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Optimization of M echanical Property of Automobile Components through
I mplementation of Super Hydrophobic Nano Colloid by Surface Finishing

A.Dineshkumar, S. Vasanthasedan, S.Dineshkumar, R. Elavarsan, G. Vijay and K. Kavin Surya
Department of Automobile Engineering, SNS College of Technology, Coimbatore - 641 035, Tamil Nadu
E-mail: dineshaul7@gmail.com, vasanthaseel an.s@gmail.com

Abstract

It is essential to product the chassis and other automotive parts from water, corrosion and mud, By using Nano
composite with Superhydrophobic property. In this research static and dynamic anal ysiswere carried out with the aid
of CATIA for existing dimensions and andysis of chassi s design by using through ANSY S before and after of coating
superhydrophobic mater. Dynamic anaysis states that varying the frequency in different point to find the deflection,
that point will have standard load at any time. Static analysis state that load acting at a point any time in that point
load will be gpplied. Then we haveto makethe colloid of polystyrene with Mangese oxide to form a superhydrophobic
coating, thisisto beformed in acorrect ratio. By using the equipment’s Goinmeter to find the exact contact angle and
Scanning Electron Microcope (SEM) to find bonding were Nano particles are anaysed. Mangese oxide polystyrene
Nano composite solution has been ready to get superhydrophobic coating on the substrate. The centralized coating
techniqueis used to coat the specimen surface using spin coating mechanism. Followed by various testing methods
such as, corrosion test, impact test, hardnesstest (Brindl) and weight anadysis are carried out to anal ysis the mechanicd
properties such as brittleness, ductility, shear strength, stiffness etc.

Keywords: Corrosion test, Contact angle, Hardness test (Brinell), Manganese oxide, Nano, Polystyrene,

SEM
1. INTRODUCTION

In current research hydrophobic surface gained
extreme interest among researcher because of its
advantage over industrial application and micro
structural physical properties. Biomimetic normally
known as artificial material posing a characteristics
similar to the natural material, for example
superhydrophobic material has a special property of liquid
repellent property due to its enhanced hydrophobicity
property which is similar to Lotus leaf property of
repelling water. This hydrophobicity property of
superhydrophobic material drawn the high interest
towards researcher and development of its applicationin
automobile industries, space craft manufacturing. Also
that property of anti-sticking, self-cleaning properties
enhanced its vast application. Among the
superhydrophobic material such as MnO/PS Nano
composite, ZnO-PS Nano composite, precipitated
Calcium carbonate, Carbon Nano-tube composite,
potassium titanate whiskers and polyetheretherketone
(PEEK), ZnO- PS composite drawn a favourable
superhydrophobic properties since it has vase application
in manufacturing rubbers, plastic, ceramic, glass due to
its superhydrophobic property of water contact angle
more than 150~. The surface roughness and wettability

also seemed will be more acceptable. Surface wetting
behaviour can be take into four different regions less
than 10° to 90°, 90° to 150° and above 150°. up to
90° water contact angle surface of the material is
considered as hydrophilic due to its strong attraction
towards water, whereas above 150 posies
superhydrophobic where the percentage of water
attraction towards the surface of the material is very
low. On taking the account of zinc oxide polystyrene
Nano composite the advantage whereas follow its one
of the most economical way of the creating
superhydrophobic coating in numerous systematic way
such as Gel based system, Aero sell spray and by
dipping the object. In contrast on the effect of Zinc oxide
polystyrene Nano composite has more durable property
on gel based coating than other [3,4].

Cheng.et.al in their paper title fabrication of
Superhydrophobic and Superoleophilic polystyrene
surface by a facile one-step method discuss about
preparation of superhydrophobic and Superoleophilic
surface with the aid of polystyrene in the absence of any
modification simultaneously, they discuss about
microbeads and Nano fibre structure, preparation through
electro spring method and property of oil sorbent
[5].Wang.et.al in his research article The effect of self-
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assembly modified potassium titanate whiskers on the
friction and wear behaviours of PEEK composites
discuss about self-assembling of Polytetrafluoroethylene
(PTFE) polyetheretherketone (PEEK) in the presence
of potassium titanate whiskers and n-octade
cyltrichlorosilane (OTS). It discusses about tribological
mechanical properties of PTFE and PEEK with respect
to matrix formation dispersion and interfacial
compatibility in which OTS seemed to be better self-
assembling surface property [2].

In Corrosion behaviour of superhydrophobic surface;
A review, Adel.et.al proposed a review on surface
wetting and stability of superhydrophobic material with
respect to specific surface material such as morphology,
roughness and surface chemistry. Also he compared
the theory superhydrophobic such as contact angle and
young equation and rough surface with Wenzel and
Cassic Baxter models. The competence technique for
manufacturing superhydrophobic material such as sol-
gel process, layer by layer self-assembly icing chemical
and electro chemical deposing respectively. Finally, he
concludes the stability of superhydrophobic surface with
respect to solvent stability, Ph. stability, Thermal stability,
Humidity stability and UV stability [1].

Lin.et.al in their paper Superhydrophobic surface
from Natural to Artificial discuss about naval method to
construct superhydrophobic surface with respect to high
contact angle, multi scale structure that have significant
effect of reduce angle of water droplets, on the other
hand micro array structure have constant influence on
Superhydrophobicity[6]. Inthe paper Superhydrophobic
surface develop by Mimicking Hierarchical Surface
Morphology of Lotus leaf discuss about the primitive
property such as self-cleaning, anti- corrosion and non
metability collecting known as lotus effect. It discusses
with reference to high water contact angle of above
150° and slow slide angle less that 10~ stance the
major explosion of artificial superhydrophobic material.
Also they briefly reviewed about Mimicking natural
superhydrophobic property of lotus to artificial material
with respect to micro and Nano structure using various
polymers. In this current research MnO polystyrene was
employed to evaluate superhydrophobic and subject to
hardness, corrosion and SEM test and results were
evaluated separately [7].

2.0. EXPERIMENTATION
2.1. Pre-processing of Coating Material

IJEST Vol.11 No.1 January - June 2017

In pre-processing of coating material MnO was
purchased from local vendor — Chennai of research
quality. MnO employed in pre-processing of coating
material is found to have 4.8 g/cm® density with high
melting point at 1989°C. Also it has high solubility range
of 0.0004% at 17.8°C and Refractive index of 2 [8,11].
Table 1 shows the property of MnO.

Manganese oxide obtained was in the form of
crystalline, further processing involves grinding of MnO
to powder form for subjection to UV testing in order to
manipulate the crystal size. This crystal size graphing
was recorded in order to fix the required size/acquire the
required size for processing. Figure 1&2 represents the
ultra violet spectroscopic for crystal size graphing of
MnO.

Tablel Propertiesof MnO.

Chemical Formula MnO
Appearance Brown solid
Density 4.3 g'-:rﬂJ
Melting point 1565°C

Solubility in water 0.0004% {IT.SOC:)
Refractive Index 2

Absorbance

T T 1
300 250 400 450 500 T 000

Wavelngth{nm

Abaorbarce

-

Warvelengthinm

Fig. 1 &2 UV spectrometer analysis for crystal size
graphing of MnO.
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Further MnO was surface washed in the presence of
methanol in Ultracentrifuge (C.24 BL). Table 2 specifies
the technical attributes of Ultracentrifuge used.

Table2 Technical Specification of Ultracentrifuge

Maximum Capacity 3.0 Liter

Speed 20000 RPM
Weight 128kg

Timed Run Up to 99 hours, 39 min
Rotor Capacity 4x750 mL
Electrical Requirements 60Hz, 120V

In Ultracentrifuge for varying the RPM between
2000-4000 RPM for the period of 20-30 mins MnO
was subjected to surface wash with methanol. Resulting
MnO obtained was sedimented in rotor tube at ultrapure
stage.

2.2. Fabrication of MNnOPS Composite Coating
Material

In the process of fabrication ultrapure MnO obtained
was mixed with polystyrene in the liquid state at 260° to
270°. Initially varying polystyrene ratio of 2 to 6 % of
MnO was tested. In which 9.5:0.5 % of MnO to
polystyrene stands the best and optimized colloidal
mixture [9]. The mixing of MnO to Polystyrene was
carried out in the presence of integrated thermocouple
for generating heat and thermal magnetic stirrer.
Properties of polystyrene was show in table 3.

Table3 Propertiesof Polystyrene

Density 0.94-1.04g/em®
Melting Point 240°C
Refractive Index 16

Young's Modulus 3000-3600 MPa

Tensile Strength 46-60 MPa

Specific Heat 13 klkgK)

Specimen to be testing with superhydrophobic
coating was initially surface grinding and cleaned with
methanol. Various techniques intended for coating
material on specimen were as follows get based system,
aero-sol spray and by dipping the object [12,13]. Here
gel- based system was employed because of its
optimized usage of coating material and even spreading
of coat on the surface. Technical specification for Spin
coater machine NXG-P1 was illustrated in table 4.

Colloid by Surface Finishing
Table4 Technical Specification of Spin Coater

10000RPM

Maximum Speed

Acceleration/Deceleration 1-25.5 seconds
17 3kg

17to 25 Hg

Weight

Vacuum Input

Power Input 115V, 230AC

Specimen to be coated is fixed on the holder at 20-35
bar pressure in order to avoid slipping of specimen during
coating. Initially disc is rotated at the speed of 3000rpm
for 30 seconds with acceleration during this process
colloidal calculation is made to be dropped at the centre
with the aid of micro pipette for the higher accuracy this
step is again repeated for varying rpm for increasing time
and constant acceleration for even coating of
Superhydrophobic colloidal coat on the specimen at
constant rate [10].

3.0. RESULT AND DISCUSSION

Specimen coated with Manganese oxide polystyrene
composite coating to enhance the superhydrophobic
property of the base material was subjected to hardness
test, corrosion test and SEM test and results were
summarised as below.

3.1. SEM test

Scanning Electron Microscope analysis was employed
on powder zinc oxide. It was analysis of particle, failure
analysis on mixing with polystyrene external morphologic
characteristic and orientation of the material with respect
to specimen. Here SEM instrument used for analysis
has a capacity of X25 to X1,000,000 magnifications,
maximum accelerating voltage of 30 kV with built in
energy filter, aperture angle control lens and dictator and
general beam. And figure 3, 4, 5, 6 shows the Nano
structure of MnO at standard accelerating voltage of
20 kV was varying magnification resolution of X20K,
X30K, X10K and X55K, it can be concluded at particle
size is Nano structured enough to be coated on
specimen. Technical specification of scanning electron
microscope is shown in Table 5. The close size of the
coated of the particle can be measure up to 15@m,

0.55@13m 0.25@Rm [14].
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Table5 Technical Specification of Scanning Electron

Microscope
Magnification 2310 1,000,000
Accelerating Voltage 0.1kVto 30kV
Digital Image 1280%960 pixels
Energy Filter New r-filter
Aperture Angle Control Lens Built-in

Upper detector,

Detect

ectors Lower detector
Gentle Beam Bult-in
Rotation 360°

P o kR Y  nase

3.2 Hardness Test

Hardness test is experimented on coated and
uncoated specimen (MnO/PS coating). This is carried
out in order to explore the stiffness/temper or resistance
of metal to plastic deformation commonly by indentation.
Brinell hardness test is carried out in which indenter will
standard ball diameter of 10mm was employed. Table 6
represents the technical specification of brinell hardness
testing machine employed. Here load apply is 3000 N.
Diameter of indentation on the specimen with coating
and without coating was observed under microscopic
environment. The trail was repeated for 3 times and
average of Brinell hardness number (BHN) was found
to be 391 for the specimen with coating on comparing
with specimen without coating of 242 BHN, from this
we can concluded the hardness of the material increases
after coating due to the effect of MnO/PS composite
coating [16]. Reading and calculations were shown in
table 7.

Table 6 Technical Specification of Brinell Har dness
Testing M achine

Fig.3 SEM image at 20K Fig.4 SEM image at 30K Maximum Load 3000N
Optical Zoom i
p Optical Zoom R — 165425
Diameter of the Indenter | 2 5mm. 5mm. 10mm
Machine Height 650mm
Maximum Test Height 225mm
Weight 63kg
Wy
: 20MV° XB5000 0.2pm 28 SE
Fig.5 SEM image at 40K Fig.6 SEM image at 55K
Optical Zoom Optical Zoom
Table 7 Calculation for Brinell HardnessNumber
Diameter of Indentation ‘d’ BHN
(mm)
SL No. [ Ball Diameter | Load Applied
(mm) Pin N Without With Without
Coating Coating Coating Coating
1 10 3000 53 37046 237.21
2 10 3000 5.1 458.19 267.85
3 10 3000 54 34645 22343

IJEST Vol.11 No.1 January - June 2017
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3.4 Corrosion Test

Main aim of the experimental investigation is to
reduce the rate of corrosion and to enhance the
superhydrophobic property of material with aid of Nano
composite coating. Here the specimen (coated and
uncoated) is subject to corrosion under heavy water (of
high salt and iron constant) and soft water (employed of
laboratory purpose) observation were made at the
internal of 6 hrs up to 56 hrs the experiment is repeated
twice and the result shows rate of corrosion by formation
rust over the specimen seems to the higher with uncoated
specimen whereas specimen coated was stable and rate
of corrosion seems to be very low [15]. Figures 5 & 6
shows that inference taken at 28 hrs of observation under
hard water and soft water.

Fig.7 Observationin Hard water

)

Fig.8 Observation in Soft water

3.5 Contact Angle Measurement

Superhydrophobicity of the object is determined by
its contact angle with water droplets. Here water is
made fall on the specimen surface was illuminated with
the aid of high beam light in order capture the water
droplet and specimen with aid of high resolution camera.
The image output obtain was subject to microscopically
analysis. Figure 7 shows the contact angle measurement

Colloid by Surface Finishing
of image taken. In which the contact angle for
superhydrophobic material [17].

