()
750,00
—

MATERIALS - ALUMINUM ALLOY
TOTAL DEFORMATION

0.00 $00.00
25090
—

1000.00 (mem)
750.00
—

VON-MISES STRESS

1000.00 (mm)
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VON-MISES STRAIN

A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: L

8/2/2018 9:13 PM

0.00327 Max
00029108
] o0ossyr
L] 02102
Ll oootszae
I T
H oootst
Ll o.oorssor
Rl 0.00039675
3.759e-5 Min

0.00 500.00 1000.00 (mm)
T — )
i L

HARMONIC ANALYSIS OF CAMSHAFT
MATERIALS - FORGED STEEL
STRESS FREQUENCY RESPONSE

F
%Z]S
S0
1
T o 7
=Elﬂlf by
540
4 13 3 375e+ 3 3 3 IS¢
Frequency (Ha)
h d
g\lé!'
L
B -
] a3 5S¢ 37563 3 5¢ 3 3
2
H Frequency (Hi)

u M’H) X 0 0 0
MATERIALS - CAST IRON
STRESS FREQUENCY RESPONSE
|
1 253 3 SE;LMW(MEJ(—:‘ 1583 BI%e-3
EL: 3 25843 3Te3 5843 6253 5843 875e-3
g Frequency (Ha)

PHASE RESPONSE
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— Ouiput ——— Displacement ——— Pz

MATERIALS - ALUMINUM ALLOY
STRESS FREQUENCY RESPONSE

LEEBRBRE

Amplitude (MPa)
ERE B

523 S 3

Frequency [He)

Phase Angla

583 a3 756-3

Frequency (Ha)

PHASE RESPONSE

I P 30 . 0 0
MODAL ANALYSIS OF CAM SHAFT
TOTAL DEFORMATION 1
_
‘Total Deformation
Type: Total Deformation
m”ﬁ"lﬁ
T
. 20165

TOTAL DEFORMATION 2
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2318
L5829
079144
0Min

0.00 500.00 1000.00 (mm)
250.00 150.00

MATERIALS - ALUMINUM ALLOY

TOTAL DEFORMATION 1

0.00 500.00 1000.00 (mm)
250,00 150.00

MATERIALS - CAST IRON

0.8 500.00 1800.00 (enen)
T — )

TOTAL DEFORMATION 1 =0 o

0.00 500.00 1000.00 (mm)
250.00 750.00

0.00 500.00 1000.00 (mm)
25000 5080

TOTAL DEFORMATION 2
TOTAL DEFORMATION 3

0.08 500.09 1000.00 (mem)

250.00 750.00

TOTAL DEFORMATION 3

RESULTS TABLE

STATIC ANALYSIS RESULTS
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Material Deformation Stress (N/mm?) Strain
(mm)
Forged steel 1.268 235.25 0.0011976
Cast iron 2.3145 240.44 0.002219
Aluminum alloy 3.5479 227.69 0.00327

MODEL ANALYSIS RESULTS

Deformation]
(mm)

Material Deformation 3

(mm)

Deformation 2
(mum)

Frequency

(Hz)
3.0247 23378

Frequency

(Hz)

236.27

Frequency

(Hz)
648.98

Forged 29848 6.8222

steel

3.1567 197.66 3.1099

5.037

Cast iron 198.02 7123 30641

Aluminum 5.0966 25733 257.91 11486 643.67

alloy

GRAPHS
Deformation (mm)
4
2 _74
=== Deformati
0 o y on (mm)
b: \".‘ -\.-'
<<0&% Cz;’ ?3\)@
Stress (N/mm?2)
250
240 -W
22 & | =—#—Stress
220 y y (N/mm2)
b,‘ X N
Qo&% 0‘, V\\\'&
Strain
0.004
0.002 744
0 : : ==@==Strain
b‘.‘ \'..‘ ~\..‘
onog' Cg, V\O(Q

3. CONCLUSION

The camshaft is driven by the crankshaft through
timing gears cams are made as integral parts of the camshaft
and are designed in such a way to open and close the valves at
the correct timing and to keep them open for the necessary
duration. A common example is the camshaft of an
automobile, which takes the rotary motion of the engine and
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translates it in to the reciprocating motion necessary to
operate the intake and exhaust valves of the cylinders.

By observing the static analysis the stress values are
less for aluminum alloy compare with forged steel and cast
iron.

By observing the modal analysis the deformation and
frequency values are more for aluminum alloy.

So it can be conclude the aluminum alloy is better
material for cam shaft.

REFERENCES

1. H. Tada, P. C. Paris and G.R. Irwin, "The Stress Analysis of
Cracks Handbook", Del Research Corporation, Hellertown, Penna.
(1973).

2. D.E Rooke and D.J. Cartwright, "Compendium of Stress Intensity
Factors", Her Majesty's Stationery Office, London (1976).

3. G.C. Sih, "Handbook of Stress Intensity Factors”, Institute of
Fracture and Solid Mechanics, Lehigh University (1973).

4. E.E. Gdoutos," Fracture Mechanics: An Introduction”, Springer,
2005.

5. Gdoutos, E.E.,"Fracture Mechanics Criteria and Applications"”,
Kluwer Academic Publishers,(1990).

6. Murakami, Y. (ed.) ,"Stress Intemity Factors Handbook",
Pergamon Press. (1987).

7. Majid Mirzaei, "Fracture Mechanics: Theory and Applications",
Dept. of Mechanical Eng., TMU,
http://www.modares.ac.ir/eng/mmirzaei.

8. W.D. Pilkey, "Formulas for Stress, Strain, and Structural
Matrices", John Wiley and Sons, 2005.



Proceedings of ICETMEIA-2K22

ISBN: 978-93-91420-07-9

Design and Fabrication of Multi-Purpose
Operations Machine of Drilling, sawing,
grinding and Cutting
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Abstract— In an industry a considerable portion of
investment is being made for machinery Installation , So in
this project we have a proposed a machine which can perform
operations like Drilling, Sawing, Grinding and cutting ,these
are some operations at different working centres
simultaneously, which implies that industrialist has not to pay
for machine performing above tasks individually for
operation. Multi- Purpose Machine as we call it is a machine
that is made especially for the small scale industries, where
there is lack of high investment. This Project present the
concept of Multi-Function Operating Machine mainly carried
out for production based industries. We have developed a
conceptual model of a machine which would be machined, we
are actually giving drive by using robust high capacity motor
to the main shaft, On the main shaft a bevel gear system is
used for power transmission along with four shafts to which
“scotch yoke mechanism” is directly attached for one shaft,
scotch yoke mechanism is used for sawing operation. Before
starting our work we have undergone through many research
papers which indicates that for a production based industries
machine installation is a tricky task as many factor being
associated with it such as power consumption (electricity bill
per machine), maintenance cost, no. of units produced per
machine i.e. capacity of machine, time consumption and many
more.

Keywords: Drilling, Sawing, Grinding and cutting, bevel

gear system, scotch yoke mechanism.

INTRODUCTION

Multi-operation machine as a research area is
motivated by questions that arise in industrial
Manufacturing, production planning, and computer
control. Consider a large automotive garage with
specialized shops. A car may require the following work
like replace exhaust system, align wheels and tune up.
These three tasks may be carried out in any order.
However, since the exhaust system, alignment and tune-up
shops are in different buildings, it is impossible to perform
two tasks for a car simultaneously. When there are many
cars requiring services at the three shops, it is desirable to
construct a service schedule that takes the least amount of
total time.

Industries are basically meant for Production of useful
goods and services at low production cost, machinery cost
and low inventory cost. Today in this world every task have
been made quicker and fast due to technology advancement
but this advancement also demands huge investments and
expenditure, every industry desires to make high
productivity rate maintaining the quality and standard of
the product at low average cost.

Economics of manufacturing: According to some
economists, manufacturing is a wealth-producing sector of
an economy, whereas a service sector tends to be wealth-
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consuming. Emerging technologies have provided some
new growth in advanced manufacturing employment
opportunities in the Manufacturing Belt in the United
States. Manufacturing provides important material support
for national infrastructure and for nationaldefence.

Before starting our work we have undergone through many
research papers which indicates that for a production based
industries machine installation is a tricky task as many
factor being associated with it such as power consumption
(electricity bill per machine), maintenance cost, no of units
produced per machine i.e. capacity of machine, time
consumption and many more.

Model of The Machine:

Fig:1 Example of model of the machine

Actual model:

Figure 2: Actual d'I' .

Operations Performed by the Machine:
Drilling, Hack saw cutting, Grinding, Wheel cutting

LITERATURE SURVEY

Rather long re-investment cycles of about 15 years have
created the notion that innovation in the machine tool
industry happens incrementally. But looking at its recent
history, the integration of digital controls technology and
computers into machine tools has hit the industry in three
waves of technology shocks. Most companies
underestimated the impact of this new technology. This
article gives an overview of the history of the machine tool
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industry since numerical controls were invented and
introduced and analyzes the disruptive character of this
new technology on the market. About 100 interviews were
conducted with decision-makers and industry experts who
witnessed the development of the industry over the last
forty years. The study establishes a connection between
radical technological change, industry structure, and
competitive environment. It reveals a number of important
occurrences and interrelations that have so far gone
unnoticed. Recent trends in the machine tool technologies
are surveyed from the viewpoints of high speed and high
performance machine tools, combined multifunctional
machine tools, ultra precision machine tools and advanced
and intelligent control technologies.

The crisis is over, but selling machinery remains a tough
business. Machine tools nowadays have to be veritable
“jack of all trades”, able to handle all kinds of materials, to
manage without any process materials as far as possible,
and be capable of adapting to new job profiles with
maximized flexibility. Two highly respected experts on
machining and forming from Dortmund and Chemnitz
report on what’s in store for machine tool manufacturers
and users.

MODEL & DESIGNING

COMPONENTS DESIGNED FOR THIS MACHINE:

Frame, Scotch yoke mechanism, Bevel gears, Motor,
Radial bearings and cups, Shafts, Grinding wheel, Wheel
cutter, Drill chuck and bit, Clamp.
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Fig 7: Designed part of crank and stud of scotch yoke mechanism
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Fig 6: Final structure of frame

Design of scotch yoke mechanism:

Outside Diameter of crank - 150mm
Inside diameter of Crank :25mm
Thickness of the crank : 20mm
Diameter of the stud : 24mm
Hnei'ght _pf the stud :40mm

Fig 8: Designed part of yoke and connecting rod of scotch
yoke mechanism

Inner diameter of yoke : 25mm
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Outer diameter of yoke : 50mm
Thickness of yoke :12.5mm0
Height of yoke :25mm
Diameter of shaft at yoke :25mm

Length of the shaft at yoke
both sides

2.5 feet or 762mm at

Design of main bevel gear
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Fig 9: Designed part of main bevel gear

Outside diameter of the gear: 90mm
Inside diameter of the gear: 55mm

Height of gear  : 18 mm
Height of the hub : 40mm
No of teeth 16

Design of sub bevel gears:
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Fig 10: Designed part of sub bevel gear

Outside diameter of the gear: 56mm
Inside diameter of the gear: 35mm

Height of gear  : 18 mm
Height of the hub : 40mm
No of teeth 10

Design of motor:
Height of the body : 177mm
Outside diameter of body : 160mm
Length of the motor shaft : 60mm

Fig 11: Design of motor:

Design of radial bearing and cup:
Length of the radial bearing: 13mm
Internal diameter of radial bearing: 30mm
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External diameter of radial bearing: 55mm

ABEEE 5 @ sAES

Distance of ball from the centre: 21.25mm
Diameter of the ball in the bearing: 8mm
Internal diameter of cup  : 55mm
External diameter of cup: 60mm
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Fig 12: Designed part of radial bearing and cup
Design of shaft:

Diameter of the shaft: 24mm
Length of the shaftl and3 “:600mm
Length of the shaft2 and4:350mm
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Fig 13: Designed part of second and fourth shaft

Design of the grinding wheel:

Internal diameter of grinding wheel : 22mm
External diameter of grinding wheel: 150mm
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Thickness of grinding wheel
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Fig 14: Designed part of grinding wheel

Design of wheel cutter:

Diameter of the wheel: 150mm
Thickness of the wheel: 5mm
No of teeth: 60
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Fig 15: Designed part wheel cutter

Design of drill chuck:

Length of the drill chuck: 150mm
Length of the drill bit: 50mm

Outer diameter of drill chuck: 80mm
No of teeth on the chuck: 25

No of jaws: 3
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Fig 16: Outer shell of drill chuck

Drill chuck and Bit:

Length of the drill chuck : 150mm
Length of the drill bit: 50mm
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Outer diameter of drill chuck: 80mm
No of teeth on the chuck: 25
No of jaws: 3
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Fig 19: Designed part of drill chuck

Design of hack saw fitted to yoke:
Length of hack saw: 300mm
Height hack saw : 150mm
Diameter of inner ring: 45mm
Diameter of outer ring: 50mm
Blade length : 140mm

No blade teeth 130

Thickness of blade: 3mm

Design of clamp:

Internal diameter of the clamp
External diameter of the clamp
Total height of the clamp : 27mm
Length of the clamp : 70mm

1 25mm
:30mm
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RESULT
By using this machine we can do operation at one
place we can reduce the time consumption as well as power
this is well suited for the small scale industries as well as
large scale industries. And another advantage that this
machine have is, it can perform single operation as well as
multi operation at one time.

Photos taken during the operation:

Fig 27: Drilling operation on wood

CONCLUSION

We can see that all the production based industries
wanted low production cost and high work rate which is
possible through the utilization of multi-function operating
machine which will less power as well as less time, since
this machine provides working at different centre it really
reduced the time consumption up to appreciable limit.

In an industry a considerable portion of investment
is being made for machinery installation. So in this paper we
have proposed a machine which can perform operations like
drilling, sawing, grinding at different working centers
simultaneously which implies that industrialist have not to
pay for machine performing above tasks individually for
operating operation simultaneously.

This project has wide range of scope in the small
scale industries. In coming future, this type of lightweight
and potable machine will be implemented in every small and
large scale industries. This type of machine can be used
anyone due to its simplicity of working and doing wide
range of operation. n be used by anyone due to its
simplicity of working anddoing wide range of operations
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Preparation of Al/Brass Composite (MMC) By
Using Stir Casting Technique and Its
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Abstract— A new composite material is prepared with
aluminum as base metal and Brass as reinforcement which is
particulate reinforced composite type material. Aluminum
composite has been prepared in a view to enhance strength,
ductility, effective transfer of load. Al-Brass composite is
prepared through stir casting technique at 2, 4 & 6 wt % .The
mechanical behaviour of composite is studied in terms of
hardness and the microstructure was observed with optical
metallurgical microscope. The mechanical properties of the
composites are examined by conducting tests like compression
test, tensile test and hardness test to understand the
relationship between the weight percentages of reinforcement
on the mechanical characteristics of the manufactured AMCs.
This work divulges that the addition of reinforcement
increases the mechanical properties like tensile strength,
Vickers hardness and decrease in compressive strength.