Fig.9 Contact angle measurement image
4. CONCLUSION

e Formulation of Nano composite coating (MnOPS)
was carried water static experimental condition.
Enhanced ratio of polystyrene zinc oxide was found
to be 11:0.5 which is optimal mixing ratio for colloidal
coating.

e Ultracentrifuge and spin coater were employed to
purify the MnO and to make the superhydrophobic
coating on the test specimen.

e SEM test was carried out between zooming of 20k to
55k at 20kV and molecule of microscope size

0.25@0R5@ZU to 150R5@ZU were found.

e Hardness test and corrosion test were carried out on
specimen with coating and without coating in which
specimen with Nano composite coat seems to have
better Brinell hardness number and high corrosion
resistance.

e Ultimate property of Superhydrophobicity i.e. contact
angle between water drop and specimen was
measured at the aid of Goniometer in which result
obtained source contact angle of 154°.

Above result were interconnected and interpreted to
quantify the superhydrophobic layer coating on specimen
and the result sources positive variation and better
superhydrophobic layer formation.

IJEST Vol.11 No.1 January - June 2017
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Abstract

This study discusses about modeling and simulation of the entire conventional power train. Modeling
and simulation is carried out using MATLAB/SIMULINK package. This package involves the creation of
components through visual programming technique as hierarchical sub systems. The powertrain simulation
using simulink has an efficient support to optimize cost and duration of the whole engine in terms of
technological developments. The series of steps involves the modeling of entire power train, simulation and
obtaining the result graphically. Modeing is carried using the specifications of Maruti Alto. After
modeling, power train is subjected to simulation process. Smulation results helps to determine the
performance characteristics such as engine speed, torque developed for various gear ratios, power |0ss
occurring inside the system and tire torque characteristics. The results are viewed graphically. These results
will also establish the interaction between powertrain and vehicle dynamics factors contributing significantly
to the vehicle handling and ride response characteristics. Using the results obtained for the conventional
power train, modeling and simulation can be carried out for an eectric hybrid vehicle. This helps the user to
understand the technique and procedure which is involved in complete designing of a power train before the

prototype construction begins.

Keywords:MATLAB/SIMULINK, Smdriveline, Modeling, Simulation and Speed-Torque characteristics.

1. INTRODUCTION

Computer modeling and simulation can be used to
reduce the expense and length of design cycle of
conventional vehicles by testing configurations and
energy management strategies before prototype
construction begins. MATLAB/SIMULINK isasystem
level modeling, simulation and ana ysi s package to study
issues related to conventiona vehicle design such as
energy efficiency, fuel economy and vehicleemissions.

Simulink is a program that runs as a companion to
MATLAB, these programs are devel oped and marketed
by the MathWorks limited. Simulink and MATLAB
form a package that serves as a vehicle for modeling
dynamic systems. Simulink provides a graphical user
interface (GUI) that is used in buil ding block diagrams,
performing simulations, as well as analyzing results.
Simulink is integrated with MATLAB, providing
immediate access to an extensive range of tools that
hel psthe user to deve op dgorithms, analyze and visudize
simulations, cregte batch processing scripts, customize
the modeling environment, and definesignd, parameter,
and test data.

In SimDriveline, one has an access to all Simulink
functionality. Using sensor blocks, one can measure
values for velocity, acceeration, and torque and pass
these signals into standard Simulink blocks. Actuator
blocks enable Simulink signals to define vaues for
driving torques or prescribed motion parameters for
shafts.SimDriveline can be used for a variety of
automotive, aerospace, defence, and industrial
applications. It is particularly suited to the devel opment
of controllersfor automotiveand aerospaceindustry.

The conventional internal combustion engine driven
drivetrain was designed based on the specifications of a
Maruti ALTO. It is a four-door hatch back five-
passenger vehicle with adesired 0-60 mph in the 10-s
range characteristic and a curb weight of 1580 kg.The
vehicles five-speed manual transmission with a clutch
retaining is modeled for the same overal gear ratios.

2. METHODOLOGY
2.1 Collected Data

The powertrain modeling and simulation is carried

with the help of the standard values and specifications
available for Maruti Alto. Engine torque and torque at
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gear box for various gear ratios is calculated manualy
using the specifications and standard values. The table

illustrating the specifications a ong with some standard
valesisgiven beow.

Table1 Specificationsand Sandard Valuesof Maruti ALTO

Overall Length (mm) 3495
Owerall Width (num) 1475
Overall Height (mm) 1460
Wheel Base (mm) 2360
Ground Clearance (mm) 160
Dimensions and Weights
Front Track (mm) 1295
Rear Track (mm) 1290
Kerb Weight (kg) 735
Gross Vehicle Weight (kg) 1165
No of Doors 5
Maxirmum Speed 137 kmph
0-100kmph 2135s
Engine Type/Model FC engine
Displacement cc 796
Performance
Power (PS@1pm) 47PS @6200rpm
Torque (Nm@rpm) 62Nm @3000mpm
Compression Ratio = |
No of Cylinders (cvlinder) 3
Transmission Tvpe Manual
Gears/Speeds 3Gears
Gearratios: first 352
Second 2.16
Third 1353
Transmission Data
Fourth 09
Final drive 43

2.2 Modding Using Simdriverline

SimDriveline includes simple vehicle component
library that helps the user to develop a complete
powertrain modd . These models enable early evaluation
of overdl system performance. Library includesalist of

IJEST Vol.11 No.1 January - June 2017

automotive components that can be clicked and dragged
tothe editor page asillustrated in thefigure 2a By double
clicking the component, the necessary dialogue box is
appears on the screen representi ng the appropriate data
that can be entered with the help of the specifications.
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2.3 Engine

The Gasoline Engine block in Simdriveline models a
gasoline-fuel, spark-ignition engine with a speed
governor. The engine runs at a variable speed that a user
can control with a Simulink throttle signal. The throttle
signal directly controls the output torque generated by
an engine and indirectly controls the speed at which the
engine runs. If the engine speed exceeds the maximum
speed than specified by the user, the engine generates no
torque.

The block accepts the throttle signal through a
Simulink inport. This signal specifies the engine torque as
a fraction of the maximum torque possible in a steady
state at a fixed engine speed and should lie between 0
and 1. Athrottle signal below zero is interpreted as zero
and greater than one, as one.

2.4 Clutch

Modeling of clutch involves dragging of friction clutch
to the editor page. It is connected to the output of engine
through the connector available. By double clicking the
clutch model a necessary dialogue box appears which
involves certain parameters regarding the type of clutch
material. Since the type of clutch material is not
mentioned in the manufacturer’s catalogue, the standard
clutch material is taken from Design Data book. The
following table shows the different properties of
commonly used clutch materials.

2.5 Gear Box

The purpose of a gear set is to transfer rotational
motion and torque at a known ratio from one driveline
axis to another. The type of gear box can be
selected according to the passenger vehicle from
simulink library. By dragging the component, the selected
gear box is bought to the editor page. The clutch output
and the gear box can be joined using the connector. By
double clicking the gear box, a dialogue box specifying
the necessary gear ratio is obtained.

The choice of signs indicates that the gears can spin
in the same or in opposite directions. If the gears are
external to one another (rotating on their respective
outside surfaces), they rotate in opposite directions. If
the gears are internal to one another (rotating with the
outside of the smaller gear meshing with inside of the
larger gear), they rotate in the same direction.

2.6 Torque Sensor

The Torque Sensor block measures the torque
transferred along a driveline axis at the point where the
Torque Sensor is inserted. A positive torque is transferred
from the base (B) axis to the follower (F) axis at that
point if the follower axis accelerates positively with
respect to the base and if no other torques are applied to
the follower-connected inertias. The torque is output as
a Simulink signal in newton-meters.

2.7 Differential

The Differential block represents a differential gear
that couples rotational motion about the longitudinal axis
to rotational motion about two lateral axes. Any one of
the lateral axis can be considered as an input. In normal
use, the longitudinal shaft is the input, and motion, torque,
and power flow out through the lateral shafts. The output
axes, in general, have different angular velocities. The
longitudinal motion is divided by the drive gear ratio that
a user can specify and then split between the two lateral
shafts.

2.8 Tires

The Tire block models a vehicle tire in contact with
the road. The driveline port transfers the torque from the
wheel axis to the tire. The user must specify the vertical
load Fz and vehicle longitudinal velocity VVx as Simulink
input signals. The model provides the tire angular velocity
Q and the longitudinal force Fx on the vehicle as Simulink
output signals. The convention for the Fz signal is positive
downward.

3. MODELING A POWER TRAIN

A power train is a system of mechanical parts in a
vehicle that first produces energy, then converts it in order
to propel it, whether it be an automobile, boat or other
machinery. The model includes engine, transmission
system, differential unit and rotating tires. Longitudinal
vehicle dynamics is also added in order to carry out the
real time simulation. Inertia is added to all rotating
components including gear box, differential components
and tires.

Signal builder model is used to generate the input
signals to the engine and clutch. Input signal of the engine
includes the throttling conditions such as part or full
throttle operations. Clutch pressure required for engaging
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and disengaging is indicated using the signal builder block.
From clutch the torgue is transmitted to the gear box.
The torque is increased or decreased depending upon
the gear ratio mentioned in the parameter block of a

gear box. The torque sensor is used to measure the
torque available at the output transmitted to the

differential and to the road tires.

.
Smcire [pre 5"

ollop—

i

Fig.1 Layout of powertrain model in simdriveline environment

4. SMULATION OF A POWER TRAIN

Once the powertrain model is modeled in a model
editorial page, the user can specify the parameters on
the configuration parameter dial ogue box as mentioned
earlier. The user can start the simulation by selecting
the start button that is available on the model tool bar.

5. RESULTS AND DISCUSSIONS

Conventional power train is simulated with the
specificationsavailablefor thegivenvehicle, toillustrate
the performance potential. The model ed power trainis
simulated for different throttling conditions and gear
ratios. The simulation time ranges from 0-10 seconds.
Maximum simulation i s taken as 10seconds because of
available system configuration. Extended period of
simulation requires a system with very high system
configuration or should be connected with a super
computer. The output of the simulation is viewed
graphically with timein x-axisand varying parameter in
y-axis. Theresults obtained during the simulation are as
follows:
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(AR BON TOROUE CHARACTERISTICS (FULL THRO

Fig. 4 Tiretorque characteristics

Time (s

Fig. 5 Torque characteristics at agear ratio of 0.9
6. CONCLUSION

In this study,powertrain model was developed to
simulate for different throttling and gear ratios using

Matlab/Simulink package. Simulation study helpsusto
determine the performance parametersof the powertrain
such as engine torque for various operating conditions,
gear box torque characteristics for variuos gear ratios,
power loss duetoinertiaof rotating componentsandtire
torque respectively. Also thesimulated valueiscompared
with the cal culated and experimental values hel ping the
user to interrupt the losses occuring inside the system.
This interruption indicates that simulated values vary
largely with the calcul ated values. Thisismainly dueto
mechanical |osses occuring insidethe system along with
the inertia of rotating components.This can be avoided
by adding the mechanical or transmission efficiency in
simdriveline model. Longitudinal vehicle dynamics
factors can also be changed depending on the
requirement of the vehicle. This enables the user to
design a new drivetrain with increased efficiency and
decresed power |oss.
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Abstract

Leaf Spring manufacturing includes series of process which also includes hardening, in which the
mechanical property of the leaf spring is optimized for application followed by hot chambering, in which the
human was employed to handle the leaf spring from the furnace and transformed to cambering dye. In this
project, during the process material handling by human at 950°C, creates the more ill effect for the human.
The overheat forces the employees to change their shift which leads to time lag in the production. This time lag
affects the total production rate. To rectify and overcome this problem, Gantry robot is employed between the
furnace and hot cambering dye to replace humans. The Gantry robot simultaneously replace the human also
increases the production rate of the leaf spring. In conventional method using labour, it takes 11 seconds to
complete this operation, whereas it reduce to 4.22 seconds when gantry robot employed in operation. X and
Y axis were controlled during gantry operation. The implementation of the gantry robot significantly produces
considerable reduction in error and increase in production rate. On another account investment on establishing
the modern method can be recover through per capital income for the period of 13 months the comparison of
human and gantry robot operation observed outcome of the implementation was as increased production rate
by at least 1.75 times the conventional method followed by reduction in error %, very less human involvement,
Decreased maintenance cost and activity, continuous work flow and reduced work time per work piece etc.

Keywords: Cambering, Furnace, Gantry robot, Leaf Spring

1. INTRODUCTION

Automation or automatic control, is the use of
various control systems for operating equipment such
as machinery, processes in factories, boilers and heat
treating ovens, switching on telephone networks, steering
and stabilization of ships, aircraft and other applications
with minimal or reduced human intervention. Some
processes have been completely automated. The biggest
benefit of automation is that it saves labour; however, it
is also used to save energy and materials and to improve
quality, accuracy and precision. Fundamentally, there are
two types of control loop; open loop control, and closed
loop (feedback) control. In open loop control, thecontrol
action from the controller is independent of the “process
output” (or “controlled process variable”). A good
example of this is a central heating boiler controlled only
by a timer, so that heat is applied for a constant time,
regardless of the temperature of the building. In closed
loop control, the control action from the controller is
dependent on the process output. In the case ofthe boiler
analogy this would include a thermostat to monitor the
building temperature, and thereby feedback a signal to
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ensure the controller maintains the building at the
temperature set on the thermostat. A closed loop
controller therefore has a feedback loop which ensures
the controller exerts a control action to give a process
output the same as the “Reference input” or “set point”.
For this reason, closed loop controllers are also called
feedback controllers. [1,2,3] Oliver Sawodnyet.al, Inthe
context of further automation of manufacturing
processes, automated transportation of heavy weights
using cranes becomes more and more important.
Applying the skills of robots to crane automation, a wide
market of new applications could be developed. The main
ideais to interpret the crane as a large workspace-serving
robot. The crane hook represents the effector of the
robot. As an example, for the effector, an automated
storageand retrieval unit for rack operations by a crane
with three active auxiliary effector axes has been
developed and integrated into the control concept. The
control has been realized for a reconstructed 5-t-bridge
crane with workspace dimensions of 30m*8.7m*7m. Eric
Barnett Clement et.al Gosselin Although additive
manufacturing (AM) is now a well-established industry,
very few large-scale AM systems have been developed.
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Here, we introduce a largescale 3D printer, which uses
a six-degree-of-freedom cable-suspended robot for
positioning, with polyurethane foam as the object material
and having foam as the support material. Cable-
positioning systems provide large ranges of motion and
cables can be compactly wound on spools, making them
less expensive, much lighter, more transportable, and
more easily reconfigurable, compared to the gantry-type
positioning systems traditionally used in 3D printing. The
3D foam printer performance is demonstrated through
the construction of a 2.16-m-high statue of Sir Wilfrid
Laurier, at an accuracy of approximately 1 cm,mwhich
requires 38 hours of printing time. The system advantages
and drawbacks are then discussed, and novel features
such as unique support techniques and geometric
feedback are highlighted. Finally, a description of the
planned system modifications is provided. [4,5] S.B.Choi
et.al, S.S.Han, K.H.Kin, C.C.Cheong This paper presents
new feedback actuators to achieve an accurate position
control of a flexible gantry robot arm The translational
motion in the plane is generated by two dc motors and
controlled by electro logical clutch actuators.

The generated motion can be continuously controlled
by controlling the intensity of electric fields imposed to
the ER fluiddomains of bidirectional rotating ER clutches
On the other hand during control action of the
translational motion a flexible arm attached to the moving
part produces undesirable oscillations due to its inherent
flexibility. The oscillations are actively suppressed by
employing feedback voltage to the piezo ceramic actuator
bonded on the surface of the flexible arm. Consequently
an accurate position control at the endpoint of the flexible
arm can be achieved. In order to accomplish this control
target the governing equations of the proposed system
are derived and rewritten as transfer functions to design
arobust controller. The control electric fields to be applied

to the ER clutch and the control voltage for the piezo
ceramic actuator are determined via the loop shaping
design procedures LSDP in the control technique. Control
results of position regulating and tracking are provided
to evaluate the effectiveness of the proposed
methodology. [6, 7]

2. MATERIALS AND METHODS

The Material for the frame is selected based on its
property, the material is stainless steel grade 316.The
density of the material is 8.07mg/m3 ,the melting point
of the material is 1673k,the hardness of the material is
2200mpa,the Poisson ratio ism0.275,the young’s modulus
is 205mpa,the loss of coefficient is 0.00148 and the
thermal conductivity is 17w/mk. Table 1 shows the
material property of frame. [8]

Table1 Property of Frame
Varant grade 316
Density 2.07TMg/m"3
Melting Point 1673 K
Hardness 2200Mpa
Poisson ratio 0.275
Young's Modulus 205 Mpa
Loss Co efficient 0.00148
Thermal Conductivity 1TwmK

The stepper motor of the robot is 22Kg torque,2.5
volts. The model no of the PLC Controller is
6ES72141AD230XB8 and 13 no. of memory is used.
The compressor has a power of 2.5hp, Speed of 2850
rpm, Pressure of 115psi/8bar and capacity of 192 L/min.
The Infrared sensor 1 memory stick, has a electronic
range of 3-7cm and has a 2.54mm of breadboard
compatibility. Table 2 shows the specification of stepper
motor. [9]

Table 2 Specification of Stepper M otor

Stepper Motor

22kg torque, 2 5volts, 2. 5amps.

-~z

PLC Controller

No. of Memory Sticks- 13, SIEMENS. Model
No.:6ES72141AD230XB8

Compressor

Power-2 5hp, Speed:2850 rpm,
Pressure:115psi/8 bar, Capacity:192

Infrared sensor

No. of Memory Sticks:1, Electronics with a
range of 3-7 cm, 2.54mm with breadboard
compatibility
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3. RESULTS AND DISCUSSION

Using the human employee, the company can finish
their 1 jobat 11 to 12 seconds and 10 jobs at 110 to 120
seconds.1 shift of the work is 20 minutes.85 to 90 pcs
are done per shift and total shift for 1 day is 15. Total
pieces done in 1 day is 850 to 900 pieces. Table 3 shows
the job calculation for human. Using the robot, the
company can finish their 1 job at 6 seconds and 10 jobs
at 60 seconds,218pcs are done per one shift and total
shift per day is 15. Totally 2000 pcs are done per day.
Table 4 shows the job calculation for robot. Figure 1
depicts the comparison of human and machine
comparison. [10].

Table3 Job Calculation with Human Jobs Timein Seconds

One job 11-12
10 jobs 110-120

One shift 72000(20 minutes)
Total job per shift 85-90pces

Total shift 135 Total pcs per day | 850-900pcs

Table4 Job Calculation with Robot Job Timein Seconds

One job 6

10 jobs 60

One shift 72000(20 nminutes)
Total job per shift 218 pes

Total shift 15 Total pcs per day | 2000 pes
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Abstract

Geopolymer mortar is a green sense composite material for construction. Silica fume blended with
geopolymer mortar helps in easy blending and improves the cohesion and mechanical properties. Geopolymer
is a low carbon dioxide cementitious material when compared to Ordinary Portland Cement. The binder
used in geopolymer is sodium based alkaline activators. Ferro cementitious construction have taken a
great development in constructing various shapes of structure, which paved way for the development of green
sense ferro geopolymer chaise lounge, that can enhance the aesthetic of a garden lawn. The ferro geopolymer
chaise lounge is well planned, designed and analyzed using computing applications like Auto CADD, 3Ds
Max and STADD Pro. The analyzed lounge is moulded and casted into designed shape. Finished chaise

lounge is tested for non-destructive tests and loading tests. And thus introduced for use of personage.

Keywords: Alkaline solution, Ferro cement construction, Geopolymer, Low carbon dioxide

1. INTRODUCTION

Cement is a fundamental raw materia used in
construction.  As a greener aternative, calculated
percentage of cement can bereplaced by other materials
such as fly ash, rice husk ash, metakaolin, silicafume
etc. Fly ash is one of the most normally preferred
substitutesfor cement because concrete workability and
durability are enhanced by fly ash by their small sizeand
round shape. Silicafume as ablender to flyash enhance
the strengthening property of the mortar. Geopolymer
fitsinto an emerging class of cementitious material sthat
utilize ,,fly ash, one of the most abundant industrial by-
products on earth, as a substitute for Portland cement.
Thedevelopment of geopolymer material isanimportant
step towards the production of eco-friendly materials.
Geopolymer isan inorganic alumino-silicate compound,
synthesized from materials of geological origin or from
by-product materials such asfly ash, rice husk ash, etc.,
that arerichin silicon and aluminium. Fly ash is one of
the residues generated from the combustion of coal. Fly
ash is generally captured from the chimneys of coal-
fired power plants. Consumption of fly ash in the
manufacture of geopolymer is an important strategy
in making materials more environment friendly. For
this reason, fly ash has been chosen as a base material
for thisproject in order to utilizethisindustrial wasteina
better way.

For thisreason the present project aims at replacing
cement with flyash using geopolymer technology and also
blending silicafume so that the consumption of OPCis
reduced and hence reduced CO2 emissions.

1.1 Silica Blended Geopolymer

Fly ash is a fine powder recovered by electrostatic
precipitation from the gases of burning coal during the
production of electricity in thermal power plants. It is
available abundantly worldwide. Presently, as per the
Indian Ministry of Environment & Forest Figures, only a
little percentages of fly Ashisbeing usedin manufacturing
cements, construction concrete, block & tiles and some
aredisposed off inlandfillsand embankments but ahuge
amount of fly ashisunutilized.

Fly ash isrich in silicaand alumina. Theoretically,
any aluminosilicate material can be used as a base
material to produce geopolymer binder. The various
aluminosilicate materials such as metakaolin, Fly ash,
GGBS, Silica fume etc. have been used by many
researchers as base material to make geopolymer. The
fly ash, asolid waste generated in thermal power plants,
if used properly has full potential to use as one of the
base material for producing geopolymer binder.

Again, thetrendsin early strength across aparticular
group of fly ashesdo not matchthetrendsinfina strength
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for the same ashes. Therefore, producing the flyash
based geopolymers with consistent physical and
mechanical properties despitethe variability intheraw
materialsisachallenging issue. Here comes the concept
of blending of some supplementary material like silica
fumeasitisbeing done successfully incase of traditional
cement based concrete. Addition of some supplementary
materiaslikesilicafume, whichitself is capable enough
to form Geopolymer binder in similar condition, as
blending material with fly ash may be beneficial inthis
field to supplement the ultimate product properties. In
case of producing blended fly ash based geopolymer,
thorough understanding of synthesi zing parameters and
their effect on microstructure and macroscopic
properties is essential for optimizing processing
parameters and product properties efficiently.

1.2 Ferro-Cement As Ferro-Geopolymer

Ferro-cement (thin-shell concrete, ferro-concrete) is
asystem of reinforced mortar or plaster (limeor cement,
sand and water) applied over layers of metal such as
chickenwire or woven or expanded metal mesh or fibers
and possibly closely spaced small-diameter steel rods
such as rebar. Ferro-geopolymer is a similar system
of ferro-cement where cement is eliminated and filled
with geopolymer composite.

2. MATERIALS USED

Flyash : Flyash of ClassF from Mettur Thermal Power
Plant (MTPP) was used. Flyash used are confirming to
1S3812-1981.

Silica Fume : Silica fume used was obtained from
Coimbatore. It used as per the Silica Fume

User s Manual.

Fine aggregate : Clean and dry river sand available
locally was used. Sand passing through IS

4.75 mm sieve was used for casting all the specimens.
Fine aggregate used are confirming to IS

383-1970.

Water : Castings of specimens were done with the
potable water.

Alkaline Solution : Sodium Hydroxide and Sodium
Silicate are used to prepare the geopolymer mortar.
WireMesh : Chicken mesh or hexagonal wiremeshis
used to cover the skeleton.

TMT Rods for Skeleton : 8mm TMT rods are
used as the entire skeleton of the ferro geopolymer
chaiselounge.
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3. PRODUCT LAUNCH-FERRO GEOPOLYMER
CHAISE LOUNGE

Thedesigned ferro geopolymer chaiseloungeiswell
planned and analysed using various computer applications
and explained indetail ed.

3.1 Pre Process- Stage 1
3.1.1 Planning & Drawing

The ferro geopolymer chaise lounge is planned and
detailed using Auto CADD.

)

Fig.3.1 Section View-Ferro Geopolymer Chaise Lounge
3.1.2 3D Modelling

The ferro geopolymer chaise lounge is modeled
using 3Ds Max.

Fig. 3.23D Mode
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3.1.3 STADD Analysis

The ferro geopolymer chaise lounge analysed using
STADD Pro. Itsis analysed for required support and .
loading conditions. For which the bending moment, shear \
force and deflection are analysed and studied.
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3.1.4. ANSYS Analysis

Theferro geopolymer chaise lounge analysed using ANSY S.

Fig. 3.14 Stress Intensity

: ES 3.2 Pre Process - Stage 2
Fig. 3.10Modelling 3.2.1 Preperation of Mould

The mould was designed and manufactured from am
industry in SIDCO, Coimbatore. It was made of mild
steel and was fixed with bolts.

Fig. 3.11 Reinforcement

-

Fig.3.15 Mould Designed

Fig. 3.16 Mould Position

3.2.2 Formation of the Skeleton

TMT Rod of 10mm diameter was used as skel etal
reinforcement and the mesh was wound around it with
bindingwires.

Fig. 3.13 Deflection
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Fig. 3.17 Welding of bars

3.3 Post Process — Construction of Ferro
Geopolymer Chaise Lounge

3.3.1 Mix Ratio 1:2 (Flyash-Silica Fume
Blend: Sand)

Fig. 3.18 Skeletal Reinforcement

Binder - Alkaline solution (Sodium Hydroxide &
Sodium Silicate) Blend - Flyash (FA) & Silica
fume(SF)

NaOH = 9.6% of binder

Na2SiO3 = 2.5 times of NaOH = 24% of binder

Table3.1Mix Ratio

Mix Constituents Binder-Blend
Mix ; Na25i03/NaOH
FA SF Sand Ratio S
Geopolymer
Mortar 0925 0.075 2 034 5
7.3% slica fume

3.3.2 Preparation Of Blended Geopolymer Mortar

e The flyash and river sand were first mixed dry for
about 3-5 minutes.

e To thisdry mix the alkaline liquid is added and
mixed thoroughly for about 4 minutes.

e The fresh mortar were cast into the molds
immediately after mixing and compacted properly.

Fig. 3.19 Dry materials

Fig. 3.20 Activated mortar
3.3.3 Setting the Mould with Rebar and Mesh

The mould is well greased and is placed with the
mesh wounded rebar. Cover blockswere set where ever
required. Thewell mixed geopolymer mortar isperfectly
poured into the mould and proper compaction isprovided.
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Fig. 3.21 Mould with rebar & mesh Fig. 3.22 Mould with mortar
3.3.4 Curing

Theferro geopolymer chaise loungeiswell demoulded asleft ambient curing.

4~
>

Fig.3.23 Demouled Chaise Lounge Fig. 3.24 Ambient Curing
4. TESTING OF FERRO GEOPOLYMER 4.2 L oading Test
CHAISE LOUNGE

4.1 Non Destructive Test (NDT) — Rebound Loadingtestisperformed ontheloungeby providing

Hammer itwith aload of 150kg sand bag. Loading test wasjust

Table4.1Rebound Number conducted to check whether it could carry the designed

= load without forming cracks.

Average 273
Standard Deviation 249
Vanance 6.23

Fig. 4.2 Loading Test

Fig. 4.1 Rebound hammer test
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4. METHODOLOGY & EXECUTION

PREPARATION OF ELENDED GEOPOLYMER MIX

y

PREPARATION OF THE MOULD

L

PLACING OF THE GEOPOLYMER MORTAR

AMEIENT CURING

TESTING OF THE CHAISE LOUNGE

COST ANALSIS OF THE PRODUCT

CONCLUSION

5. CONCLUSION

The overall procedure of this construction of ferro
geopolymer chaise lounge paved a good experience and
a satisfied result.

e The rebound number with respect to the compression
test of the cube sample was found satisfied.

e The ferro geopolymer chaise lounge was able to
withstand a load of 150 kg.