1. Introduction

Composite materials are widely accepted all over the world
due to the excellent properties such as wear resistance,
specific strength & stiffness. Metal Matrix Composites
(MMCs) have been used in many applications due to its
modulus, hardness properties and high strength .Various
engine parts can be made of MMCs with aluminum as a
base metal due to its chemical composition of Al matrix
different mechanical properties can be obtained. Aluminum
matrix composites (AMC) are considered to meet the
requirements of various industries. General reinforcing
elements used in AMCs are silicon carbide, Al203 etc.
Metal matrix composites (MMC) refer to materials
consisting of a ductile metal or alloy matrix in which some
sized reinforcement material is implanted. These materials
combine metal and ceramic features, i.e., ductility and
toughness with high strength and modulus. Thus, metal
matrix composites are suitable for production of materials
with high strength in shear/compression processes and high
service temperature capabilities. They show an
extraordinary potential for application in many areas, such
as aerospace, automotive industries and other Metal Matrix
composites include Al/ Al203, Al/SiC, Fe-Cr/ AI203, Ni/
Al203, Co/Cr, Fe/MgO, AI/CNT, Mg/CNT etc.. They have
been developed in recent years. Metal Matrix Composites
have emerged 15 as a class of material capable of advanced
structural, aerospace, automotive, electronic, thermal
management and wear applications. A composite material
is a material consisting of two or more physically and or
chemically distinct phases. The composite generally has
superior characteristics than those of each of the individual
components. Usually, the reinforcing component is
distributed in the continuous or matrix component. When
the matrix is a metal, the composite is termed a metal
matrix composite (MMC).
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Stir casting is currently the most popular commercial
method of producing aluminium based composites.
Fabrication of aluminum and its alloys based casting
composite materials via stir casting is one of the prominent
and economical technique for development and processing
of MMCs and widely used for applications that require high
production volumes and low cost. Stir casting is suitable for
manufacturing composites with up to 30% volume fractions
of reinforcement allows for the use of conventional metal
processing methods with the addition of an appropriate
stirring system such as mechanical stirring; ultrasonic or
electromagnetic stirring; or centrifugal force stirring, to
achieve proper mixing of reinforcement into melt which
depends on material properties and process parameters

2. Materials and Methods

In the present investigation Aluminium was used as a
matrix material. The main application of Aluminium is in
aircraft industry in producing numerous elements in the
construction of aircrafts, and to make intricate shapes and
patterns of aircraft industry. Aluminium is most widely
used due its low weight, density, machinability, workability
and can be rolled, forged and extruded easily. Individually
Aluminium shows poor stiffness and tribological properties.
Hence if the Aluminium matrix is combined with other
elements, required properties can be obtained. The chemical
composition of the matrix material is as follows. Al-99.77;
Cu-0.005; Fe-0.095; Mg-0.005; Mn-0.011; Si-0.083; Ni-
0.015; Zzn-0.013;

Reinforcement material

The brass is used as reinforcement in this project due to its
applications includes its excellent corrosive resistance, and
its joining, polishing and finishing characteristics. The
presence of Aluminum makes brass extremely resistance to
many kinds of moisture such as heat exchangers and
condensers.

3. Experimental Details

In this project composites are prepared using stir casting
technique. In this technique reinforcement (Brass)
particulates were dispersed in pure aluminum matrix with
2%, 4% and 6% weight fractions. The aluminum was
melted in vertical melt furnace at 660C. By using rotating
impeller which runs at 400rpm at good vortex is created at
the middle of the melt. Mean while the brass reinforcement
is preheated to 3000C. when the melt reaches to 7000C
preheated particles are added at good vortex. After 90
seconds of stirring time, melt was poured into the preheated
mould. These ingots are homogenized by keeping them in
heat treatment furnace at 1000C for 24 hours.
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S.no R‘I:ie;rf%err;arl]gq]znclf Hardness value
1 0 21
2 2 76
3 4 89
Fig 1: Stir Casting Equipment Tensile test

A tensile test, otherwise known as strain test, exposes the
specimen to a controlled strain until the scientific
investigation of the materials fails. The results from the
experiments are often used to select material applications,
quality control and foresee how the material will respond
under different loads.

Tensile strength of composites at room temperature was
determined using computerized Universal test machine
(400KN) with an electronic extensive meter as per ASTM
standards online plotting of load Vs extension was done
continuously through a data acquisition system.

Table: 2 Tensile testing machine parameters

S.No Item Description
Fig 2: Muffle furmace 1 Make Mechatronic control
system
2 Model MECH C.S/UTE 40
3 Maximum Capacity 400KN
Clearance for tensile test at
4 fully descended working 50 — 700 mm
piston
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Fig 3: Ingots in die

Fig 4: Al-Brass - 2%
Hardness test

Hardness test were carried on Vickers hardness test by
taking 0.5 kg load. Hardness value was finalized by taking
average of six reading for each sample.

Table: 1 Vickers Hardness values of different weight
fractions.

Fig 5: Al-Brass - 4%

110




Proceedings of ICETMEIA-2K22

Fig 6: Al-Brass - 6%

4. RESULTS AND DISCUSSIONS

Metallographic studies

Optical metallurgical microscope was taken to observe the
microstructures of the various samples used in this
investigation. The optical microstructures of the fabricated
aluminum matrix composites with different weight % of
brass reinforcement are shown in fig 7 a, b and c. The
microstructures reveal that brass particles are uniformly
distributed in the aluminum matrix for 4 and 6 wt %. This
behaviour can be attributed to the effective stirring action
and the use of appropriate process parameters, in addition
to the greater wettability of the brass particles with the
aluminum composite. Figures 7a (100X), b (200X) shows
the microstructural images of composite material at 2%
reinforcement at various magnification.

Fig.7b 200X
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Figures 8a (100X), b (200X), ¢ (500X) shows the

microstructural images of composite material at 4%
reinforcement.

Fig8.a 100X

Fig.8b 200X
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The following figure 10 shows the effect of reinforcement
content on hardness of the composites. Hardness increases
with increase of amount of reinforcement contents.

Reinforcement Vs VH

120

100

80

60 M Reinforcement Vs VH
40

. M

0 2 4 6
Figures 9 a (100X), b (200X), ¢ (500X) shows the Fig 10. Hardness variation of composites

microstructural images of composite material at 6 %
reinforcement

Tensile studies

The tensile strength results of the Al-Brass composites of
reinforcement as 2%, 4% & 6% shown in figure. It is
observed that ultimate strength is increased by increasing
the percentage of brass particles in the composite. This is
due to better interfacial bonding between the matrix and
reinforcement which transverses and distributes the load
from the matrix to the reinforcement. Therefore the
reinforcement particle tends to bear the entire load that has
acted upon the matrix. The addition of brass particles in the
matrix induces much strength to matrix composite by
offering more resistance to tensile stresses.

Ultimate tensile strength (MPa) vs Percentage of composition
200

150

100

50

Ultimate tensile strength (MPa)

0 2 4 6

Percentage of composition

Fig:11 Comparison between Ultimate tensile strength &
Percentage of composition

Pure aluminium had ultimate tensile strength of 60MPa and
elongation percentage of 30% during increase in weight
. percentage of reinforcement as 2%, 4% & 6%. Ultimate
Fig9.b 100X . .
strength was increase but elongation percentage had
increased.

Hardness studies
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5. CONCLUSIONS

In the present study the aim is to prepare MMC with help of
stir casting process and its characterization. For this pure Al
is selected as matrix phase while brass particles (2, 4 and 6
wt. %) act as reinforcement with help of stir casting
process. We had successfully manufactured composites and
the following results were observed.

In  Vickers hardness testthe hardness of the
composites increases with increase in brass content
compared with the matrix. The maximum hardness
attained at 6% in the fabricated composites.

The tensile strength of the composites increases with
increase in reinforcement content compared with the
matrix. The maximum compressive strength attained
at 6% brass in the fabricated composites.

The micro structures reveal that brass particles are
uniformly distributed in the aluminum matrix for 4
and 6 wt %. This behaviour can be attributed to the
effective stirring action and the use of appropriate
process parameters, in addition to the greater
wettability of the brass particles with the aluminum
composite.
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Abstract: This project reports on the optimization of
turning process on all geared lathe by the effects of machining
parameters applying Taguchi methods to improve the quality
of manufactured goods, and engineering development of
designs for studying variations. The main objective of today's
manufacturing industries is to produce the products with low
cost and high quality. In order to change the quality of
machining products selection of optimal machining parameters
plays an important role. Aluminum 8011 alloy is used as the
work piece material and digital Lathe tool dynamometer with
computer interface via LAB VIEW based software for
calculating cutting forces in three directions for carrying out
the experimentation to optimize the Material Removal Rate
and the Surface Roughness. There are three machining
parameters i.e.., Spindle speed, Feed rate, Depth of cut. Nine
experiments are done by varying all the parameters.

Taguchi method forces are the importance of studying in
minimization of quality characteristic variation due to
uncontrollable parameter. The surface roughness was considered as
the quality Optimum value of each parameter will be obtained. The
analysis also shows that the predicted values and calculated values
are very close. This indicates that the developed model can be used
to predict the surface roughness in the turning operation of
Aluminum 8011 alloy. Or Abstract. (Abstract)

1. INTRODUCTION

Aluminium resists the kind of progressive oxidization
that causes steel to rust away. The exposed surface of
aluminum combines with oxygen to form an inert aluminum
oxide film only a few ten-millionths of an inch thick, which
blocks further oxidation. And, unlike iron rust, the aluminum
oxide film does not flake off to expose a fresh surface to
further oxidation. If the protective layer of aluminum is
scratched, it will instantly reseal itself.

Cast and wrought alloy nomenclatures have been
developed. The Aluminum Association system is most
widely recognized in the United States. Their alloy
identification system employs different nomenclatures for
wrought and cast alloys, but divides alloys into families for
simplification. For wrought alloys a four-digit system is used
to produce a list of wrought composition families as follows:
The thin oxide layer itself clings tightly to the metal and is
colorless and transparent—invisible to the naked eye. The
discoloration and flaking of iron and steel rust do not occur
on aluminum

It is conve nient to divide aluminum alloys into two
major categories: wrought compositions and cast
compositions. A further differentiation for each category is
based on the primary mechanism of property development.
Many alloys respond to thermal treatment based on phase
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solubilities. These treatments include solution heat treatment,
quenching, and precipitation, or age, hardening. For either
casting or wrought alloys, such alloys are described as heat
treatable. A large number of other wrought compositions rely
instead on work hardening through mechanical reduction,
usually in combination with various annealing procedures for
property development. These alloys are referred to as work
hardening. Some casting alloys are essentially not heat
treatable and are used only in as-cast or in thermally
modified conditions unrelated to solution or precipitation
effects..

S. S Abhutakeer P.V Mohanram G. Mohan Kumar [1] In
this paper, Experiments were conducted on CNC lathe using
CCGT-0930FL carbide turning insert, machining variables
such as cutting tool vibration in tangential and axial direction
were measured in CNC machining processes based on the
vibration signal collected through a Lab VIEW data
acquisition system and controlled by using Viscoelastic
material (VEM) neoprene. The effect of cutting parameters
such as cutting speed, depth of cut and feed rate on
machining variables is evaluated. The testing result showed
that the developed method was successful.

Julie and Joseph [2] have been trying to demonstrate tool
condition monitoring approach in an end-milling operation
based on the vibration signal collected through a low-cost,
microcontroller-based data acquisition system.

Marlon C. Battery and Hamid R. Hamidzadeh [3] has
done analytical and experimental vibration analyses for a
lathe system to detect the possibility of faults and to develop
an accurate cuttinglprocess.the vibration signatures were
analyzed to determine cause of inaccuracy in the
manufacturing process and faulty components. Problem
causing components for several case studies (different speeds
feed rate and tool lengths) were identified.

Kirby and Chen [4] the researchers determine mean
amplitude of vibration using accelerations in both directions
along the axis. There have been many investigations on
vibration prediction and controlling based on periodic
measurements of various machining conditions using
accelerometer and active vibration controller.

S. Saravanan, G.S. Yadava and P.V. Rao [5] In this
study, critical subsystems and components have been
identified for lathes using failure data. The application of
condition monitoring techniques like vibration, acoustic
emission (AE) and surface roughness monitoring have been
successfully implemented for diagnosing faulty bearings in a
lathe. they were concluded that Headstock subsystem is
critical because it faces a longer downtime and frequent
failures of components like spindle bearings and gears for
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defective bearing conditions, overall vibration levels at
headstock spindle beatings are higher than those in defect
free lathes. This increase in vibration level is much greater at
higher feed and depth of cut values. For defective beating
conditions, significant peaks at the beating fault frequencies
are observed. Larger sized contamination particles increase
surface waviness considerably. As a result, the vibration
level increased considerably at larger particle sizes. AE
levels show an increasing trend with an increase in feed rate
and depth of cut. For defective bearing conditions, AE levels
are higher than those measured under healthy conditions.
The increase in AE levels is much greater for higher values
of feed and depth of cut. For defective bearing condition,
surface roughness value increases sharply.

Robert X. Gao [6] Extensive research over the past
decade has turned neural networks into an indispensable tool
for solving a wide range of problems in both scientific labs
and on the factory floor. In the specific areas of machine
condition monitoring, fault diagnosis, and remaining service
life prognosis, neural networks will play an increasingly
important role, and its ability will be continually enhanced
through other innovative and complementary technologies.
Research is continuing in the author's group, with the
ultimate goal to develop effective and efficient bearing
condition monitoring and diagnostic techniques that can be
applied to solving real world problems.

Amit R Patel [7] in this paper Test rig for vibration
monitoring of bearing have been designed. The design of test
rig includes design of Shaft, Bearing selection, pedestal
selection, motor selection, and base preparation. A 3-D
model have been developed using Pro-engineer modeling
software. The vibration signals generated by the
healthy/faulty bearing can be captured by the accelerometer
mounted on the test bearing. The analysis of the vibration
signal is useful for the condition monitoring of rolling
Element bearings.

Surt Reddy Dr. S. P. Gupta, Dr. Vinod Kumar [8], in this
paper a remote condition monitoring system has been
developed using Lab VIEW. This developed system enables
the transfer of the digital data simultaneously from the plant
location to the several remotely placed control stations
through internet or any other transmission networks like
LAN, WAN e.tc. Particular attention has been paid to the
wavelet analysis of the vibration signal for demonstrating the
condition monitoring of the induction motor. The developed
system has been tested for the bearing fault identification of
the Laboratory test motor. A key feature of this work is the
development of the sophisticated GUI at the server and the
client locations thus facilitating the operators at both the ends
with not only customized and user friendly but also efficient
remote condition monitoring system.

Grey relational method extensively used in multiple
objective optimization problems [8 &9]. The detailed
procedure of the GRA optimization is discussed here. The
foremost step is the evaluation of S/N ratio from the
experimental data starting from 0 to 1.

2. GRE RELATIONAL ANALYSIS APPROACH

Then after Grey relation Normalization, Grey relational
coefficient (GRC) and resolve of Grey relational grade
(GRG) are to be evaluated. The experimental data is used to
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estimate the grey relation normalization smaller-is-better
criterion is given by equation (1).

W (k) — miny; (k)
"~ (max y; (k) — miny; (k))

x;: (k)

SIN ratio larger-is-better criterion is applied for
work piece displacement by equation (2)

(max v k- min v; (ki (2)

where x_i (k) is the value after Grey relational
generation, min y_i (k) is the smallest value of y_i (k)for the
kth response, and max [ y) _i (k) is the largest value of y_i

(k) for the kth response. After normalizing the new order, the
resulting step is to find out the Grey relational coefficiente i

(K).
(k) =

x (k) = Bk

Amint dmax
ﬂlni':l'i:'+'lﬂﬂlmn':

©)

where A oi=lx o (k)-x i (k)l = change of entire value
xo(k) and xi(k); ¢ is individual coefficient. Grey relational is
the average response of each grey relational coefficient. Grey
relational grade yi can be estimated by eq (4) and is given
below.

1
¥i = ;EE=LE|":R] 4)
n stands for the number of process response.

D.Vishnu Vardhan Reddy (2016) [9], The Taguchi
technique and Genetic algorithm (GA) for predicting the
responses of turning operation on CNC lathe machine for
EN219steel. The number of experiments has been carried out
using Taguchi’s orthogonal array in the design of
experiments (DOE). The cutting parameters are spindle
speed, feed rate and depth of cut. The Analysis of Variance
(ANOVA) and Signal-to-Noise ratio were used to study the
performance characteristics in turning operation. The
accurate mathematical model has been developed using
genetic algorithm. The research showed acceptable
prediction results for the developed model.