6. SCOPE FOR FUTURE WORK
e The design can be modified for various other shapes.

e Thetechnique along with the composite can be applied
in various other applications.
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Abstract

Aluminium Alloy AA6061 and AA7075 have gathered wide range of acceptance in the fabrication of light
weight structures requiring a high strength-to-weight ratio and good corrosion resistance. Compared to other
fusion welding processes that are frequently used for joining structural aluminium alloys, Friction stir
welding (FSW) process is an emerging solid state joining process in which the material does not melt and
recast can be welded. This process consists of non-consumable tool to generate frictional heat in
between the tool and work surface. The welding parameters such as tool rotational speed, welding speed,
axial force, etc., and tool pin profile play a vital role in deciding the weld quality. In this research work an
attempt has been made to study the influence of tool pin profile on tensile strength of friction stir welded
AAB061 and AA7075 aluminium alloy joint. Three different tool pin profiles (Cylindrical, triangular and
square) with constant shoulder diameter 20mm have been used to fabricate the dissimilar joints. The formation
of FSP zone has been analysed with help of optical microscope. Tensile properties of the joints have been
evaluated and correlated with the FSP zone formation. From this experimental investigation it is found that
the sguare pin profiled tool produced mechanically sound and metallurgically defect free welds compared to

other tool pin profiles.

Keywords: Friction Sir Welding, Tool Pin Profile, Tensile Srength

1. INTRODUCTION

The problems faced for making high-strength,
fatigue and fracture resistant welds in aerospace
aluminumalloys, such ashighly aloyed 2X XX and 7XXX
series, has long inhibited the wide use of welding for
joining aerospace structures. Thesealuminum aloysare
generally defined as  non-weldable one because of the
poor solidification microstructure and porosity occursin
the fusion zone of welding. Also, the deviation in
mechanical properties when compared to the base
material isvery significant one. These constraints make
the joining of these alloys by conventional welding
processes not successive one. Some aluminum alloys
can be resistance welded, but the surface preparation is
costlier, with surface oxide being amajor problem.

Friction stir welding (FSW) was invented at The
Welding Institute (TWI) of UK in 1991 as a solid-state
joiningtechnique, and initialy it wasapplied to aluminum
alloys. Thebasic concept of FSW is remarkably simple.
A non-consumable rotating tool with a specially
designed pin and shoulder is inserted into the abutting
edges of sheetsor platesto bejoined and traversed along
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the line of joint (Fig. 1). The tool serves two primary
functions: (a) heating of workpiece, and (b) movement
of material to produce the joint. The heating is
accomplished by friction between the tool and the
workpiece and plastic deformation of workpiece. The
localized heating softensthe materia around the pin and
combination of tool rotation and translation leads to
movement of material from the front of the pin to the
back of the pin. As a result of this process a joint is
produced in ‘solid state’. Because of various geometrical
features of the tool, the material movement around the
pin can be quite complex. During FSW process, the
material undergoesintense plastic deformation at elevated
temperature, resulting in generation of fine and equiaxed
recrystallized grains. Thefine microstructureinfriction
stir welds produces good mechanical properties.
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Downward force o o ng ’
/1 Direction ¢
Shoudef
Friction Stir A
Welded Region —
Retreating —s "'.: i er:g
Side : ide

Fig .1 Schematic of thefriction stir welding and tool shape

Joint

2. PROCESS PARAMETERS

FSW/FSP involves heat generation due to friction
between tool and shoulder, complex material movement
and plastic deformation. Welding parameters, geometry
of tool, and joint design exert significant effect on the
temperature distribution and material flow pattern,
thereby influencing the microstructural evolution of
material. In this research work, an attempt has been
madeto study theinfluence of tool pin profileontensile
strength of friction stir welded AA6061 and AA7075
aluminium aloy joint. The FSW process parameters
which are used for the experimental run is mentioned
below inthetable 1.

Table 1 Parametersand itsL evel

1. No. Parameter Level 1 Level 2 Level 3
1 Tool pin profile (A) Square Cylindrical | Trangular
2 Speed (RPM) (B) 1000 1500 2000
3 Feed (mm/min) (C) 20 40 60

3. FSW PROCESS MODELING

Friction stir welding process results in intense
plastic deformation and temperature increase within
and around the stirred zone of weld. Dueto this, thereis
adgnificant microstructural evolution, including grainsize,
grain boundary character, dissol ution and coarsening of
precipitates, breakup and redistribution of dispersoids,
and texture. An understanding of mechanical and thermal
processes during Friction stir welding is needed for
process parameters optimization and controlling
microstructure and properties of welds.

4. EXPERIMENTAL WORK
4.1 Machining set up

All friction stir weldswere fabricated using avertical
milling machine as shown in the Figure 2 with atilting
head and and atypical FSW tool as per the design matrix
framed. Prior to welding, base metal plateswere cleaned
with a degreaser and then clamped to a steel backing
plate. The Aluminium 7075 and 6061 platesto be welded
and FSW tool were fixed on the table and spindle
respectively. Thewelds used inthisinvestigation areall
singlepass, full penetration wel ds. Specimensof required
size were cut from the welded plate to carry out
mechanical and metallurgical studies. The specimens
were polished using standard metallographic
technique and observed using a optical microscope.

(b)
Fig.2 (a) (b) Experimental setup

4.2 FSW Tools

The rolled plates of 6 mm thickness, AA7075 and
AA6061 aluminiumalloy, have been cut into therequired
size by using power hacksaw cutting. The initial joint
configuration isobtai ned by securing the platesin position
using mechanical clamps. The direction of welding is
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normal to the rolling direction. Single pass welding
procedure has been followed to fabricate the joints.
Non-consumabl etool sas shown in figure 3 made of high
carbon sted with straight cylindrical ,squareand triangular
pin have been used to fabricate thejoints.

4.3. Development of Design Matrix

The design matrix selected for the experimental run
as shown in Table 2 is framed with Response Surface
Methodology (RSM). It consists of three factor three
level central composite rotatable design consisting of 20
sets of coded conditions composed of 6 centre points. It
is framed with the help of MINITAB software.

%

L] L
[] Pt
Straight round pin Square pin Triangular pin
Fig.3 FSW tools

Table 2 Design of Experimentsand Results

Experimental | Precicted Values
Exp. Run A B c Tensile Strength | Tensile Strength
_\'fmmz _\Ummz
1 -1 -1 -1 138.251 1348537
2z 1 -1 -1 113.127 110.5374
3 -1 1 -1 136.119 132.6409
4 1 % 1 02565 8420259
5 -1 -1 1 107.523 1053726
6 1 -1 1 100.482 06.18429
7 1 3 -1 166.265 168.8288
8 1 1 1 134 458 1355185
9 -1.68179 0 0 151.896 1498318
10 168179 0 0 120.241 1210185
11 0 -1.68179 0 124 565 126.7728
12 0 168179 0 144589 1453335
13 0 0 -1.68179 110.893 112.8185
14 0 0 168179 126.423 1237359
15 0 0 0 139.756 1343691
16 0 0 0 136298 1343691
17 0 0 0 130.842 1343691
18 0 0 0 138.121 1343691
19 0 0 0 138.233 1343691
20 0 0 0 140811 1343691
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4.4 Conducting Experiment as Per Design Matrix

The experiments are conducted with the help of the
vertical milling machineas shownintheFigure 4 as per
the design matrix framed. TheAluminium 7075 and 6061
plates to be welded and FSW tool were fixed on the
tableand spindlerespectively. Specimensof required size
were cut from thewel ded plateto carry out metallurgical
studies.

Fig.4 Sample of friction stir welded plate

4.5 Recording of responses

According to American Society for Testing of
Materials (ASTM EB8) standard and transverse tensile
properties such as ultimate tensile strength of the FS
welded joints were evaluated using the computerized
universal testing machine as shown in the figure 9. For
each experimental run, a specimen is prepared and
tested.

Fig.5 Preparation of tensile specimen from Friction stir

welded plate
f 51
=
Iy "
0 150 [ Xl

Fig6.ASTM Standard ASTM E8M-04

Joint

Fig.9 Computerized Universal Testing Machine
4.6 Microstructure

The specimenswith good tensile strength can befound
and the additional pieces available in the experimental
runare cut, prepared and polished. Finally it can be etched
with Wecks reagent which has 4g of KMnO4, 1g of
NaOH and 100 ml of water. The specimenwasimmersed
for 20 secondsin roomtemperature. It has been observed
that, 7075 flow well inside the 6061 region due to the
gtirring action.
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Fig.10 Preparation of Wecks Reagent

Fig.12 Microscopicview

5. RESULTS AND DISCUSSION
5.1 Tensile Strength

The tensile results show that the maximum failures
were found to occurring near weld zone and at the
advancing side of AA 6061. Among the different tool pin
profile, squarepin yields the maximum tensile strength
for all the other parameters. The tensile strength for
triangular tool pin diameter wasfound to belowest. And
the roundtool pin diameter gives the moderate val ue of
the tensile strength. The tool speed of 1500 rpm yields
higher tensile results and the tool speed of 1000 rpm
yieldsthelowest. In case of weld feed, 20 mm/min gives
the maximum tensile strength and 60 mm/minyieldsthe
lowest. In dissimilar welding, due to difference in
mechanical properties, thefailure of thetensile specimen
will always occur at the weaker of the two metals.

IJEST Vol.11 No.1 January - June 2017

The ultimate tensile strength of base metal AA7075
isof 575 MPawhereasAA6061 was of 350 M Pa. Higher
welding tool feed results in insufficient heat input per
unit length of the weld joint and faster cooling rate,
affecting the plastic flow of the material during stirring
resulting in kissing defect. But thelower tool feed results
in higher heat input per unit length affecting the vertical
movement of the material. Increasein tool speed results
inpin holewith piping and tunnel defect duetoinsufficient
heat generation and metal transfer. Thus for the current
experimental run the process range which satisfies
the welding conditions of the dissimilar AA7075 and
AA6061 aluminium alloyswere chosen.

5.2 Microhardness Results

Microhardness val ues were measured along the mid-
thicknessof thedissimilar AA7075 and AA6061 welded
joint. The hardnessdistribution of the stir zoneisfound
to be higher than that of the base metal s. In the absences
of the external defects, the tensile properties always
follow the lowest hardness distribution. Most of the
failure has taken place on the minimum hardness zone
at the advancing side of AAG061 side.

6. CONCLUSION

The effect of process parameters for Friction stir
welding of AA7075 and AAG061 aluminum alloy butt
joint have beeninvestigated. It isfound that, square pin
tool produced good tensile strength when compare to
round and triangular pin. And also decreasein tool feed
and increasein tool speed improves the tensile strength
of thejoint. From the microscopic view, itisfound that
square pintool increasesthetensile strength dueto good
flow of 7075 material in 6061 region. The Friction Stir
Welding process parameters were optimized, and the
optimum values of the process parameters were found
to be square tool pin, 1500 tool speed, and 20 mm/min
tool feed. Confirmation experiments were conducted at
this optimum process condition to confirm the
optimum value estimated by the statistical analysis.
The average tensile strength a the optimal level was
found to be 141.566 N/mm<. Controlling tool pin profile,
tool speed and tool feed may show good results on the
machining process of FSW during various machining
conditions.
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Abstract

In this paper, a compact and wearable antenna system is designed and tested for telemedicine applications.
The telemedicine has a growing demand for remote monitoring and tracking of human health conditions. The
telemedicine applications are also used for managing parameters such as Artificial Magnetic Conductor
(AMC) which is introduced in the ground plane to isolate user’s body from unwanted EM radiation. The
proposed system is capable of operating at 2.4 GHz band. It is designed with JC cross frequency coverage for

new evaluator applications.

Keywords: Artificial Magnetic Conductor, Flexible and wearable Antennas, Printed Monopole, Telemedicine

1. INTRODUCTION

In recent times monitoring a patient or health
parameter of astronautsor athletesand recovery tracking
of patients has become feasible due to telemedicine. It
is a remote monitoring technology for human vital
science. This type of health care of telemedicine
technology can forward vital parameter of a patient to
a remote station through wireless transmission. These
parameters may include heart rate, blood pressure, body
temperature, respiratory rate, ECG waveform and
glucose level. The telemedicine provides better
performance by using antennawhich are compact, light
weight and mechanically robust. The patch antennasare
preferred since these provide high efficiency, have
reliability and are conformal to the body shape. The most
preferable antenna in telemedicine application is
traditional microstrip antenna which minimizes the user’s
exposureto electromagnetic radiation due to itssuitable
characteristics in terms of unidirectional radiation
patterns.

The low profile antenna has a spherical radiation
pattern with low cost and has a relatively wide
bandwidth. It is needed to be employed in telemedicine
application. Some of thetechniqueslead to increasein
the antenna height or these require complicated
manufacturing process. It includes the use of observers
and shielding planes. In order to overcome these
limitations, acavity dot antennaisnormally used for body
area network applications. This type of antenna is
having relatively high profile and involves multilayer
fabrication process and it showsthat itisan efficient if
tested on human phantom. The performance of this
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technique isbased on the stack of multiple layerswhich
are highly dependent on the ground plane size and it
leads to complex profile system. In order to suppress
the electromagnetic wave that is propagating towards
the human body, asingle negative metamaterial isused.
The size of the antenna design is reduced by using the
principles of AMC structure.

Artificial magnetic conductor is the single layer
periodic array. It is found in the grounded dielectric
substrate and it produces a reflection phase shift of
zero degree incident waves. It presents alow profile
microstrip antenna using AM C plane based on Jerusalem
cross. AMC is used to isolate the user’s body from
harmful electromagnetic radiation. It has high gain
microstrip patch antenna. The bandwidth and central
frequency are analyzed for performance. A reduction
of antennaprofileisachieved through efficient technique.

Tunable metamaterial isan incident EM wavewith a
variableresponse. It is controlled by remote and can be
incident with EM wave interaction with metamaterial. It
is used to suppressthe EM wave propagate through the
human tissue in an effective manner. It is used to
determine whether the EM wave is observed, reflected
or transmitted. The structure of metamaterial isatype
of lattice structure. The tunable metamaterial isadjusted
by using real time and it is possible to reconfigure the
device operation with the use of metamaterial. In this
domain ongoing research paper includesEM band gap
material (EMG) called photonic band gap (PBG).

The patch antenna is one of the types of radio
wave antenna with low profile. It can be mounted on a



flat surface. It consists of square shaped microstrip patch
antenna present over a metal called ground plane. A
cavity dot is used for on body communication at the
frequency of 2.4 GHz. It has a good efficiency and
multiple layer fabrication process is done hence it has
very high profile[1].

Cylindrical and rectangular patch antenna consists
of two different types of frequencies. Cylindrical antenna
operates at one frequency and rectangular operates at
other frequency, hence both the antennas can stimulate
the same substrate. Thismeansthat three different types
of frequencies are obtained. It has high accuracy [2]. A
wide band printed monopol e antennauses FR4 substrate.
It is been designed on low cost and iseasily available.
These can be used for WLAN/WCDMA applications
with good impedance matching properties [3]. In
waveguide technology, inertial sensor node is used, on
body communication, the outputs are sent to the data
through node. It iseasily configurable [4]. Readers may
refer other important references which are listed from
[5] to[12].

2. ANTENNA DESIGN

The proposed square shaped microstrip patch antenna
is shown in Figure 1. The design is based on sguare
shaped microstrip monopol e patch antenna expected to
operate with 2.4 GHz frequency band. It is integrated
with Artificial Magnetic Conductor which offersasingle
layer fabrication process. Both the element of
radiation and coplanar waveguide are printed on the
FR4 substrate with thickness of 0.8 millimeter and
dielectric constant 3.5 for telemedicine applications.
AMC minimizes the antenna impedance and also
achieves better impedance matching. The proximity of
human tissues and the ground planeincrease the front to
back ratio. Figure2illustrates substratelayersand Table
1showsdimensions.

Fig.1 Square shaped microstrip patch antenna

Patch Antenna Array for Medical Applications

The square shaped Microstrip patch antenna is well
suited for telemedicine applications since these require
compactness and light weight and ruggedness.

3. SUBSTRATE SPECIFICATIONS

The square shaped Microstrip patch antenna is
designed with ground plane. The substrate is laid down
over ground plane. Over the and above the substrate, a
square shaped patch is incorporated by fabrication.
Hence loss of an antenna can be minimized and the
antenna input impedance is also minimized. It
reduces the mismatches in the impedance. The antenna
layout design has three layers. These are listed as follows.

e AMC ground plane
e Substrate
e Square shaped microstrip patch design

FR4 substrate is chosen as it is available easily and
it also increases the gain. Fabrication process becomes
easier and is very cost effective. FR4 offers an ultra
low profile and the square shaped microstrip patch
antenna with an AMC ground plane controlling the
resonant frequency.

Table 1 Substrate L ayer Specification

5L No Parameter Value
1  |Groundplane Imm
2 [Dielectric medium Ll
3 |Substratelayer Imm
4  [Microstrip patch anterma |0.8mm

AR

-t‘.
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" 0o ey

A
iy

irirey|

Fig. 2. Substrate layers of square shaped microstrip
patch antenna

4. SSIMULATED RESULTS AND DISCUSSION

The proposed antenna has been simulated by using
Advanced Design System (ADS). Thedesigned isbased
on square shaped microstrip monopole patch antenna
operating at 2.4 GHz band. After the substrate designing
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process, the frequency range can be selected between
2 GHz to 4 GHz. Thereflection coefficient of antenna
and the return loss can be obtained by determining S-
parameters. The antenna resonates at a frequency of
2.4GHz. Itdso offersvery low returnloss. It isestimated
at about 29.58 dB. These are shown in Fig. 3.

wla)
o o
(] (4]

a5 11 At
eI T

t
[

beg G2

Fig.3 Return loss and phase shift of proposed square
shaped microstrip patch antenna

5. RADIATION PERFORMANCE AND
CURRENT DISTRIBUTION ANALYSIS

Asillustrated in Figure 4, the radiation pattern can be
stimulated by using square shaped microstrip patch
antenna and its cut off frequency range is at about 2.4
GHz. This suits for telemedicine applications. The
simulation tests are carried out on Advanced Design
System software package. The stimulation of
electromagnetic radiation and the current distribution
directions are shown in the Figure 5 with 3D view for
actual visua perception.

Fig. 4 Radiation pattern

Fig. 5 Current distribution direction illustration
IJEST Vol.11 No.1 January - June 2017

6. ANTENNA PARAMETERS AND RESULTS

The simulation tests have produced again of 6.20632
dBi for the proposed antenna. The directivity of the
antennaismeasured at 6.37373 dBi at 2.4 GHz. Antenna
gain is a relative measure of an antenna’s ability to direct
or concentrate radio of the frequency energy in a
particular direction or pattern. The measurement is
typicaly measuredin dBi (Decibd srelativeto anisotropic
radiator) orindBd (Decibel srelativeto adipoleradiator).
The proposed antenna radiation efficiency is
achieved by 96.21%. Figure6 and Tablell show various

results.
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Fig. 6 Antenna parameters achieved Vs frequency opted

Table2 List of Antenna Par ameters

5L No. Parameter Valuoe

1 [Fraquancy({GHz) 24

2 [[nput{Watts) 0.00054298
3 [Radistad power (Watts) 0.000522414
4 [Diractivity (dBi) 6.37373

5 |Gain(dBi) 6.20632

6 [Radiation afficiancy (%) 96.21886

7 [Maximumintensity (Watts) | 0.000180377
§  [Effective angle (Steradians) 2.89626

9 |Angle of UMax (thata, phi) 90

10  [E (thets) max (mag, phass) 71.0515
11 [E (phi) max {mag, phasa) 61.8346
12 [E(x) max (mag. phasa) -118.163
13 [E(Y)max (mag. phasz) 71.0515
14  [E(Z)max (mag, phass) -108.948




The antenna parameters of rectangular patch such
asgain, directivity, efficiency and radiated power which
resonate at the frequency of 2.4 GHz arelisted asshown
inTable II. The gain of the antennais closely related to
thedirectivity. Theantennaparametersincludefrequency,
input power, radiated power, radiation efficiency,
maximum intensity, angle of U max for both theta and
phi, E (thetamax), E (phi max), E (x max), E (y max), E
(z max) and power. These parameters are estimated
during simulation tests and are also listed in Table II.
The analysis of these parameters shows that these are
suitablefor the telemedicine applications.

7. CONCLUSION

In this paper, Microstrip patch antenna is designed
with Artificial Magnetic Conductor for telemedicine
applications. The antenna gain is observed at about
6.20632 dBi and its directivity is estimated at about
6.37373dBi. The proposed antenna has areturn loss at
about -29 dB. Thustheefficiency of radiationisachieved
at about 96.21%. By varying dimensions of patch,
radiation efficiency of the antenna can be improved in
future.
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Abstract

Power amplifiers are one of the main elements in a telemetry transmitter. Overall efficiency of the power
amplifier varies according to the type of transistor device used for operation, bias point selection and type of
modulation for carrier signal. For a launch vehicle application, a carrier signal, to be modulated with QPK
technique, linear operation of power amplifier with high efficiency is necessary. The application of this

project designing comes in the RF

telemetry system which operates in the S band frequency range of

2.2 to 2.3GHz. Device capable of operating at high frequency range with high efficiency and gain is necessary
for such applications. In this paper, a unique design of a highly efficient and linear power amplifier with
QPSK amplification is discussed. The circuit and layout designing is done on Advanced Design System (ADS)

software.

Keywords: GaN HEMT, Power amplifier, QPSK modulation

1. INTRODUCTION

Telemetry involvesthe collection of datafrom sensors
on board of the spacecraft and relay thisinformation to
the ground. The telemetry carrier modulation is
Freguency Shift Keying (FSK) or Phase Shift Keying
(PSK), with telemetry channel transmitted in a Time
Division Multiplexing (TDM) format. Therearetwo types
of modulation techniques, linear and non linear. Linear
modul ation techniques include all forms of Quadrature
Amplitude Modulation (QAM) and Phase Shift Keying
(PSK) such as Binary Phase Shift Keying (BPSK),
Quadrature Phase Shift Keying (QPSK), 8 PSK and
16QAM. These techniques are less bandwidth than
non linear modulation techniques such as Frequency
Shift Keying (FSK) and Minimum Shift Keying (M SK).
However, for linear modul ation technique, amplifiersare
more expensive and | ess efficient than those of non linear
modulation. In PSK modulation, the carrier always
remains at the same amplitude and frequency. When
the incoming signal channel variesfromaOor al or
vice versa, the phase of the carrier shifts. PSK is very
resistant to interference, sincelittlein nature can produce
such a phase shift.

In order to amplify asignal and generate therequired
Radio Frequency (RF) power that allows transmission
of signal on to the appropriate range, apower amplifier
isnecessary. Efficiency and linearity dependson theclass
of operation of the power amplifier. various classes of

operation such as class A, B, AB, C, D, E and F are
IJEST Vol.11 No.1 January - June 2017

R

available. Each classislimited to a specified portion of
the input signal during which current flows in the
amplifying device. Linear amplifiers preserve both
amplitude and phase, whereas non linear amplifiersonly
preserve phase information. Thermal management and
DC power consumption of apower amplifier determines
itsefficiency. Linearity and efficiency aretwo contradict
factors. Aslinearity increases, efficiency decreasesdue
to conductive and dielectric losses, which in turn
increases the heat dissipation. A compromise between
linearity and efficiency of apower amplifier isnecessary
for a carrier modulated with QPSK.

Gallium Nitride High Electron Mobility Transistor
(GaN HEMT) isone of thelatest techniquein transistor
technology for high power applications that operate at
high frequencies such as RF power amplifier intelemetry
launch vehicle applications. It reduces current and power
losses in the power supply. Since GaN contains
semiconductors such as GaN and AIN, which are
sensitive in nature, it reduces the temperature rise in
the device. For high power Rf subsystems, where
thermal management and power losses is a greater
problem, semiconductor channel temperature must be
low enough for reliable operation. GaN providessucha
reliable operation at higher temperature than GaAs and
Sillicon. GaN is used when high gain, signal level and
efficiency at a particular frequency is needed. It aso
reduce the number of stages using high gain power.

This paper discussesabout the power amplifier design



for QPSK amplificationwith high efficiency and linearity.
Section Il describesabout the QPSK linear amplification
and section |11 about power amplifier theory. Section IV
discusses about GaN HEMT technology. Remaining
sections describes about various steps in the power
amplifier designing along with simulation results and
finaly the conclusion.

2. QPSK LINEAR AMPLIFICATION

For satellite communi cation, the choice of modulation
play an important role to transmit data through the
channel without any degradation. It helps the
transmission of message signals at the carrier frequency
and can be used to provide multiple access to the radio
frequency bands at frequency domain. During digital
transmission the satellite link conditions may change and
the altitude of transmission also changes with link
conditions. It is difficult to use Amplitude Modulation
(AM) insuch situations. Frequency Modulation (FM) is
aso difficult toimplement on bandwidth utilization. PM
has ease of implementation compared to other modul ation
techniques. Phase Shift Keying (PSK) is the most
communi cation systemfor transmitting and receiving high
speed digital information over satellitesto have atrade
off among power, frequency and implementation
efficiency.  Since the application of this project
comes in the launch vehicle, PSK is preferred. It has
the advantage of constant envelope and in comparison
with FSK, it provides better spectral efficiency, whichis
defined as the ratio of the transmitted bit rate to the
bandwidth occupied by the carrier. The bandwidth
occupied by the carrier depends on the spectrum of the
modulated carrier and filtering it undergoes. Both BPSK
and QPSK are very efficient in the way bandwidth and
power are used. Higher level modulation schemes other
than QPSK, can be used to increase the capacity,
but it subjectsthe signal to greater degradation fromthe
repeater. When higher datarate modul ation schemeslike
QPSK, is used, it requires a linear power amplifier to
faithfully reproduce theamplitude and phaseinformation.
Asthe datarate becomes higher, peak to average power
ratio (PAR) will aso be high. High peaks can cause the
power amplifier to move towards saturation, causing
intermodulation distortion which generate spectral
regrowth., which is a condition that interfaces with
signalsinthe adjacent frequency bands. Duetoitslinear
amplification feature, QPSK is able to maintain low
spectral sidelobes; thus providing good adjacent channel
performance.

Highly Efficient Linear Power Amplifier for QPSK Amplification

3. POWER AMPLIFIER THEORY

RF power amplifiers are used in many applications
such aswireless communications, TV transmissions,
radar applications, etc. Efficiency of apower amplifier
isan important factor in the transmitter section since it
accounts for the thermal dissipation and DC power
consumption. For wireless communication, thermal
dissipation and DC power consumption should be less.
Power that isnot converted to useful signal isdissipated
as heat. Power amplifierswith low efficiency will have
high levels of heat dissipation. This will be alimiting
factor while design apower amplifier.

A power amplifier can be operated in various classes
of operation such as class A, B, AB, C, D, E and
F. Here, efficiency increases from A to F and linearity
increasesfromFtoA. Themost linear classA amplifier
can reproduce the exact input signal at the output, with
aconduction angle of 360°, but the efficiency istoo low
with atheoretical valueof 25%. ClassB power amplifier
has better efficiency than class A of 70% with a
conduction angle of 180° but withlower linearity dueto
cross over distortion. Class AB operation has better
linearity than classB operation. It hasaconduction angle
between 180° and 360° with efficiency greater than 70%.
Class C amplifiers are having better efficiency, with a
theoretical value of 100%. The conduction angleisless
than 180°. Classes D, E and F are called as switched
mode power amplifiers. They have efficiency of 100%
but with poorest linearity. Variouslinearizati on techniques
have to be incorporated when such amplifiers are used
for design. Since, in the designing of QPSK amplifier
linearity is the main criteria; switched mode power
amplifiers cannot be used. In order to incorporate both
efficiency and linearity together, selection of class of
operation comesin the conduction angle based classes.
Among those classes, classAB has significant efficiency
aswell aslinearity.