TABLE I. input Process parameters values

input Qutput
S.NO. | SPEED | FEED | DOF CF MRR SR
1 315 0.002 0.2 24237 | 0.0134 | 2.2880
2 315 0.003 0.4 42137 | 0.0285 | 2.2856
3 315 0.004 0.6 8.0463 | 0.0663 | 2.9063
4 775 0.002 0.4 3.0622 | 0.0663 | 1.5346
5 775 0.003 0.6 6.9265 | 0.2101 | 3.5620
6 775 0.004 0.2 4.2646 | 0.0750 | 4.3636
7 1200 0.002 0.6 | 15.0742 | 0.3875 | 2.8330
8 1200 0.003 0.2 43426 | 0.1851 | 1.7216
9 1200 0.004 0.4 | 13.3500 | 0.4415 | 2.1740
TABLE Il. S/N Ratio values
S/IN RATIO

S.NO. CF MRR SR

1 7.689 -37.458 -7.189

2 12.493 -30.903 -7.180

3 18.112 -23.570 -9.267
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4 9.721 -23.570 -3.720
5 16.810 -13.551 -11.034
6 12.598 -22.499 -12.797
7 23.565 -8.235 -9.045
8 12.755 -14.652 -4.719
9 22.510 -7.101 -6.745

TABLE Il1. Grey relational coefficient values

GRC
CF MRR SR GRG Rank
1.000 1.000 0.447 0.816 1
0.623 0.698 0.447 0.589 3
0.432 0.522 0.562 0.506 6
0.796 0.522 0.333 0.551 4
0.465 0.388 0.720 0.525 5
0.618 0.504 1.000 0.707 2
0.333 0.342 0.547 0.408 8
0.610 0.400 0.360 0.457 7
0.349 0.333 0.429 0.370 9

TABLE IV ANOVA ANALYSIS
Source | DF Adj Adj F- P- % Contribution
SS MS Value | Value

SPEED | 2 | 1.328 | 0.6638 | 0.72 | 0582 20.550

FEED | 2 | 1.347 | 06735 | 0.73 | 0578 20.850
DOF | 2 | 1.94 | 09699 | 1.05 | 0.488 30.026
Error 2 1.846 | 0.9229 28.571
Total | 8 | 6.46 | 3.2301 100

. CONCLUSIONS

The influence of process parameters (speed, feed and
depth of cut ) on the plain turning process is numerically
analyzed in this work. The AA 8011 material is machined,
and the responses are cutting force, material removal rate,
surface roughness and amplitude. Initially, the influence of
process parameters is investigated separately. Then, using
Grey relation analysis, multi objective optimization is
performed. The proposed ANOVA model describes the
effect of plain turning process parameters on output
responses. In this present work it was observed that
vibration of amplitude increases in speed and feed rate. The
material removal rate increases when the amplitude of tool
increases. Cutting force and material removal rate increase
as process parameters are increased and surface roughness
and amplitude decreases with the increase of process
parameters The productivity (MRR) is highly influenced by
speed followed by feed and depth of cut in pure Aluminum
composition. Speed is most significant factor for quality of
the surface (SR) as well as the power consumption(CF) in
pure Aluminum alloy
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Abstract—Hybrid composites were synthesized using A7075
reinforced with Fly ash (FA), and Silicon Carbide (SiC) with
weight fractions of 1%, 3%, and 5% by the process of stir casting
technique. Further, the developed 3% of metal matrix hybrid
composite was performed under dry conditions by using a pin on
the disc tribometer (TR-201). Experiments were conducted based
on the plan of experiments generated through Taguchi’s
technique. A L9 Orthogonal array was selected for analysis of the
data. The investigation is to find the effect of applied load, sliding
speed and sliding distance on wear rate and Coefficient of
Friction (CoF) of the hybrid A7075-FA-Sic composite and to
determine the optimal parameters for obtaining minimum wear
rate and CoF. In the present work wear parameters have been
optimized using Taguchi technique to obtain better tribological
properties in the produced A7075- FA- SiC hybrid metal matrix
composite and generated the regression equation for wear rate
and CoF.

1. INTRODUCTION

Composites have wide variety of application in aerospace,
defense and it in automotive industries because of its unique
properties such as high specific strength, wear resistance,
strength-to-weight, strength-to-cost, etc. [1-3]. As a result,
many of the current applications for HMMCs are widely in the
field of aerospace and automobile components. Aluminium
matrix is reinforced with ceramic particles like Al203, B4C,
SiC, TiB2, etc, which increases the mechanical properties of
the resulting composite materials by dispersion strengthening
mechanism. Arunkumar and Swamy [4] reinforced the Al6061
matrix with varying percentage of fly ash and e-glass fibers,
and concluded that the tensile properties, compressive strength
and hardness of hybrid metal matrix composite increased with
increasing fly ash content. Dhanalakshmi et al. [5] have found
that the increasing the reinforcement percentage in the hybrid
Al7075- Al203- B4C composite increases the tensile strength
and hardness of matrix. S Dhanalakshmi et al [6] made an
attempt to study the influence of wear parameters using L27
orthogonal array. Al7075 alloy was reinforced with Al,O3 and
B.C particle reinforcement varied from 3 to 15 wt% in steps of
3. ANOVA results show that load has the highest influence
followed by sliding speed and distance, both on wear rate and
coefficient of friction. R Ranjith et al [7] outcomes exposed
that the coefficient of friction decreases with upsurge in
percentage reinforcement and increases with applied load, and
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sliding distance. Liu [8] studied the arrangement of the Al4C3
stage was effectively maintained a strategic distance by the
inclusion of the FA in SiCp. The composites strengthened
with rice husk debris displays better tribological properties [9—
10].

2. METHODS AND MATERIALS

The Hybrid Aluminium Metal Matrix Composites
(HAMMCs) are produced through Stir casting method.
Aluminium alloy A7075 is used as the matrix material and its
chemical composition is shown in Table 1. Fly ash (FA) and
Silicon Carbide (Sic) particles of 53um and 3% weight was
used as reinforcement fabricated by the stir casting process.

Table01: Chemical composition of A7075 in wt %

Elem|Zn|Cu Si Cr Mn |Fe|Pb [Sn [Ti |Al

ents
\Wit%

Mg

5.11.22.1 0.40.18 0.3 |0.50.03 [0.01 |0.2|Rest

The composite was produced by stir casting as shown in
Figure 1. Small sized ingots are loaded into a crucible made of
graphite and placed in an electric furnace in which the melting
was performed. The melt temperature is maintained above
770°C to compensate the heat loss during the pouring
operation. The reinforcement materials are preheated to more
than 200°C and the mold is preheated to 300°C to reduce the
temperature gradient. To ensure continuous and smooth flow
of the particles proper care should be taken to avoid the
agglomeration. The inert gas shielding should be maintained
throughout to avoid the oxidation as the casting is exposed to
the atmosphere during the stirring time approximately 2 to 3
minutes.

Figure 1: Stir casting

3. DRY SLIDING WEAR TEST
Pin-on-disc wear test machine was used to study the wear
behavior of the specimen according to ASTM standard. The
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EN31 steel was used as the counter disc. The wear test pin

having dimension of 12 mm diameter and 25 mm long is
. . . S. Wear rate (um) CoF
prepared from the composites and held against the rotating No. v Y
steel counter disc during the test. Between each tests, the LN | (mis) | (m) |V SIN MV _ | SIN
H 1
counter disc and the samples are thoroughly cleaned to remove 20 o5 | 150 | 126 | 420074 | 018 | 14.8045
any wear debris attached to the disc or sample. The weight of 2
the sample before and after the test is measured using s 300 |9 | -89.2758 | 0125 | 18.0618
weighing balance. Design of experiments technique enables us 20 15 450 | 118 | -41.4376 | 0.293 | 10.6626
; . - 7
to carry out modeling and analy§|s of the influence of process 20 05 300 | 88 | 388897 | 026 | 117005
variables on the response variables. The wear parameters 5
chosen for the experiment are Load (L), speed (S) and distance - 30 L 450 |84 | -384856 | 0.29 | 10752
(D). The process parameters and their levels are shown in 30 15 150 | 285 | -49.0969 | 0.296 | 10.5742
7
Table 2. 40 0.5 450 182 -45.2014 0.31 10.1728
8
4. PLAN OF EXPER'MENTS 40 1 150 436 -52.7897 0.262 11.634
. . . 9
In the present investigation L9 orthogonal array was chosen. 40 15 300 | 287 | -49.1576 | 027 | 11.3727

The selection of Orthogonal array depends on three items in
order of priority, viz., the number of factors and their ~ Main effects plot and residual plot for wear and CoF were
interactions, number of levels for the factors and the desired  drawn using MINITAB software. Table 3 shows the measured
experimental resolution or cost limitations. (MV) and S/N values for Wear rate and CoF. Table 4 displays
the mean S/N ratio response for the wear rate. The wear rate
A total of 9 experiments were performed based on the run  was most significantly influenced by the load, which is placed
order generated by the Taguchi model. The objective of model  first, followed by distance and velocity. Figure 2 represents
is to minimize wear rate and coefficient of friction. The  the mean S/N ratio graph obtained in Minitab. From this graph
responses were tabulated and results were subjected to  noticed that the highest value was obtained load at 20 N,
Analysis of Variance (ANOVA). velocity at 0.5 m/s, and sliding distance 450 m. Thus, it can be
said the optimum process parameters were setup as L=20N,
The Signal to Noise (S/N) ratio, which condenses the multiple  V=0.5m/s and D=450m and values were marked in Table 4.
data points within a trial, depends on the type of characteristic ~ The optimum setup was marked as L1 - V1 — D3 for wear rate.
being evaluated. The S/N ratio for wear rate and coefficient of
friction is analyzed using ‘smaller the better’ characteristic. ~ The S/N ratio response table for the CoF is shown in Table 5.
The experimental observations are further transformed into  The CoF was most significantly influenced by the applied
Signal to Noise ratio. The response to be studied was the wear  load, which is ranked first, followed by distance and velocity.
rate and coefficient of friction with the objective as smaller the  Figure 3 represents the mean S/N ratio graph, noticed that the
better, which is calculated as logarithmic transformation of  highest value was obtained load at 20 N, sliding velocity at 1

loss function as shown below, m/s, and sliding distance 300 m. Finally, concluded that the
optimum process parameters were setup as L=20 N, V=1 m/s
S/N = —10log %Z(Yiz) (1) and D=300 m and values were marked in Table 5.
Table02: Input process parameters and their Levels o - a
Levels § e
Parameter Notation | 1 2 3 o
Load (N) A 20 30 40 "
Velocity (m/s) B 0.5 1.0 15 o S T
Distance (m) C 150 300 450 ) E!gurez. Mean S/N rath of weﬂif&rate
Wear rate (mm3) = Weight lossIng )

density in g/mm3
— © Frictional force in N
Coefficient of friction (CoF) = ———— — (3)

Normmal force in N

o v Figure3.
Mean S/N ratio of CoF
5. RESULTS AND DISCUSSIONS
Experiment was conducted to estimate the most influencing Table04: Mean S/N ratio response table for wear rate
parameters on wear and CoF at different levels. Table03: Sliding Sliding
Experiments and S/N ratios Level |Load;L(N) [Velocity;V(m/s) Distance;D(m)
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1 -40.91 -42.03 -47.97
2 -42.16 -43.52 -42.44
3 -49.05 -46.56 -41.71
Delta |8.14 453 6.26
Rank |1 3 2
Table05: Mean S/N ratio response table for CoF
Sliding Sliding
Level [Load;L(N) |Velocity;V(m/s) |Distance;D(m)
1 14.54 12.26 12.37
2 11.01 13.48 13.71
3 11.06 10.87 10.53
Delta |3.53 2.61 3.18
Rank |1 3 2

ANOVA is a statistical technique used to analyze the
outcomes of experiments. It was conducted for level of
confidence at 95%.ANOVA investigated order of influencing
parameters on wear rate and CoF. The results of wear rate
listed in Table 6 where as CoF listed in Table 7. From Table
6, observed that the load had the greatest influence on the wear
rate with value of P=0.009. From Table 7, observed that the
velocity had the greatest influence on the CoF with value of
P=0.443. ANOVA recognize that the load and velocity was
the outstanding parameter to influencing wear rate and CoF
respectively.

Table06:ANOVA for wear rate

Source T-Value |P-Value
Load (N) 4.18 0.009
Sliding Velocity (m/s) 2.16 0.083
Sliding Distance (m) -3.40 0.019
S=5555 R-Sq=87.1% R-Sq(adj) =79.3%
Table07: ANOVA for wear rate
Source T-Value |P-Value
Load (N) 1.86 0.121
Sliding Velocity (m/s) 0.83 0.443
Sliding Distance (m) 1.18 0.290

S$=0.05345 R-Sq=52.7% R-Sq(adj) = 24.3%

To create the predictive model equation for the wear rate and
CoF in the current study, linear regression analysis was done
using Minitab software. The dependent variables are wear rate,
and CoF and it has a function of load, velocity, and distance
respectively. The linear regression equation was as shown in
the Eqn. (4) for wear rate and Eqn. (5) for CoF of hybrid
composite respectively.

Wear rate (um) = - 39.5 + 9.48 Load + 98.0 Velocity - 0.514
Distance 4)

COF = 0.0440 + 0.00407 Load + 0.0363 Velocity +0.000172
Distance (5)
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The developed models were checked by using R? value.
Usually, it varies from zero to 100%. If this value is close to
100%, it gives a good fit between the variables. Therefore, the
developed linear regression model for wear rate has moderate
R?=87.1%, and for CoF has 52.7%.

Normal Probability Plot of the Residuals

(1esponse is Wea rate)

Normal Score

T T T
50 0 50

Residual
Normal Probability Plot of the Residuals
(response is COF)

Normal Score

210 005 000 005

Residual

Figure4: Residual plots for wear rate and CoF

The coefficients in the projected model were checked for
significance using the residual plot. If the residual plot is a
straight line, the model's residual errors are normally
distributed and the coefficients are significant. Figure 4 shown
the residual plots for wear rate and CoF and noticed that the
residuals shown around the straight line, which gives the
developed model was appreciable.

5. Conclusions

A7075 alloy reinforced with 3% wt. of FA and 3% wt. of SiC
particles was successfully fabricated by stir casting process
and tested for wear behaviour. The tribological results
indicated the following conclusions:

Taguchi method determined that, the optimum
combination of parameters to obtain the best tribological
characteristics were load, distance and velocity.
ANOVA results indicated that the load was the most
influencing parameter with a contribution of P=0.009 on
wear rate and P=0.443 on CoF.

A linear regression analysis developed the predictive
model equation for the wear rate and CoFof the hybrid
metal matrix composites.
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Abstract: PbO-Al03-B203 glasses were prepared by melt
gquenching method to study the optical and luminescence
properties. The analysis of optical intensities based on
absorption and luminescence spectra has been performed
under different constraints using Judd-Ofelt (JO) theory.
The JO intensity parameter has been used to predict the
radiative properties. Luminescence properties of Pr3+ ions
exhibit significant intensities of two emission transitions Po
— 3Hs, 3F3, Nd** doped glasses are expected to exhibit an
emission transition *Fa2—*l11/2, emission spectra of Sm3* ion,
the transitions, *Gs;2—>%Fg2 and *Gs;2—®Hgs2 occurring in the
near infrared and visible region respectively are also
identified as hypersensitive, these data revels that the
present glasses are useful for developing visible red lasers ae
well as optical display devices.