The class of operation for power amplifier design
determines the bias point selection, which in turn the
devicesdection. To providevoltageand current at various
points of theelectronic circuit, biasing circuit isnecessary
for atransistor. Biascircuit designing plays animportant
role in establishing stable operation of the device.
Instability of power amplifier causesoscillationsat amost
every frequency and will damage or destroy the
transistor.
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4. GALLIUM NITRIDE FIELD EFFECT
TRANSISTOR

Field Effect Transistors (FET) are those kind of
transistors used to amplify the weak signals such as
wireless signals. In a FET, current flows along a
semiconductor path, known as the channel. At one end
of the channel isan electrode called the source, and at
the other end of the channel is an electrode called the
drain. Electrical current can be modified by applying
a voltage to a control electrode called the gate. Small
changesin gate voltage can cause a large variation in
the current from the source to the drain. Because the
power required to control the channel is much smaller
than the power the transistor can deliver to aload, the
FET can amplify aradio frequency (RF) signal. FETs
can be constructed from different semiconductors such
as Silicon, Gallium Arsenide (GaAs), Gallium Nitride
(GaN), Indium GalliumArsenide (InGaAs) and Indium
Phosphide (InP). Compared to other semiconductor
structures, GaN has lower capacitances, so that an
amplifier can design with wider bandwidth, lower
combining | osses which we can have higher efficiency,
gain and thus power. Thesefeatures make GaN structure
to be used in satellite communication, radar applications
which require higher frequency, higher bandwidth, high
power and high efficiency. GaN can deliver higher
current than other semiconductors because it hasahigh
charge capacity in the channel and a high saturation
velocity. It can also sustain higher breakdown fields
among common semiconductors due to its large band
gap. That’s why GaN can deliver the highest RF power
density among semiconductors. GaN FET has two
structures, the vertical semiconductor structure and
horizontal devicestructure. The vertical semiconductor
structure contains, gate, barrier, channel, buffer and
substrate. Horizontal structure consists of source
electrode, source accessregion, gate controlled channel
region, drain accessregion and drain el ectrode. The most
important part of GaN HEMT is the gate. It’s size
determines the speed of the device. Smaller the gate,
faster the electron flow through the gate controlled
channel and the device will be faster. The gates of GaN
has alength of 0.1 to 0.5um.

RF3931 from RFMD, GaN HEMT is used for the
amplifier design. It isa 48V, 30W high power discrete
amplifier which hasa Power Added Efficiency of 62%
at 2.14GHz. It is an unmatched power transistor
packaged in ahermetic, flanged ceramic package. It has
a maximum RF input power of 37dBm, drain voltage of
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48V, gate voltage of - 2.5V and maximum output power
of 47dBm.

5. DC LOAD LINE ANALYSIS

The load line gives the every possible operating
point for circuit. It isdrawn onthe |-V characteristics
of thedevice. In order to operatethe power amplifier
in a suitable class of operation, bias point selection
plays an important role. Load line is drawn with
saturation point and cut off point. Saturation point gives
the maximum possible drain current (ID) and cut off
point gives the maximum voltage across drain and
source (VDS). For class AB operation, the bias point
is preferred near to the cut off region. The voltagesto
be applied to gate and drain terminal s are obtained from
theload line after fixing the biaspoint. Fig.2 showsthe
DCI-V characteristics curveof thedevic. Thevoltages
at gate and drain are obtained as -3.5V and 48V
respectively fromtheload line. The device capable of
operating at 12dB gain

1
g
|

|

Fig.1 DCIV characteristic curve

6. BIASING CIRCUIT AND STABILITY
ANALY SIS

It is important to check the stability of the device, in
order to ensure that it may not function as an oscillator.
So that biasing circuits plays an important role in the
amplifier design. Among the three terminals gate, drain
and source of the FET device, biasing circuits are
provided to gate and drain and source is grounded. Fig.3
shows the entire biasing circuit provided to the device.

The gate current is negligible in comparison to the
drain current. Dual supply is provided to FET such that,
negative voltage for gate and a positive voltage for drain.
Since gates do not draw appreciable currents, gates can
be biased through low current chokes or /4 transformers
or resistors. Resistors are always used in the gates to
improve stability as well as to improve isolation between



the stages. In the present scenario, the gate is biased
through resistors, capacitors and an RF choke[1]. Biasing
as well as coupling capacitors are provided to the device.
Coupling capacitors are used to decouple Dc and Ac
signals, so that the quiescent point is not changed, when
Ac signals are passed to the device. That is, coupling
capacitors block DC and pass AC signals to the device
by providing a high impedance value. Bypass capacitors
are used to force signals currents to the elements
connected in the device by providing a low impedance
path at the designed frequency. High impedance value is
selected to be 100&! and low impedance is provided
as 1076&!. Corresponding capacitor values are found
by using the formula

Xc = 1/(2pfC) 1)

where f=2.25GHz. Thus the value of bypass capacitors
is found as 22uF, 47uF and 1pF. The impedance
value to calculate coupling capacitor is selected as
100&!. Thus the value of coupling capacitor is found to
be 0.8pF. The inductor value is found by equating it to an
impedance value of 1000&!. Equation to find inductance
value is

XL = 2pfL (2)

The drain side is biased through n/4 transformers or RF
chokes with minimum resistance value. Here, the drain
biasing is done through n/4 transformers and coupling
and biasing capacitors are also provided. The capacitor
values are designed as did in the gate side.

Stability analysis is done on the circuit after biasing
circuit is added at drain and gate of the FET device.
Equation used to find the stability values are:-

Stability factor, K = 1 -| S11[2 - | S22)2 + D2 / (2] 521
S11)) (3)

Where, D = $11S22-S21512  (4)

A device will be unconditionally ableif K>1and A>0.
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Fig.2 Stability factor and stability measure values

Figure3 showsthe stability values of the device after
biasingcircuit isprovided. Stability factor, K hasavalue
of 3.545 and stability measure, ?hasavalueof 0.712, so
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K3

that the deviceisunconditionally stable. The microstrip
lines provided in the biasing circuit are used to provide
smooth transition from the transistor to the external
circuit. The length and width of the transmission lines
are found using the LinCalc optionavailableinthe
ADS software. Microstrips along with taper lines, Mtee
elements and Mcross elements are used to complete
the design of the biasing circuit at the drain and gate of
the device. The source is grounded to have common
source configuration. The substrate, RTDuroid 6010
parameters used is as shown in Figure 4.

(X Sﬁb

MSud |

H=50 ma
Er=10.2
Myir=
Cono=5 Be7
Hu=28 mm
TedDd um
TanD=0 0023

Fig.3 Substrate parametersof RT Duroid 6010

7. LOAD PULL ANALYSIS

Load Pull ssimulation is frequently used by power
amplifier designersto determine, theload impedanceto
be provided for device or amplifier in order to achievea
particular power delivered, power-added efficiency,
intermodul ation distortion level, adjacent-channel leakage
ratio, and other specifications. Theamplifier isprovided
with a constant available source power and the load
reflection coefficient isswept in acircular region of the
Smith Chart. Thus the appropriate smith chart region
is found and then suitable impedance matching circuit
for thetransistor isdesigned. [2]

Bias voltages at gate and drain along with frequency
of operation andinput power is provided asinput for the
analysis. The fundamental sourceimpedanceisinitially
set to adefault value of 15+j* 0. After performing load
pull analysis, the fundamental source impedance is
changed to the input impedance val ue corresponding to
maximum power. Fig.4 showsthe load pull contoursin
which the input impedancevalue is obtained as 23.750-
j*4.490. Corresponding output impedance value is
obtained as 22.108+j*5.025. Theseimpedancevaluesare
then matched to 50&!.
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Fig.4 Load pull contours

8. IMPEDANCE MATCHING

Maximum power transfer is the main objective
of every circuit. Matching at the both ends helps to
attain this goal. Impedance matching is performed to
transfer energy from generator to device and from device
to load. In order to have maximum power the source
impedance and load i mpedance should have conjugate
match, that is, resistive part should be the same and
imaginary part with same magnitude and opposite
polarity. The matching network design depends on the
freguency of operation used for the device[5]. Sincethe
frequency isgreater than 1GHz range, transmission line
matching was chosen at theinput and output side. Various
methods are available to perform matching, where;
smith chart, which is one of the simplest methodsisused
here. A smith chartisacircular plot with lot of interlaced
circlesonit. If we have acomplex impedance of a+ib or
aib form, then theresistive part (a) is matched to 50& !
and reactance part (b) is made to zero. Smith chart
contains both admittance circles as well as impedance
circles. It also reflects the relationship among the
normalized impedance, reflection coefficient and VSWR.

The input impedance and output impedance
calculated from the load pull analysis for maximum
power, gain and PAE is given at the input and output
side respectively and they are matched to 50&!. Input
impedance 23.750-j*4.490&! and output impedance
22.108+j*5.025& ! are matched to 50+j* 0& ! respectively.
Combination of seriestransmission line and open stubs
are used to match source and load impedance. Fig 5 and
6 shows the input and output matching network
respectively.
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Fig.5 Input matching network

Fig.6 Output matching network
9. CIRCUIT ANALYSIS

Analysisof theentire circuit isdonewith biasing and
impedance matching network connected to the device
along with a Dc source of gate voltage -3.5V and a
drainvoltage of 48V respectively. The S parameter values
are plotted in order to comparetheimprovementingain
S(2,1), reverse transmission coefficient S(1,2), reverse
reflection coefficient S(2,2) and reflection coefficient

(L,1).

Figure7 showsthe values after matching is provided
at input and output. An improvement of gain value
from 8.9dB to 11.86dB isobserved. Thecircuitisthen
optimized with goals provided with PAE greater than
67% and output voltage minimum limit of 45dBm. The
values after optimization isas shown in Fig.9. It shows
an improvement of PAE to 67.038% and output of
45.259dBm.

Fig.7 S parameter values before matching

Figure8 shows the S parameter values before
matching circuit is provided for the device. It shows a
lower gain of 8.912dB. To improve gain, matching at
input and output sideisprovided.



PAE when biasing and matching is provided to the
device. PAE was observed to be 57.258%. as shown in
figure. Input power of 35dBmwas provided and obtained
an output power of 45.288dBm. in order toincrease PAE,
optimization for the input and matching circuit is done.
Only the lengths of transmission lines at both the sides
were selected to provide optimization, since changing
the width will alter the frequency of operation of the
device.

Fig. 8 S parameter values after matching

The optimization goal swere provided while simulation
was done such as minimum efficiency limit of 60% and
minimumoutput power of 45dBm. Fig.9 shows the PAE
and output power valueswhen optimization is done for
the transmission lines. Theoretically class AB power
amplifier has an efficiency of 78.5% and practically
between 60% to 70%. The From the designed power
amplifier, an improvement in efficiency from 57.258%
t0 67.038% isobtained after optimization isdone.

Fig.10 PAE and output power after optimization

10. MODULATED SIGNAL ANALYSIS

Next step is to provide modulation to the power
amplifier. Modulation is the process of varying some
aspects of the carrier wave with respect to the
modulating signal. Modulation is necessary to shift the
spectral content to an operating frequency band that is
easily transmitted and received, to make the signal less
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vulnerable to noise and interference and to support
multiple accestechniques. Fig.10 showsthecircuit used
for themodulated signal analysis. Theinput fromdatais
split to two partsto have | and Q components. Two low
pass Root Raised Cosine (RRC) filtersare used before
giving modulation[8]. This is to ensure about zero IS
condition for the channel. QPSK modulation isprovided
as the input to the power amplifier using QAM_Mod.
Using spectrum analyzer components, the QPSK
spectrum before and after amplification is plotted.

S

o

5 @

Fig.11 ADS schematic diagram of Modulated
signal analysis

mi m2
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Fig.12 QPSK power spectrum

Figure 13 shows the QPSK spectrum when
modulation is provided to the device. An amplification
from 3.270dBm to 19.381dBm is observed.

11. LAYOUT CO-SIMULATION

Layout designing and co-simul ation of the simulated
circuitisdonefor visualizing the effects of layout onthe
simulated results. Fig 13 shows the layout design and
fig.14 shows the S parameter values obtained when
layout is simulated. Apart from the simulated results,
the gainisobtained as 8.528dB, which isalower value.
Thisisduetotheinclusion of theEM model.Fig.15 shows
the corresponding circuit co-simulation in which the
designed capacitors, resistorsand inductors are provided.
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Fig.13 Layout of the simul ated circuit

Fig.14 Circuit co-simulation

p—
f

bug G

Fig.15 S parameter values of layout

12. CONCLUSION

In this paper classAB power amplifier was designed
with QPSK amplification. It was subjected to operate
in S band frequency of 2.25GHz. Biasing circuit was
applied according to the class of operation and matching
networkswere designed according to theinput and output
impedance val ues obtained from the load pull analysis.
The matched design showed an improved performance
gain of 11.866dBm at the desired frequency range.
QPSK amplification is also achieved with alessACPR
value.
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Abstract

The main objective of the present work is to optimize the process parameters of wire electrical discharge
machining process on machining AISI H13 die steel by considering the significant effect of input parameters
viz. pulse on time, peak current, pulse off time and wire tension in order to get the desired outcome such as
maximizing material removal rate, better surface finish and reduced kerf width. H13 steel is chosen as the
specimen based on the wide usage in industrial applications like making of Hot punches and dies for blanking,
bending, swaging and forging operations, hot extrusion dies for aluminium cores, ejector pins, inserts and
nozzles for aluminium, tin and lead die casting. In this work a brass wire of 250gm diameter is used as wire
tool electrode and De-ionized water as the dielectric fluid. 30 experimental runs were carried out on the
specimen based on the full factorial central composite design using response surface methodology. The
performance characteristics viz., Material Removal Rate, Surface Roughness and Kerf Width were measured
and analyzed using Minitab software analytically as well as graphically in order to evaluate the
performances of the wire electrical discharge machining process. Mathematical model is developed for
predicting the values of responses in terms of interactive and higher order input process parameters. The
Analysis of variance (ANOVA) is performed to find the significant process parameters for material removal
rate, surface roughness and Kerf width. The adequacy of the above proposed model is also tested
using ANOVA. Response surface plot for the responses were plotted by considering the significant parameters.
Finally optimal combination of process parameters were obtained through desirability function approach for
this multi-objective optimization problem to maximize material removal rate, better surface finish and reduced
kerf width by using Response Optimizer plot.