1. INTRODUCTION

The rare earth elements are f-block elements

with 4f'5s%5p8 as the outer most electronic configuration
when they are in the trivalent states. As mentioned earlier
the volume of the rare earth ions shrinks as we go from
the starting ion Ce®* to ending ion Yb3*; this shrinkage is
due to the imperfect shielding from the nuclear charge of
f-electrons. This shielding makes these ions to serve as
active centers for laser emission and have strong bearing
over the optical, electrical and mechanical properties. A
vast number of studies especially on optical properties of
various rare earth ions doped glasses are available in the
literature [1-10]. For the present study nine rare earth
ions viz., Pr¥*, Nd* and Sm®* have been chosen for the
doping in PbO-Al,03-B,03 glass matrix.
The optical characterization of the glasses, i.e., the study
of glass transparency, IR transmission performance and
their ability to accept rare earth ions as the luminescent
centers is essential for their use in glass laser technology.
During the last few years, a large variety of new inorganic
glasses have been developed and characterized [14-18].
However, most of these studies are restricted to alkali oxy
borate, alkali phosphate and silicate glasses. Lead
alumino borate glasses based B,Os glasses in particular
are advantageous as laser hosts in view of their optical
transparency over a wide range of wavelength;
transparency at shorter wavelengths of these glasses helps
in getting the optimum efficiency of optical pumping of
lasing ions whereas transparency in the high wavelength
region causes to give the maximum output intensity of the
laser radiation from these glasses. In addition, these
glasses possess a very lower rate of crystallization, high
transparency, non-toxicity and resistant to moisture. It is
therefore felt worth to investigate their optical properties
after incorporating certain rare earth ions in them.
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This paper reports about the systematic investigation of
PbO-Al,03-B,03 glasses doped with rare earth oxides
(where Ln® = Pr¥, Nd*, Sm®") have been carried out on
these glasses for optical properties such as absorption and
photoluminescence at room temperature.

2. EXPERIMENTAL METHOD:

The composition of present study is 19 PbO-
5A|203-75 B,0s-1 Ln,O3 (where Ln3+ = Pr3*, Nd3+,
Sm®*) were prepared by melt quenching method, the
chemicals PbO, A|203, B2Os, Pr.0s, Nd.Os and
Sm2Os.with high purity was totally weighted to 100g and
were mixed thoroughly in a silica crucible and melted at
1420-C for half hour in an electrical furnace. After
melting, glassy liquid was quenched in preheated brass
moulds. The obtained glasses were annealed at 550-C for
6 hours in order to remove the thermal stress and then
samples are cut into shapes and polished for the
dimensions of 1.0x1.5x0.3 cm?,

3. RESULT AND DISCUSSIONS:
Praseodymium Doped Glasses:

Pr3* has the 4f2 electronic configuration with 3H,
ground state. The transition 3Hs—%P, of Pr¥* in the
absorption spectra is the characteristic of coordination of
the Pr¥* ion in the crystalline and glassy host matrices.
The effective coordination number of this ion in aqueous
solutions is about 11.2 where as in certain praseodymium
salts the coordination number is observed to be 9.8. The
difference in the coordination leads to the variation in the
energy of the above transition. The concentration
dependence of this ion transitions has been investigated in
detail recently in various single crystals and powder
samples, for example lanthanum oxides, oxy chlorides
and certain phosphate crystals [19 — 23]. The increase in
the concentration of this ion is found to enhance Hs
—3Py,, D2 electronic absorption and vibrational
absorption lines’” intensity and these were attributed to
essentially cooperative due to exchange of virtual
phonons between the coupled Pr®* ion pair [24]. Among
various transitions, the transition *Hs — ®F4 is found to be
hyper sensitive due to quadrupole selection rules whereas
the hypersensitiveness of the two other transitions, 3H,
—3P,, D3 is due to the influence of ligand environments
[25]. The application of Judd-Ofelt theory to the Pr3* ion
works less in general when compared with the other
lanthanide ion since out of seven expected transitions
three are hypersensitive.
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Optical Absorption:

The optical absorption spectrum of Pr®* doped
PbO- Al,O3; —B,0s3 glasses recorded at room temperature
in the visible and near infrared regions has exhibited six
absorption levels (Fig 1 a & b). These levels are assigned
to the appropriate electronic transitions as mentioned
below:
3H4 —>1D2 s 3Po s 3P1 s 3P2 ,3F2 and 3F3 .

Spectral intensities of these bands have been
used in the least square fitting procedure to determine the
Judd — Ofelt intensity parameter viz., Qz, Qa, and Qg
using unit tensor operators || U A | |2 and are presented in
the Table 4. 8 along with the other pertinent data. The
values of Q ; are found to be in the following order:

Qe > Qo> Qu.

Using these values of Q, the magnitudes of electric dipole
line strength Sed are calculated for each transition and
presented in Table 1.

Tranzition Energy fL.x L.x J-0
from *I. - (Cm "y 10 10 Parameters
(Cm ')
i | 11520 159 248 234
Fop | 12500 280 180 7796 0. =13.7
Fae | 13513 28 246 2173 =61
Foe | 14706 22 217 2715 0 =365
G | 17216 150.0 333 237 0y 0= 167
oo | 19183 185 36.5 16.5
e | 19608 38 331 16.4

Table-1:The absorption band energies, the electric dipole
line strength Sed, the oscillatory strength fexp for some of
the transitions and Judd — Ofelt intensity parameters and
spectroscopic quality factor ( Q4/Qgs ) of Pr¥*: PbO-
Al;O3; —B,03 glasses.

025 r
Z o0z
g
8
g
g 015
g
=
0.1 . .
350 450 550 650
‘Wavelength (nm)

Fig.1(a) Optical absorption spectrum of PbO-Al,O3-B,03
doped glasses doped with Pré* ions recorded at room
temperature in the visible region. All the transitions are
from the ground state 3H,
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Fig-1(b). Optical absorption spectrum PbO-Al,O3-B,03
glasses doped with Pr¥* ions recorded at room
temperature in the NIR region. All the transitions are
from the ground state 3Ha.

The emission spectrum of Pr¥* ion is also well
studied in number of glasses like fluoro zirconate, TeO;
glasses etc., [26,27]. Among various emission transitions
the two transitions 3P, — 3Hs, °Fs are found to exhibit
significant intensities due to J mixing. The terms
corresponding to even values do not contribute to these
transitions since the reduced matrix elements Uy, Us, Us
are zeros for these transitions [28].

Photoluminescence:

The photoluminescence (PL) spectrum recorded
at room temperature for Pr3*: PbO-Al,03-B,0s glasses is
shown in Fig 2; the spectrum gives out the following
emission transitions:

Po—~ 3F22H4 *Hs, 3Hs;
3P1 - 3F4 y. 3 H5 and 1D2 - 3H4

The Judd — Ofelt theory has been applied to
characterize the photoluminescence spectrum of these
glasses. The transition probability A (Y J', W J), the
total transition probability A T (¥ J ' ), and the
fluorescence branching ratio Wr have been determined
using the expressions 1.24 to 1.26 for some of the
transitions and presented in Table 2. Among different
transitions from 3P0 state, 3Py — 3Hg, has been
found to have the highest transition  probability and
hence the stimulated emission cross section ¥ EP (Eqn.
1.27).

The other important laser characteristic
parameter , has been calculated for this level and it is
found to be 4.2 x 102° cm? ( Table 2) , which is slightly
high when compared with the conventional metallic
fluoride glass hosts of Pr* ion for this transition. These
parameters have also been computed for other observed
levels and are furnished in the same Table.

Table 2. Radiative properties of Pr®* doped PbO-Al,O3-
B,0s glasses

Transition Energy | f.x fx 10
from *I,. (Cm"y 108 108 Parameaters
(Co)
Fie | 11520 159 2438 234
Foo | 12500 | 200 18.9 7196 0, =137
Fo. | 13513 8.8 246 2173 0, =61
For | 14706 22 PN 2113 0 =363
G | 17216 | 1300 333 57 | =187
.. | 10183 18.5 36.3 16.5
Gy | 10608 38 EEN 16.4

‘50
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Fig 2 Luminescence spectrum of Pr3* doped Pb0-By03-Al03 glasses (L ey = 440 nm)

Neodymium Doped Glasses

Nd3* ion has 4f? electronic configuration with
4192 ground state. The absorption and emission of this ion
has been reported in a number of crystalline materials and
glasses because of its potential applications in laser
technology [29,30]. The transition *log, — 2Py of Nd®*
ion in the absorption spectra is a characteristic of
coordination of this ion. The effective coordination of
this ion is found to be varying between 6 and 9 with the
variations in the transition energy from 23,200-23,400
cm? [31]. The J-O theory works very well for this ion
and the radiative parameters can therefore be
conveniently evaluated from  J-O parameters.

In the emission spectrum, the focus in general is
mainly on *Fa2 — *l112 which is identified as the lasing
transition. However, in the present study the emission
spectrum for this ion in the present host glass could not be
carried out due to the lack of a laser excitation source.

Optical Absorption:

The optical absorption spectrum recorded at
room temperature for Nd** doped glasses has exhibited
the following absorption bands (Fig 3):

Yoz = “Fan, 512,712,902,
Yoz = 4G 512,712, 912, 1172, 2P1r2, *Dsra

Among these observed bands, only seven clearly
resolved bands are considered for applying the Judd —
Ofelt theory to characterize the spectral intensities of the
absorption bands of these glasses. The electric dipole line
strength Sed, oscillator strength fex, and the best fit Judd —
Ofelt intensity parameters Q ; of Nd** doped PbO-Al,Os-
B,0Os glasses are reported in Table 3. From this absorption
spectral profiles, it is observed that a particular transition
4 lgip — “Gspp is more intense than any other transition.
This is obviously because of better validity of the
selection rules:

AJ<2,AL <and AS =0

for this transition . In addition, the magnitude of || U A |
| 2 of this level is also considered as an important value
for the hypersensitivity nature of this level.

The spectroscopic quality factor (Qa/ Qg) for
these glasses has also been calculated and presented in
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Table 3. The J- O intensity parameters obtained for these
glasses show the following trend:
Qo> Qs >Qp.

Table: 3-The absorption band energies, the electric dipole
line strength (Sed), the oscillatory strength f for some
transitions and Judd — Ofelt intensity parameters(QA) and
spectroscopic quality factor (Q4/Qg) of Nd3*: PbO-Al,Os-
B,0; glasses.

Emission | anm) vl Als ATis Br’) | Emission
Transitiam fnmy | w10t | "wm10° Cross
Saction
(107,
fin) :.
B—F, 663 B33 176 j134 | 3344 123
B,—F g43 1666 | 3466 1815 | 2018 PN
B,—H. | 613 | 2333 0.73 1813 40 15§
B,—H.| 5345 | 81§ [ 270 1813 1483 445
B,—H, | 4835 | 3333 [ 1103 [ 1813 6083 1129
B—H.| 523 | 3000 | 282 j134 3300 406
L
25
g 7 1Grg f n 'Faz
E WPy, Bag f .
g 1 - *Iﬁ; f
‘300 400 500 600 T00 800 a0d

wavelength (nm)

Fig. 3  Optical absorption spectrum PbO-Al0y-B;04 glasses doped with Nd®* ions
recorded at room temperatura All the transitions are from the ground state 41y

Samarium Doped Glasses

Samarium ion exists in Sm%* and Sm?* states but
between these two states, Sm** is found to be more stable.
This ion has 4f° electronic configuration with Hs;, ground
state. Earlier it was shown that the oscillator strengths of
Sme* jons may be arranged in two groups, one referring to
transitions up to 10,700 cm™ and the second to transitions
in the range 17,600-32,800 cm? and the Judd-Ofelt
parameters can be calculated separately for these two
regions [31]. Such separation was attributed to the
splitting of fn configuration being smaller than the f-d
energy gap[32]. In such a case it is incorrect to use the
oscillator strengths of transitions which are about 10,000
cm-1 for calculations of €, parameters by means of the
Judd-Ofelt theory. The transitions ®Hs,—*Fsp, “Fa of
Sm?* occurring in the absorption spectrum in the near
infrared region are hypersensitive [33-34]. In the
emission spectra of Sm3* ion, the transitions, *Gs;—5Fg
and “Gs;,—®Hgy2 occurring in the near infrared and visible
region respectively are also identified as hypersensitive
[35].
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Optical Absorption:

The optical absorption spectrum recorded at
room temperature in the visible region for Sm3+ doped
glasses has exhibited the following nine absorption bands
(Fig4):

®Hs, = *lup, i, *Gorn, Psp, *Frr, P72, *Dsp, *Kirn

The oscillator strength fex, electric dipole line
strength Sed and the best fit Judd —Ofelt intensity
parameters €, of Sm3+ doped PbO-Al,0s-B,03 glasses
are reported in Table 4 . From these absorption spectral
profiles, it is observed that a particular transition ®Hs;, —
“F752, is more intense than any other transition.

Transition Energy | f.x10 | £.x10 J-0
from *L;- “ “ Parameters
(Cm"y
(Cm-")

T 20833 304 0.012 0.17
M2 | 21739 o.50 0.152 0518 £ =28
Gy | 22727 138 0.132 0.092 0y =352
“P.. | 23810 824 0.091 0312 g =331
Fon | 23000 0.60 0.231 251 0/ 0= 1.06
P | 2682 21.78 0222 1.014
Do | 27670 11.76 0.283 0.348

The spectroscopic quality factor (Q4/Qg) for
these glasses has also been calculated and presented in
Table 4, the J- O intensity parameters obtained for these
glasses show the following trend:

Qo> Qs > Q.
Table: 4- The absorption band energies, the electric
dipole line strength (Sed), the oscillatory strength f for
some transitions and Judd Ofelt intensity
parameters(QA) and spectroscopic quality factor (€24/Qs)
of Sm3+: PbO-Al,03-B,03 glasses.

absorbance (arb .units )

1

400 450 500
wavelength (nm)
Fig. 4 - Optical absorption spectrum PbO-Al,03-B20; glasses doped with Sm3* ions

recorded at room temperature. Al the transitions are from the ground state 5Hs,

300 350

Photoluminescence:

The photoluminescence (PL) spectrum has been
recorded at room temperature for Sm**: PbO-Al,03-B20;
glasses. The luminescence spectrum (excited at 400 nm)
shown in Fig 5 for these glasses gives out the following
emission transitions:

4Gsi2 = ®Hsp2 ,% H 772, SHopa.
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The Judd — Ofelt theory could successfully be
applied to characterize the photoluminescence spectrum
of these glasses. The transition probability A (¥ J ', W),
the total transition probability AT (¥ J ) , and the
fluorescence branching ratio Pr have been determined
using the usual procedure for these transitions and are
presented in  Table 5.

Among different transitions from “Gs, state,
4Gs;z = °®Hgp, has been found to have the highest
transition  probability. The stimulated emission cross
section o EP for all the three observed levels have been
calculated and are presented in Table 5.

Table 5: Radiative properties of Sm3+ doped PbO-
Al203-B203 glasses

Emizsion | x(nm) Als AT(s | Br(%:) | Emisstion
Transition (mm) | =il | Um0 Cross
Section
(10,
cm”)
G — 643 121 327 482 67.84 0.121
SHL,.
RC— 508 154 042 482 871 0254
SH,.,
G — 362 162 011 482 228 0.033
C-H_ >

BH7i

Intensity {arb. units)

600 650 700

550

00

Wavelength (nm)

Fig. 5 Photoluminescence spretrum of Sm3* doped PbO-AL03-B,0; glasses (7. gy = 400

nm)recorded at room temperature. Al the transitions are from the upper state 4Gsp

4. Conclusion:

For Pr3* doped glasses the 3Hs — 3P, transition
is found to be higher sensitive whose intensity vary
significantly with environment due to strong 4f — 5d
mixing and due to significant contributions by the terms
corresponding to the odd values of U, in the expression
for oscillator strength f ; similarly, in the Nd** doped
sample the transition *lg, — “Gs;, s found to be more
intense than any other state. Spectral studies of vibronic
transitions for rare earth systems show that they are most
intense at the beginning and the end of the series with
Sm®*  exhibiting a minimum vibrational structure.
Contributions due to vibrational interactions by turns
common to Q4 and Q6 can qualitatively account for the
observed trends in the present cases.
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Compound Panels
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ABSTRACT- Now a days the growing technology in all fields of
engineering demands improved material properties. One of the
alternative materials found is composite materials, combining two
or more than two materials on macroscopic scale results a
material having superior mechanical properties. Sheet moulding
compound (SMC) is one type of the composite material. The
panels made by SMC provide low light transmittance thus low
light intensity on the inner surface of the panel thus it prevents
the growth of the algae, thus hygienic quality is maintained. In
this work the panels of different configurations have been
modelled by using PRO-E software as per the geometrical details
and analysed by using FEA software package ANSYS at a
specified pressure. During the analysis the bottom panel is
subjected to uniform pressure and side panel is subjected varying
pressure. A comparison is made between panels of different
configurations for normal displacement, Von misses stress, and
Von misses strain. Based on the results, the best panel
configuration is recommended for the water tank.