Keywords. Desirability Function, H13 Steel, Kerf Width, Response Surface Methodology

1. INTRODUCTION

WEDM process is usually used in combination with
CNC and will only work when a part is to be machined
completely through. The melting temperature of the parts
to be machined is an important parameter for this process
rather than strength or hardness. The surface quality
and material removal rate (MRR) of the machined
surface by wire EDM will depend on different machining
parameters such as applied peak current, pulse on time,
pulse off time, wire tension and wire materials. WEDM
process is commonly conducted on submerged
condition in a tank fully filled with dielectric fluid;
nevertheless it also can be conducted in dry condition.
During the WEDM process, the material is eroded ahead
of the wire by using the channel of plasma generated by
electric sparks between two conductive materials (i.e.
electrode and the work piece), this channel of plasma
converted into thermal energy at a temperature range of

8000 to 12000sC at a pulsating direct current supply of
20000 to 30000 Hz. The electrode and work piece are
separated by a small gap being immersed in dielectric
fluid, an electric spark is produced in between this small
gap and the work piece material is eroded, as the
pulsating current is turnedoff, the plasma breaks down
which leads to sudden reduction in the temperature and
the eroded material is flushed away with the help of
dielectric fluid in the form of microscopic debris. With
each electric spark discharge a small crater is formed
on both the work piece and the electrode which is a
prime decider in the final surface quality. As there is no
direct contact between the work piece and the wire,
eliminating the mechanical stresses during machining.

2. LITERATURE REVIEW
Aniza Alias et al [1], has reported that, improper

electrical parameters settings can affect the processing
IJEST Vol.11 No.1 January - June 2017
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efficiency and surface roughness due to arcing
phenomenon that lead by discharge focal point. Objective
of the paper is to find the influence of three different
machine rates which are 2 mm/min, 4 mm/min and 6
mm/min with constant current (6A) with WEDM of
Titanium Ti-6Al-4V. The effects of various process
parameters on the cutting width, material removal rate,
surface roughness and surface topography are also
discussed.

Farnaz Nourbakhsh et al [2], investigated the
influence of zinc-coated brass and high speed brass wire
on the performance of wire electro-discharge machining
of titanium alloy. The process parameters including
cutting speed, wire rupture and surface integrity are
obtained by considering input parameters like pulse width,
servo voltage, pulse current and wire tension. A Taguchi
L18 design of experiment has been applied. It was also
found that the cutting speed increases with peak current
and pulse off time. Surface roughness was found to
increase with pulse width and decrease with pulse interval.
The Analysis of Variance table is carried out for all
process parameters to determine the significant ones.
Compared with high-speed brass wire, zinc-coated brass
wire results in elevated cutting speed and even surface
finish. Also, SEM photographs validated that uncoated
wire produces a surface finish with more cracks, craters
and melted drops.

Jaganjeet Singh et al [3], described the optimization
of the WEDM process using Taguchi methodology. It
was found that the Taguchi’s parameter design is a simple,
systematic, reliable, and more efficient tool for
optimization of the machining parameters. The effects
of different machining parameters such as pulse-on time,
pulse-off time, peak current, servo voltage, wire tension
and wire feed has been studied though machining of H13
hot work steel. An attempt has been made to optimize
the machining conditions for surface roughness based
on (L18 Orthogonal Array) Taguchi methodology.

Max Schwade [4], stated that EDM is time
consuming especially for the application of new materials
or in the case of unfavorable machining conditions. Due
to the large number of influencing factors and their
interdependencies it isdifficult to foretell the machining
conditions only by interpretation of the used generator
parameters. In this study the actual physical values for
current and voltage as well as pulse on-time and off-
time of each discharge was found by monitoring the
electrical process signals.

IJEST Vol.11 No.1 January - June 2017

G. Harinath Gowd [5], optimized the wire EDM
process parameters for machining SS304. After
conducting pilot experiments and literature survey, the
influencing parameters were identified. The effect of
input parameters such as pulse-on time, pulse-off time,
wire tension and water pressure on surface roughness
and material removal rate while machining the stainless
steel 304 material is analysed.

Sivaprakasam et al [6], investigated the influence of
three different independent parameters such as voltage,
capacitance and feed rate of micro wire electrical
discharge machining performances of material removal
rate (MRR), Kerf width (KW) or cutting width and
surface roughness (SR) utilising response surface
methodology with central composite design (CCD). The
experiments are carried out on titanium alloy
(Tie6Ale4V). Analysis of variance (ANOVA) was
executed to find out the significant impact of each
factor. The model evolved using genetic algorithm
(GA) was used to determine the optimal machining
conditions using multi-objective optimization technique.

Ugrasen et al [7], has established statistically
significant machining parameters and the percentage
contribution of these parameters on accuracy, surface
roughness and MRR. Each experiment has been
performed using L16 orthogonal array under different
cutting conditions of pulse-on, pulse-off, current, and bed
speed. Among various process parameters voltage and
flush rate were persistent. Based on this analysis,
process parameters are optimized. ANOVA is
performed to calculate the relative magnitude of the
each factor on the objective function. Evaluation and
comparison of responses was done using artificial neural
network.

3. EXPERIMENTAL DETAILS
3.1 Experimentation

The experiments were carried out on a five axis
Electronica Sprintcut 734 CNC Wire cut machine.
Sprintcut 734 provides full flexibility to the operator in
choosing parameter values with in a wide range. The
WEDM setup is shown in Figure 1. A brass wire of
250um diameter is used as the tool material. De-ionized

water is used as the dielectric fluid.
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Fig.1 Wire EDM setup for experimentation

Surface Methodology
3.2 Work Piece

In thiswork, H13 hot work tool steel is used for the
experimentation. The material has high hot tensile
strength, hot wear-resi stance, toughness, good thermal
conductivity and insensitivenessto hot cracking. H13type
grade offers a good for experimentation, resistance to
softening up to 600°C, combined with good stability in
hardening and high toughness, making it suitable not only
for hot die applications but also plastic moulds. The
composition of metal is shown in Table 1. In this work
H13 tool steel plate of 200mm x 50mmx 15mmisused.
The machined work pieces with cut piecesis shown in
Figure2.

Table 1 Composition of Wor kpiece M aterial

Element C Mn

P Cr Vn

0316 0338

0.0123

4956 [1.09] 1283

e b B & 2 o
—_— T e -

Fig. 2 Machined work piece with cut pieces

3.3 Design of Experiments with CCD

Using the response surface methodol ogy, the different
combinations of input parameters to conduct the
experiments and their corresponding responses are
tabulated in Table 2. The central composite design is

adopted for creating 30 runs.

3.4 Monitoring of Output Responses
3.4.1 Material Removal Rate

The metal removal rate (mma3/min) is calculated from
the cutting speed data directly displayed by the machine
tool with the help of the Eq. 1. Values of the cutting
speed are noted for certain distance from the initiation
of cut along a particular axis. This is done to ensure that
readings are to be noted only when the cutting is properly
stabilized. The offset of the wire is set at zero.

Material removal rate = cutting speed x kerf width x
height mms/min. (D)

i)

3.4.2 Surface Roughness

Surface roughness of the workpiece was measured
using MITUTOYO made surface roughness tester
SJ-201P instrument having stylus radius of 3mm and its
resolution is 0.1um and it is shown in Figure 3. It is a
shop—floor type surface roughness measuring instrument,
which traces the surface of various machine parts
and calculates the surface roughness based on
roughness standards, and displays the results in pm.

Fig.3 Surface Roughness Tester

3.4.3 Kerf Width

Kerf width occurs during machining is measured
using the tool maker microscope. It determines the
dimensional accuracy of the finishing part, is of extreme
importance. The internal corner radius to be produced in
WEDM operations is also limited by the kerf.
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Table2 Design of Experimentsand itsResponses

5TD Responses

Order b i " i MRR : KW SR

Unit (ps) (us) (amps) ™) (mm®*/ min) (mm) (pum)
12 25 58 190 8 83292 0279 220
8 125 38 210 6 04567 0.287 125
19 120 54 200 7 81218 0273 3152
2 125 50 190 6 12125 0.283 136
10 125 30 190 8 12470 0289 241
15 115 38 210 8 5.0008 0.286 167
17 120 34 200 7 §.2013 0275 294
13 115 30 210 8 1.7332 0284 3.04
20 120 4 200 7 82013 0275 2.94
1 115 38 190 6 1.0343 0.26% 187
3 115 38 190 6 4 8635 0.263 1.72
4 125 58 190 6 8.7354 0.276 236
7 115 38 210 6 47912 0.273 X175
8 115 30 190 8 6.8753 0.267 194
18 120 54 200 7 §.2474 0.281 287
14 125 50 210 8 13.875 0300 347
6 125 30 210 6 13.813 0.209 3.58
5 115 50 210 6 1.3457 0273 287
11 115 38 190 8 4.7038 0.265 1.61
16 125 38 210 8 89056 0.302 304
21 110 34 200 T 35136 0267 2.14
23 130 34 200 7 14229 0.306 3.37
30 120 54 200 7 8.1696 0276 264
27 120 54 200 5 8338 0.280 254
24 120 62 200 7 5.6592 0259 276
23 120 34 180 f) 1.6362 0.267 198
23 120 46 200 r) 13.370 0.286 287
28 120 34 200 7 82225 0273 2.7
26 120 54 200 7 60244 0.283 312
28 120 54 200 9 8.7822 0.287 264

4. RESULTS AND DISCUSSION

The experiments were framed and conducted by
employing response surface methodology (RSM). The
selection of appropriate model and the development of
response surface models have been carried out by using
Minitab 17 software. The regression equations for the
selected model were obtained for the response
characteristics, viz., Material Removal Rate, Kerf
Width and Surface Roughness. These regression
equations were developed using the experimental data
and were plotted to investigate the effect of process
variables on various response characteristics. The
analysis of variance (ANOVA) was implemented to

statistically analyze the results.
IJEST Vol.11 No.1 January - June 2017

4.1 Analyis of Variance

Analysis of variance is carried out to statistically
analyze the results. ANOVA checks the values of R2 as
it explains the ratio of the variability explained by the
model to the total variability inherent in the observation
data of experiments. It also shows adequate precision
which calculates signal to noise ratios. A ratio greater
than 4 shows that the model to be fit. Process variables
having p-value < 0.05 are considered significant terms
for the given response parameters. The backward
elimination process eliminates the insignificant terms to
adjust the fitted quadratic models and in the present work
backward elimination process with a to exit = 0.05 is
used to eliminate the insignificant terms.
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4.1.1 ANOVA for Surface Roughness

Surface roughness is an important process criterion,
which dictates the condition of the surface component
which has to be machined. The Analysis of Variance of
surface roughness is given in Table. 3. Based on analysis
of variance as shown in Table. 3 the Values of ‘Prob.>
F’ less than 0.05 indicates that model terms are
significant at 95% confidence level. F-value of model is

Surface Methodology
12.62 and the associated p-value is lower than 0.05 and
it indicates that the model is significant. The p-value for
lack of fit is 0.494 suggesting that this model adequately
fits the data. From ANOVA results, it could be observed
that factors Ton, Toff and IP are significant and the other
interaction factors are non-significant. Almost 84% of
the total variation in the response data could be
contributed to factors T and IP.

Table 3Analysisof Variance of Surface Roughness

Source DF Adi 88 Adi MS F-value P-value
Model 15 6.87227 045815 12.62 0
Blocks 1 0.00641 0.00641 0.18 0.681
Linear 4 6.52083 1.63021 44 89 0
Ton 1 207682 207682 57.19 0
Toff 1 0.1944 0.1944 535 0.036
IP 1 42336 42336 116.58 0
WT 1 0.01602 0.01602 0.44 0517
Square 4 0.21338 0.03383 148 026
Ton*Ton 1 0.00943 0.00943 0.26 0618
Toff* Toff 1 0.00034 0.00034 0.01 0924
IP*1P 1 0.1336 0.1336 3.68 0.076
WT*WT 1 0.10643 0.10643 293 0.109
2-way Interaction 6 0.12965 002161 0.6 0.73
Ton*off 1 0 0 0 1
Ton*IP 1 0.02103 0.02103 0.58 0459
Ton*WT 1 0.0484 0.0484 133 0.268
Toff*IP 1 0.0196 0.0196 0.54 0475
Toff*WT 1 0.03423 0.03423 094 0348
IP*WT 1 0.0064 0.0064 0.18 0.681
Emror 14 0.50839 0.03631
Lack-offit 10 037519 0.03752 1.13 0.494
Pure Emor 4 0.1332 0.0333
Total 29 738067
Model Summary|
S R-sq R-sq(adj) | R-sq{pred
0.19056 03.11% | 85.735% 63.29%

4.1.2 ANOVA for Material Removal Rate

From ANOVA results given in Table 4, it could be
observed that factors T, Toff and IParesignificant,in
addition to that one higher order term T _ 2 and the other
interaction factors are non-significant. It was observed
from the F and P values that the factors Ton and Toff
aremost significant for MRR. This can a so be observed
from the va ues of percent contribution obtained for each
source, which quantifiesthe contribution of aparameter

towards the variaion in response. Almost 88% of the
total variation in the response data could be contributed
tofactors T and IP.
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Table4Analysisof Variancefor Material Removal Rate

Source DF Adi S8 Adi MS F-value P-value
Model 15 234.09 15.606 4189 0
Blocks 1 1.189 1.189 319 0.096
Linear 4 226.36 56.592 151.89 0
Ton 1 137.62 137.62 369.38 0
Toff 1 75413 75413 202. 0
IP 1 13243 13.243 "35.54 0
WT 1 0.083 0.083 0.22 0.644
Square 4 3.839 0.965 2.59 0.082
Ton*Ton 1 2858 2.858 767 0015
Toff*Toff 1 1498 1.498 4.02 0.065
IP*TP 1 022 022 0.59 0453
WT*WT 1 0.192 0.192 0.51 0485
2F] 6 2.68 0.447 12 0362
Ton*off 1 1332 1332 357 0.08
Ton*IP 1 0.175 0.175 047 0.505
Ton*WT 1 0.191 0.191 0.51 0485
Toff*IP 1 0.516 0516 139 0239
Toff*WT 1 0.438 0.438 1.23 0.286
IP*WT 1 0.007 0.007 0.02 0.89
Error 14 5216 0373
Lack-offit 10 5.192 0519 86.36 0
Pure Emror 4 0.024 0.006
Total 29 23931
Model Summary
S R-sq R-sg(adj) R-sg
0.610403 07.82% 05.48% 83.66%

4.1.3 ANOVA for Kerf Width

From ANOVA results found in Table 5, it could be
observed that factors Pulse on time, Pulse off time,
Current, Wire Tension and two higher order term Tonl,
WT] are significant and the other interaction factors are
non-significant. It was observed from the F and P values
that the factors T_ and IP are most significant for kerf
width. This can also be observed from the values of
percent contribution obtained for each source, which
quantifies the contribution of a parameter towards the
variation in response.