Key words: Composite plate, SMC panels, Composite Design,
Finite element method, Fibre length.

I. INTRODUCTION
1.1 SMC Composites:

Advanced composite materials, particularly continuous fibre-
reinforced composites are currently being used in a wide
variety of structural applications. These materials have now
emerged as engineering materials, due to a number of
attributes like low weight, high stiffens, large ultimate
strength, excellent fatigue and corrosion resistance, ease in
fabrication and so on. Sheet moulding compound (SMC) is a
fibre composite material which contains 30% of organic
ingredients and 70% of inorganic ingredients which curves by
curing process by cross linking reaction. Sheet moulding
compound is the most commonly used composite material for
manufacturing of water tanks. It is fibre reinforced material
which primarily consists of inorganic ingredients.

1.2 Manufacturing of SMC materials:

SMC is usually manufactured by a highly automated
continuous flow process by compression moulding process.
Continuous fibre glass is chopped into length of 20 to 50 mm
length and deposited on a layer of resin filler paste which is
travelling on a polyethylene film. Another layer of resign filler
paste is deposited over the layer to form a continuous
sandwich of fibre glass and resin filler. The sandwich with top
and bottom covers of polyethylene is compacted and rolled in
to a package sized rolls. The rolled up SMC is stored and then
SMC rolls are moved to near the press and cut in to the proper
charge pattern for the specific part and placed in a matched
metal mould which is hot.
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Under the pressure of the press the system will flow to fill
the complete mould. In parallel the cutting process is started
and after a short time the curved part will be remoulded.
This process is atomized and can be used for mass
production i.e. automotive industry. For series production
the moulds are metal dies which are heated with steam to
temperature around 120 °C to reduce the curing time.

1.3 Material properties of SMC Materials:
All the properties of SMC material are taken from the Devi

polymers Limited, Chennai; the properties are given as
shown in tablel.

Table 1: SMC material properties

Sl.nd Material property Value
1 Fibre Strength 20-50mm
2 Tensile strength 100-200gpa
3 Tensile Modulus 8-25gpa
4 Flexural Strength 200-600mpa 60-
5 Impact Strength 300kj/mm?
6 Density 1.9gm/cm’
7 Young’s modulus 10gpa
8 Possion’s ratio 0.4990.449

1.4 Comparison table of the SMC material:

Table2: Water tank with other material water tanks

Kind of tank :‘Vll.lt;; Leak Proof | durability Tran::l: maintenance Ajsy:g':il i:::t:::::
anClCle © |©|©
= R NI + [A©
= A |+ | A + O] +
Flolo[olalso]a
1Ol 01O +14+10
@ EXCELLENT OGOOD +POOR & FAIR
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II. MODELING OF SMC PANELS

To have the realistic view of any component the solid model is
essential. So the solid models of SMC water tank panels are
modelled in special CAD software package like PRO/E. The
SMC water tank panels are of different configurations. We
have selected the panels of three different configurations. They
are a) flat panel b) Concave panel c) Convex panel. Two
dimensional drawings of different configurations are given as
follows.

[}
o

a) Flat SMC Panel b) Concave SMC Panel
¢) Convex SMC Panel

2.1 Modelled views

=
~/
~
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III.  FINITE ELEMENT METHOD

The Finite Element Method has become a powerful tool
for the numerical solution of a wide range of engineering
problems. With the advance in computer technology and
CAD system, complex problems can be modelled with
relative ease. Several alternative configurations can be
tried out on a computer before the first prototype is built.
All of this suggests that we need to keep pace with these
developments by understanding the basic theory,
modelling technique and computational aspects of the
Finite Element Method. In this method of analysis, a
complex region defining a continuum is discredited in to
simple geometric shapes called finite Elements. The
material properties and the governing relationships are
considered over these elements and expressed in terms of
unknown values at element corners. An assembly
process, duly considering the loading and constraints,
results in a set of equations.

3.1 Shell theory

Thin shell theories are based on Love-Kirchhoff
assumption that as the shell deforms and the mid-surface
stretches and bends the fibres of the shell initially straight
and normal to the mid surface remain straight and normal
to the mid-surface. Also it is usually assumed that the
normal stress is zero. These assumptions permit to define
the displacement of every point in terms of the
displacement of the mid-surface of the shell. This in effect
represent the reduction of a problem from a three
dimensional to a two dimensional case. A shell may thus
be thought of as the material form taken by enclose of a
volume bounded by curved surfaces. To analyse the
internal forces, a small shell element is considered whose
thickness is small in comparison with the other dimension
of the shell and with its radii of curvature.

3.2 Overview of ANSYS

The ANSYS computer program is a large scale
multipurpose finite element program which may be used
for solving several classes of engineering analyses? The
analysis capabilities of ANSYS include the ability to
solve static and dynamic structural analyses, steady state
and transient heat transfer problems, mode frequency and
buckling, Eigen value problems, static or time varying
magnetic analyses and various types of field and coupled
field applications. The program contains main special
futures which allow nonlinearities or secondary effects to
be include in the solution such as plasticity large strain,
hyper-elasticity, creep, swelling, large deflections,
contact, stress stiffening, temperature dependency,
material anisotropy and radiation. ANSYS has been
developed. Other capabilities ,sub structuring, sub
modelling, random vibration, kineto statics, kineto
dynamics, free convection, fluid analysis, acoustics,
magnetic, piezoelectric, coupled field analysis and design
analysis and, design optimization have been added to the
program. These capabilities contribute further to making
ANSYS a multipurpose analysis tool for varied
engineering disciplines. The ANSYS program has been in
commercial use since 1970, and has been used
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extensively in the aerospace, automotive, construction, Fig-1.Flat Panel Geometry with Mesh
electronic, energy services, manufacturing, nuclear, ANSYS
plastics, oil, and steel industries. Bl e

IV. FINITE ELEMENT ANALYSIS OF SMC PANELS OF
DIFFERENT CONFIGURATIONS @

Sheet Moulding Compound (SMC) panels of different
configurations for a water tank have been analysed by FEA
software package ANSYS 10.0 at a specified pressure of
0.04905 N/mm?2. The finite element idealization of the panel Tl o T o e T
1 is as shown in the figure. The side panel is subjected to

simulated variable pressure and the bottom panel is subjected
to simulated uniform pressure.The clamped edge conditions
are simulated at the bolt hole locations. The material
properties used are as follows

Young’s modulus — 10e3 N/mm?2

Poison’s ration — 0.499

Density — 1.9¢-9 kg/mm3

Element edge length — 50 mm

Added mass per unit area — 10-3kg/mm?2

Average shell thickness — 9 mm

m

Fig-2 : Deflection Plot for A Bottom Flat SMC Panel

T Moo e Foteses
Results Normal
on misses stress(N|  Von misses strai|
Type of the panel| displacement(m Fig-3: stress plot for a bottom flat SMC panel
Flat bottom panel 66.815 138.219 0.013822
Flat side panel 42.797 91.429 0.009143
Concave bottom pan| 13.947 106.623 0.0010662
Concave side pane 5.888 45.41 0.004541
Convex bottom pang 9.358 75.507 0.007551
Convex side panel 4.309 70.963 0.007092
ke Fig-4: Strain plot for bottom flat SMC panel
b

[; — — 1
“5.5a6 “7.ze5 5.1 Ty “1.093
5.307 6228 a.15 z.072 .o0ss7a

Fig-5: Deflection plot for a bottom SMC convex panel
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V. RESULTS AND DISCUSSION

A SMC material flat panel 1000 mm square, 76.82
mm height and uniform thickness of 9 mm over the entire
panel when subjected to uniform pressure of
0.04905N/mm”2 yields to a central deflection of 66.815
mm at the midpoint of the panel, and stress of
138.219N/mm2 and when subjected to varying pressure
from 0.01635N/mm2 to 0.04905N/mm2 yields to a
deflection of 42.797 mm and stress of 91.429N/mm?2
using FEA solution package ANSYS 10.0.Next SMC
material concave panel 1000mm square, 76.82 mm height
including concave dome shape with a thickness varying
from 4 mm at the centre to 9 mm thickness at the edge of
concave profile when subjected to uniform pressure of
0.04905N/mm?2 yields to a deflection of 13.947 mm and
stress of 106.623N/mm2 and when subjected to varying
pressure from 0.01635N/mm2 to 0.04905N/mm”2 yields
to a deflection of 5.888 mm and stress of 45.41N/mm?2
using FEA solution package ANSYS 10.0
Another SMC material convex panel 1000 mm square,
150 mm height including convex dome shape with a
thickness varying from 4mm at the centre to 9 mm
thickness at the edge of convex profile when subjected to
uniform pressure of 0.04905N/mm?2 yields to a deflection
of 9.358 mm and stress of 75.507N/mm2 and when
subjected to varying pressure from 0.01635N/mm2 to
0.04905N/ mm?2 yields to a deflection of 4.309 mm and
stress of 70.963N/ mm2 using FEA solution package
ANSYS 10.0

The thickness of flat panel is 9 mm. But the deflection of
flat panel at factor of safety 5 is 66.815 mm and 42.797
mm. At factor of safety 1 its value will be 13.33 mm and
8.4 mm. so that flat panel is not recommendable. The
thickness of the concave panel at the centre is 4 mm. But
the deflection of concave panel at factor of safety 5 is
13.947 mm and 5.888 mm. At factor of safety 1 it will be
2.79mm and 1.18mm which is less than 4mm thickness at
the centre and the maximum stress value is 106.623 N/
mm?2 and 45.41 N/ mm?2 this is within the range of 100 —
200 MPa i.e actual tensile strength of the SMC material.
The thickness of the convex panel at the centre is 4mm.
But the deflection of concave panel at Factor of safety 5
is 9.358 mm and 4.309 mm. At factor of safety 1 it will be
1.87 mm and 0.86 mm which is less than 4mm thickness
at the centre and maximum stress value is 75.507 N/ mm?2
and 70.963N/ mm?2. This is within the range of 100 — 200
MPa i.e actual tensile strength of the SMC material.

VI. CONCLUSTIONS

From the displacement consideration panel 1 (Flat Panel)
is not at all recommendable for the water tank. For a
water tank capacity of 1m3, panel 2 or panel 3 can be
recommended for side and bottom panels by increasing its
thickness at the crown section. Panel 3 (convex panel) is
placed as a bottom panel eliminates the possibility of
separation and leakage of the tank. The combination of
concave and convex panels ensures complete and faster

129

ISBN: 978-93-91420-07-9

drainage. Using washers and stiffeners in bolt location
will control the stresses.

VII. SCOPE OF THE WORK

There are still many areas on which we can extend our
analyses work on different configurations of SMC panels
based on day to day requirement. As the SMC material has
got its applications in the field of automobile industry,
which are traveling with high speeds, the air resistance on
the body and other parts of the automobile may cause to
temperature. So the thermal analysis of the composite
structure should also be carried out and the thermal
distribution can be analysed for the thermal stability and
safety. Depending on the fibre length from 20 to 50 mm
length, the properties of SMC material varies, so we can apt
different fibre lengths and checks the results and compare
them. Depending on the fibre orientation i.e., Random
fibres and continuous fibres, the properties of SMC material
varies, so we can apt different orientation fibres and
compare the results. Depending on the type of fibre i.e.,
longitudinal fibre, transverse fibres, the properties of SMC
material varies, so consider different type of fibres and
apply the load and compare the results among them. Not
only above still, we can extend our analyses work by
comparing the results obtained manually using
displacement  matrices,  stiffness  matrices,  strain
transformation matrices with the values obtained using FEA
solution package.
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Design and fabrication of agriculture cutting
machine using crank and slotted lever mechanism

Mr. M Gangaraju, Mr. K.Ravi Prasad and Mr. Shaik Fahad,
Department of Mechanical Engineering, Sree Vidyanikethan Engineering College, Tirupati, INDIA.

ABSTRACT: Agriculture is one of the oldest professions but
the development and use of machinery has made the job title of
farmer a rarity. The basic technology of agricultural machines
has changed little in the last century with the coming of the
Industrial Revolution and the development of more complicated
machines. In this work design and fabricate the automatic
mechanical cutter by using crank and slotted lever mechanism,
for cutting agricultural products like sugarcane, long grasses,
etc for cultivation. The present work to fabricate a machine
which is simple in construction than the existing machines. The
equipment make the use of crank and slotted lever mechanism
with one slider to couple with an electric motor or manually
operated by hand using pulley and belt. Key words: Composite
plate, SMC panels, Composite Design, Finite element method,
Fibre length.

I. INTRODUCTION

The working principle behind the operation of simple
mechanical cutting machine is four bar chain mechanism
particularly crank and slotted lever mechanism. The crank
wheel is rotated by the motor through the pulley belt
assembly. The rotating motion the crank wheel is converted
into oscillating motion by the coupling link by using the
slider. The oscillating motion at the other end of the coupling
link is converted into reciprocating motion to the blade by
using guide hole. Therefore the rotating motion of the crank
wheel is converted into reciprocating motion to the blade
through the coupling link. The object to be cut is place on the
platform. Due to the reciprocating motion of the blade, the
object placed on the platform is cutter for successfully
transmitting the rotational motion from themotor to the crank
with minimum slip v-belt drive is used. The bearing which
supports the shaft is rolling ballbearing for smooth operation.
by using 110 watt powersingle phase a.c induction motor, this
machine can ableto reciprocates approximately 250 times per
minute.

II. MATERIALS AND METHODS
If a number of bodies are assembled in such a way that the
motion of one causes constrained and predictable motion to
the others, it is known as a mechanism. A mechanism is a
simplified model, usually in the form of a line diagram,
which is used to reproduce the motion occurring in a
machine. The purpose of this reproduction is to enable the
nature of the machine. The purpose of this reproduction is
to enable the nature of the motion to be investigated
without the encumbrance of the various solid bodies which
form the machine elements. The various parts of the
mechanism are called links or elements. Where two links
are in contact and a relative motion is possible, then they
are known as a pair. An arbitrary set of a links which form
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a closed chain that is capable of relative motion, and that
can bemade into a rigid structure by the addition of a single
link, is known as a kinematics chain. To form a mechanism
from a kinematics chain one of the links must be fixed.
However as any of the links can be fixed, it follows that there
are as many mechanism as there arelinks in the chain. The
technique obtaining

different mechanism by fixing the various links in turn is

known  as inversion.
Fig-1. Crank and Slotted lever
Material Used:
Blade:
Motor:

Motor is used to produce high torque with low speed
motor used has specifications as single phase 220V, 15A
which produces power of 0.35 HP and frequency of 50
Hz and the shaft speed is 75 rpm

Shaft:
Shaft made up of mild steel of diameter 15mm is used to
transmit rotary motion from motor to the four bar
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linkage. Holes provided on the shaft, adjust the four bar
linkage according to the diameter of the tank

Bolt and Nut:

When selecting fasteners that are to be assembled together,
it is important to consider their strength compatibility. The
nut should always be stronger than the bolt, so when using
higher strength bolts, such as metric class 10.9, make sure
to use the correct, corresponding nut. In this case, a class 10
nut would be correct. Stronger nuts may be used with lower
strength bolts without any problems. Strength of washers
should also be considered, but are often overlooked. Using
non-heat treated washers with heat treated hex head cap
screws can cause joint settling as the relatively small
bearing surface of the cap screw can embed itself into the
soft washer over time, causing a loss of clamp load.
Standard metric flat washers have class designations that
can be paired with heat treated bolts. Below is a
compatibility chart that will help you make the right choice.

III. MECHANISM USED
Common to most reciprocating engines is a linkage known
as a crank-slider mechanism. Diagrammed in Figure.5, this
mechanism is one of several capable of producing the
straight-line, backward-and-forward motion known as
reciprocating. Fundamentally, the crank-slider converts
rotational motion into linear motion, or vice versa.
The position of the piston with respect to the crank center
line problem for the control is given by

............... >.O..‘_‘_‘_

AARRRARARARARNARANN

G

Fig-2. Slider mechanism

Iv. CRANK ROCKER MECHANISM

The four bar linkage is the simplest and often
times, the most useful mechanism. As we mentioned
before, a mechanism composed of rigid bodies and
lower pairs is called a linkage (Hunt 78). In planar
mechanisms, there are only two kinds of lower pair
sand revolute pairs and prismatic pairs. The simplest
closed-loop linkage is the four bar linkage which has

2
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four members, three moving links, one fixed link and
four pin joints. A linkage that has at least one fixed
link is a mechanism. This mechanism has four moving
links.

V. DETERMINATION OF LENGTH OF STROE
AND TIME RATIO:
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yA = (S/2) sin =L sin@ can be used to eliminate &
to obtain

X/L = (S/2L) cos + [1-(S/2L)si n ]

VI. CRANK AND SLOTTED LEVER QUICK
RETURN MOTION MECHANISM:

In this mechanism, the link AC (i.e. link 3) forming the
turning pair is fixed, as shown in Fig. The link 3 corresponds
to the connecting rod of a reciprocating steam engine. The
driving crank CB revolves with uniform angular speed about
the fixed centre C. A sliding block is attached to the crank pin
at B slides along the slotted bar AP and thus causes AP to
oscillate about the pivoted point A. A short link PR transmits
the motion from AP to the ram which carries the tool and
reciprocates along the line of stroke R1R2. The line of stroke
of the ram (i.e. R1R2) is perpendicular to AC produced. In
the extreme positions, AP1 and AP2 are tangential to the
circle and the cutting tool is at the end of the stroke. The
forward or cutting stroke occurs when the crank rotates from
the position CB1 to CB2 (or through an angle B) in the
clockwise direction. The return stroke occurs when the crank
rotates from the position CB2 to CB1 (or through angle o) in
the clockwise direction.
The time ratio is given by-

timeo fruttingstroke

Time ratio =
[JFQE{.',I' relurnstroke
3600

L

From figure-
sin £ CAB, =sin(90° - %)==

Al
Length af crank

distance betwest plpot centras
We have used these two formulas for determining various
time ratios and angle turned by crank during return stroke for
constant distance between pivots.

vy
o

| s I o
rra ~— r !‘ i
Lipsme—_—r **___.;:-q_-‘_“_,—-}i,

L. Fig-3 Quick return mechanism
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Vi. EXPERIMENTAL SETUP:

All the components of the fabrication of mechanical cutter
such as rotor, crank, cutter, slotted lever, four bar
mechanism are placed very carefully set on the frame
stand. The existing model presents an Integrating feature
of all the hardware components which has been used and
developed in it. The presence of each and every module
has been reasoned out and placed very carefully
experimental setup represents the fabrication of
mechanical cutter for agriculture purpose. For doing
experiment or to check the ability of the work is created
with the crank and slotted lever mechanism and all the
required components are carefully connected. . In the four
bar mechanism having four bars called four bar linkage.
As same in the four bar linkage, present work is setup in
the same order wise. The electrical motor clamped on the
frame. Firstly the rotor shaft is connected with the crank.
The first edge of the rocker is connected with crank and
the second edge of the rocker is pinned with the slotted
lever, it moves along the parallel motion. Finally the
slotted lever is joined with the working blade. The
working blade is fixed at the bottom side of the stand the
working procedure of design and fabrication of
mechanical cutter is to check the ability of the work, an
experimental setup is created with four bar mechanism
and all required components are carefully connected.

In the four bar mechanism having four bar called four bar
linkage. As same in the four bar linkage, the present work
is setup in the order wise.

Figure: The parts or linkages of four bar linkage are
crank, rocker, slotted lever and frame. The whole setup of
the work is placed on a frame. The motor is working with
the help of electric power supply, on the motor shaft
fixing the arrangement of crank. When switch ON power
button, the motor start to rotate and the total
arrangements. Here the rotary motion is converted in to
the reciprocating motion by using simple mechanisms.
The reciprocating motion ram is connected to the cutters
as shown in figure 4.1, so that the cutter moves upward
and downward direction the cutting process is carrying
out through this machine. At that situation the work
means sugar cane or required size of boiler sticks is
placed under the knife-edge cutter after that it will be
separated and obtain require size. The separated work will
fall down under the frame.

Then sugarcane pieces will be collected and the process
of work will be continuously repeated. Rocker, slotted
lever, frame. The whole setup of the work is placed on a
frame. The motor is working with the help of electric
power supply, on the motor shaft fixing the arrangement
of crank. When switch ON power button, the motor start
to rotate and the total arrangements. Here the rotary
motion is converted in to the reciprocating motion by
using simple mechanisms. The reciprocating motion ram
is connected to the cutters as shown in figure 4.1, so that
the cutter moves upward and downward direction the
cutting process is carrying out through this machine. At
that situation the work means sugar cane or required size
of boiler sticks is placed under the knife-edge cutter after
that it will be separated and obtain require size. The

3



Proceedings of ICETMEIA-2K22

separated work will fall down under the frame. Then
sugarcane pieces will be collected and the process of
work will be continuously repeated.

IX SOFTWARE USED

Creo parametric 2.0
What is CREO PARAMETRIC 2.0 all about

N

creo’ parametric

Creo Parametric provides the broadest range of

powerful yet flexible CAD 3D modeling software
capabilities to accelerate the design of parts and
assemblies.

Creo Elements is a software application within the
CAID/CAD/CAM/CAE category. Creo Elements is a
parametric,  feature-based  modeling  architecture
incorporated into a single database philosophy with rule-
based design capabilities. It provides in-depth control of
complex geometry. The capabilities of the product can be
split into the three main headings of Engineering Design,
Analysis and Manufacturing. This data is then
documented in a standard 2D production drawing or the
3D drawing standard ASME Y'14.41-2003

e Product Design

Creo Elements offers a range of tools to enable the
generation of a complete digital representation of the
product being designed. In addition to the general
geometry tools there is also the ability to generate
geometry of other integrated design disciplines such as
industrial and standard pipe work and complete wiring
definitions. Tools are also available to support
collaborative development.

A number of concept design tools that provide up-front
Industrial Design concepts can then be used in the
downstream process of engineering the product. These
range from conceptual Industrial design sketches, reverse
engineering with point cloud data and comprehensive
free-form surface.

e Analysis

Creo Elements has numerous analysis tools available and
covers thermal, static, dynamic and fatigue finite element
analysis along with other tools all designed to help with
the development of the product. These tools include
human factors, manufacturing tolerance, mould flow and
design optimization. The design optimization can be used
at a geometry level to obtain the optimum design
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dimensions and in conjunction with the finite element
analysis.

e Surface Modelling

Creo has a good surface modeling capabilities also.
Using commands like Boundary blend and Sweep we
can create surface models. Advance options like Style
(Interactive Surface Design Extension - ISDX) and
Freestyle B3 provide more capabilities to designer to
create complicated models with ease.

e Manufacturing

By using the fundamental abilities of the software with
regards to the single data source principle, it provides a
rich set of tools in the manufacturing environment in
the form of tooling design and simulated CNC
machining and output.

Tooling options cover specialty tools for molding, die-
casting and progressive tooling design.
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Figure-4 Slotted lever
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Figure-6 Crank
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Fig-7 Assembly of components in cero parametric 2.0

CONCLUSION

The existing model presents an Integrating feature of all
the hardware components used have been developed in
it. The mechanical cutter system helps to the agriculture
products cutting and also used to decrease human
assistance. The presence of each and every module has
been reasoned out and placed very carefully. Hence the
contributing to the best working unit for “Design and
development of mechanical cutter” has been designed
and fabricated perfectly. Thus, the work has been
successfully fabricated and tested.
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DESIGN AND ANALYSIS OF HELICAL COIL
SPRING IN TWO WHEELER SUSPENSION
SYSTEM

K.John Babu, K. Maria Arun Kumar and E.Ramu
Department of Mechanical Engineering, Narasaraopeta Engineering College, Narasaraopet, India

Abstract— In vehicles problem happens while driving on
bumping road condition. The objective of this project is to
design and analyze the performance of Shock absorber by
varying the wire diameter of the coil spring. The Shock
absorber which is one of the Suspension systems is designed
mechanically to handle shock impulse and dissipate kinetic
energy. It reduces the amplitude of disturbances leading to
increase in comfort and improved ride quality. The spring is
compressed quickly when the wheel strikes the bump.

The compressed spring rebound to its normal dimension
or normal loaded length which causes the body to be lifted.
The spring goes down below its normal height when the
weight of the vehicle pushes the spring down. This, in turn,
causes the spring to rebound again. The spring bouncing
process occurs over and over every less each time, until the up-
and- down movement finally stops. The vehicle handling
becomes very difficult and leads to uncomfortable ride when
bouncing is allowed uncontrolled. Hence, the designing of
spring in a suspension system is very crucial. The analysis is
done by considering bike mass, loads, and no of persons seated
on bike. Comparison is done by varying the wire diameter of
the coil spring to verify the best dimension for the spring in
shock absorber.

Modelling and Analysis is done using CATIA and ANSYS
respectively. Shock absorber are made with Structural steel,
Titanium alloy, Beryllium copper. Modelling of the
components are done by CATIA. Parameters such as Stress,
Deformation, and Shear stress are tested using ANSYS. Based
on the full results Structural steel is best suitable for shock
absorber system.

Keywords: Spring, Stress, Ansys, Catia

I. INTRODUCTION
The suspension system is the main part of the vehicle,
where the spring is designed to handle shock impulse and
dissipate kinetic energy. In a vehicle, shock absorbers
reduce the effect of traveling over rough ground, leading to
improved ride quality and vehicle handling. The limiting
excessive suspension movement is serves by the spring.
Hysteresis is the tendency for elastic materials to rebound
with less force. Hence, the designing of suspension system
is very crucial. In modelling, the time is spent in drawing
the helical coil spring model and the front suspension
system, where the risk involved in design and
manufacturing process can be easily reduced. So the
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modeling of the coil spring is made by using CATIA. Later
the model is imported to ANSYS for the analysis work.

II. LITERATURE SURVEY

For providing the best design of spring coil to the
suspension system of two wheeler vehicles, a lot of
technical papers and review processes is studied before
deciding the most feasible process for the work. The
following list presents a gist of the main papers referred
throughout the: [1] Dr A.Gopichand, In this a shock
absorber is designed and a 3D model was developed in
PROE. Later structural and static analysis was done by
varying the materials as structural steel, chrome vanadium
and AISI 1050 steel. Comparison is made by between the
simulation, analytical and experimental values for
deflection and maximum shear stress. [2] N.Lavanya, The
present work is optimum design and analysis of a
suspension spring for motor vehicle subjected to static
analysis of helical spring the work shows the strain and
strain response of spring behavior will be observed under
prescribed or expected loads and the induced stress and
strains values for low carbon structural steel is less
compared to chrome vanadium material also it enhances the
cyclic fatigue of helical spring.[3] Kommalapati.
Rameshbabu, In this project they have designed a shock
absorber used in a 150CC bike and modeled the shock
absorber by using 3D parametric software Pro/Engineer.

Applications Shock absorbers are an important part of
automobile and motorcycle suspensions, aircraft landing
gear, and the supports for many industrial machines. Large
shock absorbers have also been used in structural
engineering to reduce the susceptibility of structures to
earthquake damage and resonance. A transverse mounted
shock absorber, called a yaw damper, helps keep railcars
from swaying excessively from side to side and are
important in passenger railroads, commuter rail and rapid
transit systems because they prevent railcars from
damaging station platforms

MATERIAL USED FOR HELICAL SPRING:

The following materials used for this work: Structural Steel,
Beryllium Copper, Titanium Alloy

SOFTWARE (CATIA and ANSYS WORKBENCH)
CATIA is a multi-platform software suite for computer-
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aided design, computer-aided manufacturing, computer-
aided engineering, PLM and 3D.With the use of CATIA
software, suspension system has designed a helical spring
with accurate dimensions which is taken from motor
bike.The designed helical spring is imported to Ansys
software for finding maximum shear stress and total
deformation. Ansys is analysis software which develops
finite element analysis software wused to simulate
engineering problems. Ansys software is analyzed a
maximum shear stress and Total deformation for three
materials (Structural Steel, Beryllium Copper, Titanium
Alloy). The analytical results conform to the simulation
results from the ANSYS

HELICAL SPRING DESIGN: The following are the
factors are considered for design and explain in this section.
Spring wire diameter (d) = 7 mm,
Coil mean diameter (D) =42 mm,
Coil free height (h) = 100 mm,
No. of active coils (n) =14,
Pitch (P) =10 mm.

DESIGN SPECIFICATIONS OF HELICAL COIL
SPRING: Consider, Assume the bike 100cc splendour
plus assume the only bike weight without any weight on
this is 112kg,

1. Bike load (assume) =112kg

2. Bike load+1 person=112+60=172kg

3. Bike load+2 person=172+60=192kg

4. Bike load+3 person=192+60=252kg:
Spring Index: k=D/d =42.5/7 =6

Inner Diameter of spring: =D-d =42.5-7 =35
Outer Diameter of a spring: =D+d =42.5+7 =49.
Spring Index: C=D/d =42.5/7=6

Shear Stress: t© = K(8PD/nd3)

Figure 1: Meshing the model
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Figure 3: Pictorial view of equivalent stress at 112N

The analysis has based on the boundary condition. The
pictorial view of equivalent Minimum stress is 5.905e-005
and maximum stress is 81.019(MPA).

Figure 4: Pictorial view of deformation at load
112N

The analysis has based on the boundary condition. Pictorial
view of minimum Deformation is o, and maximum
deformation is 5.0475(MPA).

pmecmEO®@

Figure 5: Pictorial view of shear stress at 112N
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The analysis has based on the boundary condition. The
pictorial view of minimum Shear stress is39.469(MPA),
and maximum shear stress is 39.381(MPA).

Figure 9: Pictorial view of deformation at 172N
The analysis has based on the boundary condition. Pictorial
Figure 6: Pictorial view of load applied on the view of minimum. Deformation is o, and maximum
spring deformation is 7.723(MPA).

The analysis has based on the boundary condition. Pictorial
view of load On the spring is 112N

Figure 10: Pictorial view of shear stress at load 172N

Figure 7: Pictorial view of load applied on the spring

The analysis has based on the boundary condition. Pictorial
view of load on the spring is 172N

Figure 11: Pictorial view of deformation at 172N
The analysis is based on the boundary condition. The
pictorial view of minimum Shear stress is -
70.961(MPA), and maximum shear stress is
69.548(MPA)

Figure 8: Pictorial view of stress at load 172N

The analysis has based on the boundary condition. The
Pictorial view of equivalent Minimum stress is 9.1534¢-005
and maximum stress is 125.49(MPA).

Figure 12: Pictorial view of shear stress at load 232N
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The analysis is based on the boundary condition. The
pictorial view of minimum shear stress is -80.746(MPA),
and the maximum shear stress is 80.561(MPA).

1. RESULTS AND DISCUSION

The analysis has been done based on boundary conditions.
The results obtained from the analysis are shown in tabular
form in the below sections. Structural FEA analyses in
ANSYS Mechanical, you can be curious about the
deformation results. ANSYS provides a very useful
deformation result tool that you can easily add to your
solutions. Here, we show how to see the deformation results
in ANSYS Mechanical, and we will show you the most
important options for the deformation results in ANSYS
Mechanical. In the ‘Results’ and ‘Information’ sections,
you can see all the required information about the
maximum, minimum, and average deformation results

Observation:

In this project was done by a helical compression spring is
designed as CATIA structural and finite element analysis
on the helical spring and it is analyses by different
materials. In this suspension spring, four different materials
like structural steel, Beryllium copper, Titanium alloy were
used and applied a constant load of 112N, 172N, 232N, and
292N, based on the theoretical calculations obtained. The
boundary conditions considered are the bottom portion of
the part is fixed and the load is applied at the top position.
Because of the applied load the stresses will be developed
in the spring. Here stress values are compared for different
materials.

After analysing and comparing the results, the spring made
with structural steel has less stress value that is 81Mpa at
load of 112N and 252.08Mpa at 292N load ,when
completed to other materials out of all materials are
Berllium Copper on the applied load is 232N that time
measured the values are equivalent stress maximum
(1.4203e-004Mpa) and minimum (125.17Mpa)stress, at the
position of the total deflection minimum is 0 mm and
maximum 26.712mm ,and minimum shear stress is -
95.241(Mpa) the maximum shear stress

95.567Mpa.and the last material is Titanium Alloy on the
applied load is 292N that time measured the values are
equivalent  stress  maximum(4.7859e-005Mpa)  and
minimum (209.65Mpa)stress,the total deflection minimum
is 0 and maximum 34.417 mm and minimum shear stress is
-122.5Mpa and maximum shear sress is 122.26Mpa.

Graphical Representation of Static Analysis of a
Different Materials
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Fig 12: Graph representation of a maximum Structural
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Fig 13: Graph representation of a maximum beryllium
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Fig 14: Graph representation of a maximum Titanium
Alloy

IV. CONCLUSION

This project was done by a helical compression spring is
designed as CATIA structural and finite element analysis
on the helical spring and it is analyzed by different
materials. In this suspension system, four different
materials like structural steel, Beryllium Copper, and
Titanium alloy were used and applied a constant load of
112N, 172N, 232N and 292N, based on the theoretical
calculations obtained. The boundary conditions considered
are the bottom portion of the part is fixed and the load is
applied at the top position. Because of the applied load the
stresses will be developed in the spring. Here stress values
are compared for different materials.

After analysing and comparing the results, the spring made
with structural steel has less stress value that is 81MPA at a
load of 112N and 252.08 MPA at 292N load, when
completed to other materials out of all materials are
Beryllium Copper on the applied load is 232N that time
measured the values are equivalent stress maximum
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(1.4203¢-004MPA) and minimum (125.17MPA)stress, at
the position of the total deflection minimum is 0 mm and
maximum 26.712mm, and minimum shear stress is -
95.241(MPA) the maximum shear stress 95.567MPA.and
the last material is Titanium Alloy on the applied load is
292N that time measured the values are equivalent stress
maximum(4.7859e-005MPA) and minimum
(209.65MPA )stress, the total deflection is zero at minimum
and maximum at 34.417 mm and minimum shear stress is -
122.5MPA and maximum shear stress is 122.26MPA. Fig
6.5.16: Pictorial view of shear stress at load 292N

The least stress value material is Structural steel and its
stress value is 252.68MPa.Finally after comparing the
analysed stress values Structural steel having the less stress
value. So we conclude that Structural steel is the best
suitable material for the spring

FUCTURE SCOPE
Analysis of helical spring can be performed and tested in
Finite Element Analysis (FEA), Dynamic analysis of spring
can also be performed on ANSYS software to get better
Results. Analysis of different spring either for heavy duty
vehicle or light duty vehicle can also be analysed. There is
a growing opportunity of a spring with the steel material
and use of composite materials for helical spring in the
future many.
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ABSTRACT: A knuckle joint is used to connect two rods
under tensile load. This joint permits angular misalignment of
the rods and may take compressive load if it is guided. These
joints are used for different types of connections e.g. tie rods,
tension links in bridge structure. In this, one of the rods has
an eye at the rod end and the other one is forked with eyes at
both the legs. A pin is inserted through the rod end eye and
fork-end eyes and is secured by a collar and a split pin.
Screwed connections often play an important part in the
transmission of load through machine assemblies. In large
circuit breakers they are subjected intermittently to high
impulsive loads transmitted through large-scale linkages. The
paper reports on design and analysis of a knuckle joint which
is used in power transmission.

In this study, modelling and analysis of a knuckle joint was
performed by using Finite Element Method. The knuckle joint
takes compressive loads often, thus there is a need for quality
design tools. The modelling of the knuckle joint is done using
3D software. Here we will be using Creo for modelling. These
joints are used for different types of connections e.g. tie rods,
tension links in bridge structure. In this project, static analysis
done at different loads (100N and 110N) with different
materials (steel and cast iron) analysis done in ANSYS.

LINTRODUCTION

In mechanical & automobile domain the joints play very
crucial role, depending upon the application the joints are
used may be temporary or permanent. For power
transmission or motion transfer application we generally
uses temporary joints like screwed joint, cotter joint, sleeve
cotter joint, universal joint or knuckle joint.

The Knuckle joint is a type of joint which is used in
steering system in between the steering rod and pinion of
the steering gear, as the line of the action/axis of both the
mechanical parts are intersecting and lies in different
planes, so it is the only joint that we can employ here In
order to gain the maximum productivity for the plant, the
manufacturing technology must not be stiff; it must have an
option of customizability of manufacturing system to gain
the agility. For this a term FMS, ie., Flexible
Manufacturing System is used in order to gain the
advantage over simple manufacturing system.

FMS consists of a group of a processing work stations
interconnected by means of an automated material handling
and storage system and controlled by integrated computer
controlled system. FMS is an arrangement of machines
interconnected by a transport system which is accurate,
rapid and automatic.

The manufacturing plant is located in Gwalior which is a
new and developing industry, having a small set up of six
milling centers, two turning centers, one drill and a
hacksaw machine, with a total employee staff of twenty-
five. A small scale industry is manufacturing knuckle joint
for automotive applications for his clients in batch

production of fifty pieces. A mechanical joint is a part of
machine which are used to connect the other mechanical
part or mechanism. Mechanical joints may be temporary or
permanent. Most types are designed to be disassembling
when required.

KNUCKLE JOINT

Knuckle joint is a joint between two parts allowing
movement in one plane only. It is a kind of hinged joint
between two rods, often like a ball and socket joint. There
are many situations where two parts of machines are
required to be restrained, for example two rods may be
joined coaxially and when these rods are pulled apart they
should not separate i.e. should not have relative motion and
continue to transmit force. Similarly if a cylindrical part is
fitted on another cylinder (the internal surface of one
contacting the external surface of the other) then there
should be no slip along the circle of contact. Such situations
of no slip or no displacements are achieved through placing
a third part or two parts at the jointing regions. Such parts
create positive interference with the jointing parts and thus
prevent any relative motion and thus help transmit the
force. One should remember that the rivets in a riveted joint
had exactly the same role as it prevents the slipping of one
plate over the other (in lap joint) and moving away of one
plate from other (in butt joint). The rivets provided positive
interference against the relative motion of the plate.
Knuckle joint is another promising joint to join rods and
carry axial force. It is named so because of its freedom to
move or rotate around the pin which joins two rods. A
knuckle joint is understood to be a hinged joint in which
projection in one part enters the recess of the other part and
two are held together by passing a pin through coaxial
holes in two parts. This joint cannot sustain compressive
force because of possible rotation about the pin. There are
most common in steering and drive train applications where
it needs to move something but also need to allow for offset
angles. A knuckle joint is used when two or more rods
subjected to tensile and compressive forces are fastened
together such that their axes are not in alignment but meet
in a point.

DESIGN OF KNUCKLE JOINT

The assembly diagram of knuckle joint is as shown in fig.
The dimension of knuckle joints are

Diameter of rod = d

Diameter of knuckle pin = dp

Outside diameter of single eye = doe

Outside diameter of double eye = dod

Thickness of single eye =t

Thickness of fork = t1

Axial tensile force on rod = P

(1) Diameter of rod

Consider the rod is subjected to a direct tensile stress
¢ =P /nd?
From above equation, diameter of rod 'd' is obtained.

(2) Design of pin (dp)
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(a) Consider the failure of pin under double shear due to
tensile force.

Therefore, direct shear stress induced in knuckle pin is
given by Equation

¢= P/ 2A = (P/2) / (n/4)d,* = 2P/ nd?
(b) Failure of knuckle pin in bending

Assume there is no clearance or slack but in actual, knuckle
pin is loose in forks to permit angular moment of one with
respect to other, so it is subjected to bending moment in
addition to shear, consider uniformly distributed load along
the portion of pin.

Taking moment about axis XX

M = [(-P/2) x (t/4)] + { (P/2) X [ (t/2)+(t1/3) ] }

= P/2 [(t1/3)+(t/2)-(t/4)]

=P/2 [ (t1/3)+(t/4) ]

Section modulus,

Z=(n/ 32)d,*

Maximum bending stress, 6b

b= M/Z = { P/2 [(t1/3)+(t/4)] } / {(n/ 32)dp*}

Here, we check the pin in bending and find the value of dp
(3) Design of single eye:

(a) To find the outside diameter of single eye (doe) the
single eye is subjected to a direct tensile stress, due to this
single eye under tear.

oct=P/A=P/ (doe-dp)x t

(b) Due to direct tensile strength, the single eye is subjected
to double shear.

Resisting shearing area = 2(doe-dp)*(t/2)
The direct shear stress induced is
g=P/(doe'dp) xt

From this equation the outside diameter of single eye doe is
obtained.

(C) Failure of single eye or pin due to tensile load in
crushing

Resisting crushing area =d, x t
o. = P/(dpxt)

Form this equation crushing stress checked if fail, increase
the thickness of eye (t).

(4) Design of fork (double eye):

(a) The tearing of the double eye at weakest section due to
tension

Area resisting tear = (dor—dp) X 2 t1
ot = p/ [(dor— dp) x 2 t1]
From this equation, find the outside diameter of fork (dof).

(b) Failure of double eye (fork) in double shear due to
tensile load.

Area resisting shear =4 x [(dor—dp) |72 x t1

=2 x (dof — dyp) t1
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The shear stress is given by,
c= p/[(dof— dp) x 2 tl]

From this equation, check shear stress if less than design,
increase thickness of fork ti.

(c) Failure double eye in crushing (thickness of fork)
Double eye may fail in crushing due to tensile load
The crushing stress is given by,

oc = P/( 2xd, xt1)

Check crushing stress or find t1

ANALYTICAL DESIGN:
Assumptions:

1. Rod diameter d = 40mm

2. Load applied P = 9810 N (1Ton)
3. Diameter of knuckle pin (dp) =d
dp = 40mm

4. Thickness of single eye (t) = 1.25d
=1.25x40 t = 50mm

5. Thickness of fork (t1) = 0.75d
=0.75x40 t1 = 30mm

6. Outer diameter of eye (D) = 2d
=2x40 D = 80mm

7. Failure of fork end in tension (ct)
ot =4.0875 N/mm?2

8. Failure of fork end in shear (1)

T=4.0875 N/mm2

L MATERIALS AND METHODOLOGY
MATERIAL SELECTION

There are several materials used for manufacturing of
knuckle joint such as S.G. iron (ductile iron), white cast
iron and grey cast iron. But grey cast iron mostly used.
Forged steel are most demanding material for this
application. For this Structural steel is used Structural Steel

* Modulus of Elasticity: 2.0e5 MPa
* Poisson’s ratio: 0.30

* Density: 7.85e-6 kg/mm3

* Yield Strength: 250 MPa

CALCULATIONS OF KNUCKLE JOINT

PROBLEM: Two mild steel rods are connected by a
knuckle joint to transmit an axial force of SOkN. Design the
joint completely assuming the working stresses for both the
pin and rod materials to be 100 MPa in tension, 65MPa in
shear and 150 MPa in crushing. Refer to figure For failure
of rod in tension, P = 4 d2oy . On substituting P=50 kN,
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oy = 100 MPa we have d= 25 mm. Let us choose the rod
diameter d = 25 mm which is the next standard size. We
may now use the empirical relations to find the necessary
dimensions and then check the failure criteria .d1= 25 mm
t=32 mm d2 = 50 mm t1= 19 mm; d3 = 38 mm t2= 13 mm;
Split pin diameter = 0.25d1 = 10 mm

INTRODUCTION TO CAD

Computer-aided design (CAD) is the use of computer
systems (or workstations) to aid in the creation,
modification, analysis, or optimization of a design. CAD
software is used to increase the productivity of the
designer, improve the quality of design, improve
communications through documentation, and to create a
database for manufacturing. CAD output is often in the
form of electronic files for print, machining, or other
manufacturing operations. The term CADD (for Computer
Aided Design and Drafting) is also used.

Its use in designing electronic systems is known as
electronic design automation, or EDA. In mechanical
design it is known as mechanical design automation
(MDA) or computer-aided drafting (CAD), which includes
the process of creating a technical drawing with the use of
computer software. CAD may be used to design curves and
figures in two-dimensional (2D) space; or curves, surfaces,
and solids in three-dimensional (3D) space.

CAD is an important industrial art extensively used in
many applications, including automotive, shipbuilding, and
aerospace industries, industrial and architectural design,
prosthetics, and many more. CAD is also widely used to
produce computer animation for special effects in movies,
advertising and technical manuals, often called DCC digital
content creation. The modern ubiquity and power of
computers means that even perfume bottles and shampoo
dispensers are designed using techniques unheard of by
engineers of the 1960s. Because of its enormous economic
importance, CAD has been a major driving force for
research in computational geometry, computer graphics
(both hardware and software), and discrete differential
geometry.

IL INTRODUCTION TO CREO

PTC CREO, formerly known as Pro/ENGINEER, is 3D
modeling software used in mechanical engineering, design,
manufacturing, and in CAD drafting service firms. It was
one of the first 3D CAD modeling applications that used a
rule-based  parametric  system. Using parameters,
dimensions and features to capture the behavior of the
product, it can optimize the development product as well as
the design itself.

The name was changed in 2010 from Pro/ENGINEER
Wildfire to CREO. It was announced by the company who
developed it, Parametric Technology Company (PTC),
during the launch of its suite of design products that
includes applications such as assembly modeling, 2D
orthographic views for technical drawing, finite element
analysis and more.

PTC CREO says it can offer a more efficient design
experience than other modeling software because of its
unique features including the integration of parametric and
direct modeling in one platform. The complete suite of
applications spans the spectrum of product development,
giving designers options to use in each step of the process.
The software also has a more user friendly interface that
provides a better experience for designers. It also has
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collaborative capacities that make it easy to share designs
and make changes.

PTC also offers comprehensive training on how to use the
software. This can save businesses by eliminating the need
to hire new employees. Their training program is available
online and in-person, but materials are available to access
anytime.

A unique feature is that the software is available in 10
languages. PTC knows they have people from all over the
world using their software, so they offer it in multiple
languages so nearly anyone who wants to use it is able to
do so.

3D MODEL
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III. INTRODUCTION TO FEA

Finite element analysis is a method of solving, usually
approximately, certain problems in engineering and
science. It is used mainly for problems for which no exact
solution, expressible in some mathematical form, is
available. As such, it is a numerical rather than an
analytical method. Methods of this type are needed because
analytical methods cannot cope with the real, complicated
problems that are met with in engineering. For example,
engineering strength of materials or the mathematical
theory of elasticity can be used to calculate analytically the
stresses and strains in a bent beam, but neither will be very
successful in finding out what is happening in part of a car
suspension system during cornering.

One of the first applications of FEA was, indeed, to find the
stresses and strains in engineering components under load.
FEA, when applied to any realistic model of an engineering
component, requires an enormous amount of computation
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and the development of the method has depended on the
availability of suitable digital computers for it to run on.
The method is now applied to problems involving a wide
range of phenomena, including vibrations, heat conduction,
fluid mechanics and electrostatics, and a wide range of
material properties, such as linear-elastic (Hookean)
behavior and behavior involving deviation from Hooke's
law (for example, plasticity or rubber-elasticity).

IV.  INTRODUCTION TO ANSYS Select static structural right click — insert — select
) rotational velocity and fixed support — Select
Structural Analysis displacement — select required area — click on apply —

ANSYS Autodyn is computer simulation tool for put XY,z component zero -

simulating the response of materials to short duration
severe loadings from impact, high pressure or explosions.

ANSYS Mechanical

ANSYS Mechanical is a finite element analysis tool for
structural analysis, including linear, nonlinear and dynamic
studies. This computer simulation product provides finite
elements to model behavior, and supports material models
and equation solvers for a wide range of mechanical design
problems. ANSYS Mechanical also includes thermal
analysis and coupled-physics capabilities involving
acoustics, piezoelectric, thermal-structural and thermo-
electric analysis.

Select force — select required area — click on apply —
pressure

Select solution right click — solve —

Fluid Dynamics Solution right click — insert — deformation — total —
Solution right click — insert — strain — equivalent (von-
mises) —  Solution right click — insert — stress —
equivalent (von-mises) —

ANSYS Fluent, CFD, CFX, FENSAP-ICE and related
software are Computational Fluid Dynamics software tools
used by engineers for design and analysis. These tools can
simulate fluid flows in a virtual environment — for Right click on deformation — evaluate all result
example, the fluid dynamics of ship hulls; gas turbine

engines (including the compressors, combustion chamber, TOTAL DEFORMATION

turbines and afterburners); aircraft aerodynamics; pumps,
fans, HVAC systems, mixing vessels, hydro cyclones,
vacuum cleaners, etc.

V. STATIC ANALYSIS OF KNUCKLE JOINT

MATERIAL-STEEL

() £ 080 )
— —
1150 5250

AT LOAD-100N

Save CREO Model as .iges format VON-MISES STRESS

——Ansys — Workbench— Select analysis system —
static structural — double click

——Select geometry — right click — import geometry —
select browse —open part — ok

—— Select mesh on work bench — right click —edit

Double click on geometry — select MSBR — edit material
- VON-MISES STRAIN
Imported Model from CREO

(] 10 18006m)

[ET 5250

Select mesh on left side part tree — right click — generate

AT LOAD-110N
mesh —

Meshed Model TOTAL DEFORMATION
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VON-MISES STRAIN

MATERIAL-CASTIRON
AT LOAD-100N
TOTAL DEFORMATION

VON-MISES STRESS

TR0 )

AT LOAD-110N
TOTAL DEFORMATION
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(1] 30 T0.06{mm)
mse 5250
RESULT TABLES

Material | Load (N) | Deformation (mm) | Stress (N/mm?) | Strain
Steel 100 0.00075499 3.7014 1.87e-5

110 0.00082994 4.0815 2.06e-5
Castiron | 100 0.0013741 3.7936 3.49e-5

110 0.0015115 4173 3.839e-5

VI CONCLUSION

From the above results and discussion, Knuckle joint was
design for 100N and 110N axial load by theoretical
calculation. Final dimensions from theoretical calculation,
model of Knuckle joint is made in CREO. In this project,
static analysis done at different loads (100N and 110N)
with different materials (steel and cast iron) in static
analysis, observed the stress values are less steel compared
with cast iron at 100N load. So it can be concluded that the
better material for steel.
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THE AERODYNAMIC ANALYSIS ON CAR
BODY AND DRAG REDUCTION BY
MODIFYING THE DESIGN

Shaik. Chand Mabhu Subhani and P. Sravani,
Department of Mechanical Engineering, Eswar college of Engineering, Narasaraopet, India.
Department of Mechanical Engineering, Narasaraopeta Engineering College, Narasaraopet, India.

Abstract— This is a case study on the influence of CAR on the
global drag characteristics. Reducing overall drag by
redesigning the CAR has a potential of almost 20% in the
overall drag breakdown, mainly due to the viscous effects and
the fluidic interaction of the flow under the car with the
typical bluff body flow pattern behind the vehicle. A special
parameterization is proposed for the global shape of the
sedan car, taking into account most of the specificities of the
system. For such a complex interaction, CFD analysis is
probably the only efficient tool in order to assess specific
design parameterization of a generic car shape. Based on the
CFD results, possible strategies to be used in order to reduce
viscous drag and global drag characteristics are proposed.

Aerodynamic drag is one of the main obstacles to
accelerate a solid body when it moves in the air. Firstly we
analyzed the Sedan car using at a definite velocity to note
down the Drag coefficient. We also noted the velocity,
pressure and Vortex generation around the car body at a
certain velocity. Then we validated our Results with the
Issued Research Paper and we were almost nearer to the
value of Drag coefficient. Further, we tried to reduce the Drag
coefficient by attaching the Vortex generator at the rear end
of the roof of the Car body.

. INTRODUCTION

Aerodynamics is a branch of fluid dynamics
concerned with studying the motion of air, particularly
when it interacts with a moving object. Automotive
aerodynamics is a sub branch dealing with the
aerodynamics of road vehicles. Its main goals are reducing
drag and wind noise, minimizing noise emission, and
preventing undesired lift forces and other causes of
aerodynamic instability at high speeds. Air is also
considered a working fluid in this case. For some classes
of racing vehicles, it may also be important to produce
downforce to improve traction and thus cornering abilities
by understanding the motion of air around an object.

Aerodynamic drag of racing cars has probably
received highest attention over last five decades in using
the experimental and practical field of fluid dynamics.
Many researchers and authors have described different
forms of drag, possible reasons behind them and several
ways of minimizing the drag to improve the fuel efficiency
of the vehicle.
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By defining a control volume around the flow field,
equations for the conservation of mass, momentum, and
energy can be defined and used to solve for the properties.
The use of aerodynamics through mathematical analysis,
empirical approximation and wind tunnel experimentation
form the scientific basis. External aerodynamics is the
study of flow around solid objects of various shapes.
Evaluating the lift and drag on an airplane, the shock waves
that form in front of the nose of a rocket, or the flow of air
over a wind turbine blade are examples of external
aerodynamics. On the other hand, internal aerodynamics is
the study of flow through passages in solid objects. For
instance, internal aerodynamics encompasses the study of
the airflow through a jet engine or through an air
conditioning pipe and other internal flow

conditions.

The vehicle aerodynamic flow process is fall into three
types

(i) Flow of air around the vehicle
(ii) Flow of air through the vehicle body

(iii) Flow of air within the vehicle machinery. Today’s fast-
moving, highly competitive industrial world, a company
must be flexible, cost effective and efficient if it wishes to
survive. In the process and manufacturing industries, this
has resulted in a great demand for industrial control
systems/ automation in order to streamline operations in
terms of speed, reliability and product output. Automation
plays an increasingly important role in the world economy
and in daily experience. Automation is the use of control
systems and information technologies to reduce the need
for human work in the production of goods and services.
In the scope of industrialization, automation is a step
beyond mechanization. Whereas mechanization provided
human operators with machinery to assist them with the
muscular requirements of work, automation greatly
decreases the need for human sensory and mental
requirements as well.

Automation Control System - system that is able to
control a process with minimal human assistance or
without manual and have the ability to initiate, adjust,
action show or measures the variables in the process and
stop the process in order to obtain the desired output.
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The main objective of Automation Control System used
in the industry are:

1. To increase productivity

2. To improve quality of the product
3. Control production cost

1.1 Drag Force

A drag force is the resistance force caused by the motion
of a body through a fluid, such as water or air. A drag force
acts opposite to the direction of the oncoming flow
velocity.

This is the relative velocity between the body and the fluid.

1 2
D= ECP_{\
The drag force D exerted on abody traveling through a
fluid is given by

Where:

C is the drag coefficient, which can vary along with the
speed of the body.

P is the density of the fluid through which the body is
moving

v is the speed of the body relative to the fluid

A is the projected cross-sectional area of the body
perpendicular to the flow direction.

1.2 Vortex Generator

While designing a car, one should consider many factors
in mind like fuel efficiency, aerodynamic properties,
aesthetic considerations etc. In recent year designers are
trying to reduce the drag of the vehicle by using different
techniques. Reason behind the reduction in drag is to
increase the fuel efficiency. VVortex generator is one of the
techniques used to reduce drag of the wvehicle by
controlling flow separation at the rear roof end of a car.
The purpose of using Vortex Generators in car is similar to
the aircraft VVortex Generators.

Viwine gerer atos

rFoA L

100 e

Figure 1.2: Vortex generator and location of vortex generators

II. MODELLING & CFD ANALYSIS ON CAR

CFD is one of the branches of fluid mechanics that uses
numerical methods and algorithms to solve and analyse
problems that involve fluid flows. Computers are used to
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perform the millions of calculations required to simulate
the interaction of fluids and gases with the complex
surfaces used in engineering. However, even with
simplified equations and high speed supercomputers, only
approximate solutions can be achieved in many cases.
More accurate codes that can accurately and quickly
simulate even complex scenarios such as supersonic or
turbulent flows are an ongoing area of research.

The physical aspects of any fluid flow are governed
by three fundamental principles:

1) Conservation of Mass (i.e. Continuity Equation)

2) Newton’s second law (force = rate of change of
momentum)

3) Conservation of Energy (Energy equation)

These fundamental principles are expressed in terms
of basic mathematical equations, which

Generally are either integral equations or partial
differential equations. CFD is the art of replacing the
integrals or the partial derivatives in these equations with
discretized algebraic forms, which in turn are solved to
obtain numerical values for the flow field at discrete points
in time and/or space.

There are two principles used to identify an optimum
shape for the sedan car when we consider drag reduction
as a main objective:

the car needs to perform its basic functions.

j[:fi—U—r]dS -0

§

p‘k %} vdv +£U (U-U, ) ids ‘ - { piidS +£ ridS + pi v
Therefore, shape optimization is performed with
constraints, coming from this basic parameters of the basic
functionality. This includes the total volume, a fixed
geometry for the interior, frozen geometry for the wheels
track.

the optimization with respect to drag reduction is
based on the need to improve cruise drag, without affecting
other dynamic characteristics. This includes the need for a
specific correlation between a down force to be obtained at
a specific cruise speed, without introducing additional
elements (e.g. wings) in order to achieve this.

Therefore, an interesting analysis for the sedan
car would be to identify tools and a methodology for
global drag reduction, by re-designing the lower part of
the car, mainly the floor.

For this geometry, based on detailed CFD analysis, we
consider a set of global data as basic reference:

Reference speed V = 25 m/s (90 Km/h)
Reference Reynolds number Re = 2.5 x 106
Length b = 1.5m)

Reference total drag CD = 0.2411
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Reference lift CL = 0.5662

The lift and drag calculated values are for a "clean"
surface configuration, without all the additional elements
existing on the real car. From experience, if we add all
additional elements, the total drag value for this
configuration is in the range of CD=0.28 - 0.3.

In order to identify a new shape with lower drag, by
only changing the lower part of the body, a
parameterization of the shape is proposed

..........................................................

~ Fig: 2 modelling of car
This parameterization takes into account realistic

elements possible to be changed without violating other
global functional constraints.

Using this parameterization, we look for a new lower
car shape so that the global drag is lower, using
independent variation of this parameters. Main interest is
for the variation of the angular parameters a, B, @, 0 (Figure
5).

The CFD analysis is performed based on a
discretisation of the model in tetrahedral CFD code used
based on unstructured domains, with additional option for
grid refinement close to the solid surfaces.

I1l. NAVIER STOKES EQUATION

The computational flow model is based on the
finite volume formulation of unsteady incompressible
Navier-Stokes equations, outlined in Versteeg and
Malalasekara and implemented in the multi-physics suite
of CFD software . For low Reynolds number flight of
typical low aspect ratio paper airplane models, the flow can
be assumed to be laminar as a first approximation and
modelled as follows:

Where;

U is the absolute local velocity relative to the stationary
(inertial) frame,

r U is the total velocity of the meshed control volume fixed
to a moving body (which consists of the translational
velocity of the body b U and the rotational velocity of the
body where r is relative to the origin of the mesh fixed to
the moving body) which is overset on the stationary
background mesh,

p is the pressure,

f contains all the body force terms
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3.1 Geometry

For the validation, solid model to do analysis in CFD
software to know the different results like Velocity,
Pressure, Coefficient of Drag (Cd) etc.

Fig3: Geometry of Audi A4 without vortex generators.

3.2 Boundary Conditions

2L

Fig 4: Boundary condition of CAR without vortex
generators

Where;
ABCD- Velocity Inlet. (Ui)
EFGH- Pressure outlet.
AEHD, BFGC, AEFB- Far Field.
CDHG- Tangential Velocity. (Ut)
Ui = Ut.
L=4726 mm.

3.3 Meshing

casa eI RSN AT RN ST M eeIIMBT T Ln-®

Fig5: Meshing of Audi A4 without vortex generators
Model no. 2: Audi A4 (with vortex generator).
3.4 Geometry.

After the validation, our aim is to reduce the
Coefficient of drag (Cd). So we considered different
parameters like vortex generator and spoilers. We can’t
put spoiler because it increases the coefficient of drag
(Cd) and it contradicts our aim. So we put 7 vortex
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generators, each of length 80mm, width 20mm, height
90mm and radius 60mm. we placed them 100mm from
the rear end at the top.

Fig 7: Meshing of Audi A4 with vortex generators in
STAR CCM+.

IV.RESULTS

Fig 8: Pressure Contour of Audi A4 without vortex
generator in STAR CCM+

Fig 9: Velocity Contour of Audi A4 without vortex
generator

Figl10: Vortex Contour of Audi A4 without vortex
generator

ISBN: 978-93-91420-07-9
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Figl1: Pressure Contour of Audi A4 with vortex
generator in STAR CCM+.

CONCLUSION

The objective of this analysis was to demonstrate
the importance of the CFD analysis in car optimization,
taking into account the flow under the car. This is the only
available tool for this type of analysis with the potential to
introduce important changes mainly to the optimization
strategy in car industry.

From the results and comparison of simulations, it is clear
that after installing vortex generators, drag and boundary
layer separation is reduced.

Therefore, finally we can conclude that designed vortex
generators have met their purpose of increasing fuel
efficiency and improving aerodynamics stability of vehicle
by reducing the drag.
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DESIGN AND ANALYSIS OF BUMPER
ASSEMBLY TO IMPROVE THE DESIGN FOR
IMPACT

Bachali Rambabu
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Abstract—Now a day’s bumper beam plays a vital role for
accidental prevention in low speed collisions. The main purpose
of this paper is to increase the crashworthiness of the bumper,
lessen the weight, and enhance the cost of the component.
Designing a heavy vehicle bumper beam and sequential analysis
on how it affects the parameters such as shape, thickness and
materials will help in increase the beam strength and reduction
in weight. This also provides a way of using materials that are
recyclable and biodegradable which help in controlling
environmental pollution. The bumper beam of a heavy vehicle
is modelled and analysed with the steel materials and then the
design is modif