RSM is a statistical technique for calculating and
representing the cause and effect relationship between
true mean responses and input control variables. The
main idea of RSM is to use a set of designed experiments
to obtain an optimal response. In this work, response
surface modelling is utilized for determining the relations
between the various WEDM process parameters on the

IJEST Vol.11 No.1 January - June 2017

responses, i.e., Material Removal Rate (MRR), Surface
Roughness (SR) and Kerf Width (KW).

4.2.1 Effect of Process Parameters on MRR

The regression coefficients of the second order
equation are acquired by using the experimental values.
The mathematical equation for the material removal rate
as a function of four input process variables was
developed using experimental data and is shown in
Equation 2.

MRR = 174 - 2.41 Ton + 0.31 Toff - 0.307 IP - 6.45 WT
+0.01291 Ton*Ton + 0.01461

Toff*Toff + 0.00090 IP*IP + 0.084 WT*WT 0.01442
Ton*Toff + 0.00209 Ton*IP + 0.0219

Ton*WT - 0.00449 Toff*IP +0.0423 Toff*WT +0.0021
IP*WT )
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The response surface is plotted to study the effect of
process variables on the material removal rate and is
shown in Figure 4a-4c. From Fig. 4a the material removal
rate is found to have an rising trend with the increase of
pulse duration and at the same time it decreases with

Surface Methodology
the increase of pulse off time. From Figure 4b the terial
removal rate is found to have an increasing trend with
increase in pulse on time and kerf width. Figure 4c shows
that the material removal rate increases with increase in
peak current.

Table5Analysisof Variancefor Kerf Width

Source DF Adi 55 Adi M5 F-value P-value
Model 15 0.004011 0.000267 17.88 0
Blocks 1 0.000001 0.000001 0.09 0.768
Linear ! 0.003518 0.00088 38.8 0
Ton 1 0.001926 0.001926 12877 0
Toff 1 0.00033 0.00033 2207 0
IP 1 0.001107 0.001107 74.01 0
WT 1 0.000155 0.000153 10.37 0.006
Square 4 0.000342 0.000086 572 0.006
Ton*Ton 1 0.000206 0.000206 13.76 0.002
Toff*Toff 1 0.000016 0.000016 1.06 0321
IP*TP 1 0.000034 0.000034 228 0.153
WIEWI 1 0.000109 0.000109 726 0.017
2-way 6 0.000149 0.000025 1.66 0202
Ton*off 1 0.000033 0.000033 221 0.159
Ton*IP 1 0.000003 0.000003 02 0.658
Ton*WT 1 0 0 0 0545
Toff*IP 1 0.000023 0.000023 1.51 024
Toff*WT 1 0.000023 0.000023 1.51 0.24
P*WI 1 0.000068 0.000068 453 0.051
Error 14 0.000209 0.000015
Lack-of-fit 10 0.000173 0.000017 1.89 0282
Pure Emror 4 0.000036 | 0.000009
Total 29 0.00422
Model Summary
S F-sq F-sqady) R-sq(pred)
0.003867 05.04% 80 72% 69.26%
- "
- _— s
1 %0
5 - $ '
"o 0. ARE_
110 o 10
“:'0 A & Tos 15

Fig. 4(a) Combined effect of Ton and Toff on MRR

Fig. 4(b) Combined effect of Tonand WT on MRR

45 IJEST Vol.11 No.1 January - June 2017



R. Arunbharathi, P. Ashoka Varthanan, M. Akilesh, R. Abinash Rgju and G.B. Aravind Kumar

a6

Fig. 4c Combined effect of Tonand IPon MRR

4.2.2 Effect of Process Parameters on KW

The regression equation for the kerf width as a func-
tion of four input process variables was developed using
experimental data and is shown in Equation 3.

KW = 2.395 - 0.02229 Ton + 0.00482 Toff - 0.00788 IP
-0.0811 WT +0.000110 Ton*Ton-0.000048 Toff*Toff +
0.000011 IP*IP + 0.001990 WT*WT - 0.000072
Ton*Toff + 0.000009 Ton*IP - 0.000012 Ton*WT +
0.000030 Toff*IP+ 0.000297 Toff*WT + 0.000206
IP*WT. (3)

The response surface is plotted to study the effect
of process variables on the kerf width and is shown in
Figure 5a-5c. From Figure 5a the kerf width is found to
have an rising trend with the increase of pulse duration
and at the same time it decreases slowly with the in-
crease of pulse off time. It is observed from Figure 5b
that the kerf width increases slightly with increase in
peak current. The Figure 5c shows that kerf width not
varied with increase in wire tension.

ow
X
L]
020
e 1)
~ (11
026 Tott
110 L
[P T
Ton 10

Fig. 5 (a) Combined effect of Ton and Toff on KW
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Fig. 5(c) Combined effect of Tonand WT on KW

4.2.3 Effect of Process Parameters on SR

The regression equation for the kerf width as a func-
tion of four input process variables was developed using
experimental data and is shown in Equation 4.

SR =-91.2 + 0.459 Ton + 0.257 Toff + 0.441 IP + 2.39
WT 0.00074 Ton*Ton - 0.00022

Toff*Toff -0.000698 IP*IP-0.0623 WT*WT +0.00000
Ton*Toff - 0.000725 Ton*IP-0.01100 Ton*WT - 0.00087
Toff*IP 0.0116 Toff*WT + 0.00200 IP*WT. (4

The response surface is plotted to study the effect
of process variables on the surface roughness and is
shown in Figure 6a-6¢. From Figure 6a the surface
roughness is found to have an rising trend with the in-
crease of pulse duration and at the same time it declines
slightly with the increase of pulse off time. It is observed
from the Figure 6b that the surface roughness increases
with increase in peak current. The Figure 6¢ shows that
the surface roughness increases first and decreases with
increase in wire tension.
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5. CONCLUSIONS

Experimental investigation on wire electrical
discharge machining of H13 tool steel is performed with
a view to correlate the process parameters with the
responses such as material removal rate, kerf width and
surface roughness. The process has been successfully
modeled using response surface methodology (RSM) and
model acceptability checking is also carried out using
Minitab software. The central composite design is
adopted for designing the experiments. The second-order
response models have been checked with analysis of
variance. Finally, an attempt has been made to identify
the optimum machining conditions to provide the best
possible responses within the experimental constraints.

47
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This study can help researchers and industries for

developing a robust, reliable knowledge base and early

prediction of MRR, kerf width and surface roughness

without experimenting with WEDM process for H13
steel.

e The present study develops MRR models for
four different parameters namely pulse current,
pulse on, pulse off and wire tension for WEDM
process on H13 steel using response surface
method. Ton and Toff are the most significant factors
for material removal rate. The value of MRR
increases with an increase of pulse on time and
decreases with increase in pulse off time. WT has
no significant effect on MRR.

e Forkerf width, all the four parameters considered
in this experiments are significant.

e Among these, pulse on time and peak current are the
most significant. KW increases with increase in pulse
on time and gradually increased with the increase in
peak current.

e For surface roughness, pulse on time and peak current
are the factors that most significant.

e Surface roughness value increases with increase in
pulse on time and peak current and decreases slowly
with increase in pulse off time.

e Finally, the obtained results are optimized to
maximizing material removal rate and minimizing
kerf width and surface roughness using desirability
approach. The optimum parameter of combination
setting is pulse on time 120 ps, pulse off time 46 s,
peak current 180 Amps and wire tension 8 N for
maximizing MRR and minimizing SR and KW.
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Abstract

Now a days people are more interested in weight control, healthily eating and avoiding obesity. A system
that can measure calories of foods may be very useful for them. Use of wearable sensors for food identification
may be inconvenient to the users. Recently, due to ubiquity of mobile devices such as smart phones the
health monitoring application is easily done by using built in camera present in it for food recognition in our
plate. This application is very helpful in more regular and balanced diet, alerts on excessive snacking in
a day, suggested intervals between meals, Medical auxiliaries in therapy of nutrition-related diseases etc.
Image of a food has to be taken using smartphone camera before eating. After pre- processing image is
segmented and various features like size, shape, colour and texture are calculated. Recognition of food is
done by SVM classifier based on various extracted features. Using weight and food name the number of
calories are calculated and saved in database with date and time. This proposed scheme provide accurate
calories compared with other approaches.

Keywords: Image processing techniques, SYM Classification.

1. INTRODUCTION by calculating various features like color, texture, shape
and size. Then the image is segmented by using SVM
Many people have already known that the food intake classification algorithm.
could affect our health. There are many reports that
summarize about the suitable daily amount of calories. 2. RELATED WORK
However, it is difficult to do it practically. The users,

who lack of knowledge about nutrition, might be unable Various methods are proposed to find calories of a
to know the amount of calories in each meal. Although food in different domains. Some of them are manual
they can ask experts to identify the amount of calories, methods, Semi- automating methods, Image processing

it is not convenient and they could not aware of the methods and sensors based methods.Sensors become
amount of calories before meal. The easiest way is to moreimportant in human life. For food recognition and
take a note after each meal, then searching the detail of calories calculation various sensors are used.

calories information from internet or asking some

experts. Although this way is simple, users might be Yin Bi, Chen Song, Nan Guan, proposed aWearable
unable to get the required information in time. The users Acoustic Sensor based Food | ntake Recognition System
might record the wrong information about their meal. [1]. In this system Necklace like microphone was used
To overcome these problems, an automatic or semi- for capturing vibrating signals, produced in our throat.
automatic system is required. Microphone convert vibrating Signalsinto acoustic signals

and sent to smartphone using Bluetooth. From
On the other hand, image recognition smartphone is continuous signal s swallowing and chewing events are
much more promising in terms of availability, detected. Features are extracted and based on this
communication cost, delay, and server costs. Then, by values foods are recognized. Feature extraction is
taking advantage of rich computational power of done by using HMM (Hidden Markov Modél).
recent smartphones as well as recent advanced object Nutritional values are aready need to be storedin
recognition techniques, we propose a real-time food database system and fromthat table cal oriesfor particular
recognition system which runs on a common food item hasto betaken. AutoDietary can helpto reduce
smartphone. In this paper, image processing techniques bowel disordersduetoimproper chewing and swallowing
are used. First, food area is segmented from the food speed. Decision based treeisused for food classification.
image. Then, feature vector of such image is constructed
49 IJEST Vol.11 No.1 January - June 2017
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Microphone was comfortable for the users compared
with other wearable sensors. Each and every item was
recorded and does not need any communication with
users. But cost of microphone cannot be affordable for
many people. It cannot able to detect foods of same
sound frequency but differ in nature. Wearing necklace
for whole day providesinconvenient to users.

Meyer et al. developed a methodology to study the
ingestive behaviour by non- invasive monitoring of
swallowing and chewing [2]. The main objective is
producing volumetric and weight estimation of energy
intake. The monitoring is conducted by asound sensor
located over laryngopharynx and by abone conduction
mi crophone detecti ng chewing through a bel ow-the-ear
sensor. Obviously, the composite microphone system
reducesthe wearability and comfortability.

Amft [3] presented an acoustic ear-pad sensor device
to capture air-conducted vibrations of food chewing. To
recognize the food types, Amft derived spectral features
from all continuous chewing sounds, then averaged
these features using multiple sliding windows. A
combination of a Fisher discriminant filter and a naive
Bayes classifier was used to perform feature reduction
and food classification respectively. Use of Multiple
classification for identifying foods which provide more
accuracy.

A major drawback of their system is that it requires
multiple microphones to collect acoustic signals and
some of the microphones are placed in the ear canal.
Therefore, wearing such a system is very unpleasant
for the users. Also they focus only on four types of food
items. Not possible to detect fluid intake.

Pabler and Wolff [4] recorded sound signals by
miniature microphones in the outer ear canal. In this work
hidden Markov models are used for the recognition of
single chewing or swallowing events. Food intake cycles
are modeled as event sequences in realized by a finite-
state grammar decoder based on the Viterbi algorithm.
The event detection accuracy is 83% and food
recognition accuracy is 79%. Classification based only
on HMM that produce less results compared with
other techniques. Correct weight of a food cannot be
calculated. Less comfortable to wear microphone
because it is placed in ear canals for collecting sound
signals.
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Gao [6] used video analysis to record eating behavior
of people. Typical food intake movements are tracked in
video recordings. This solution is restricted to special
locations where cameras are installed.

Also Wu and Yang [7] proposed intake of fast food
was recorded using a wearable camera to recognize food
by frequently taking images and comparing them with
reference images in the database. Both system has
common drawbacks that is if the recognition accuracy
drops significantly with changing ambient light or incase
relevant objects are hidden behind other objects. But
provide accurate result when correct food is identified.
Yoshiyuki Kawano developed a real time mobile food
recognition system [9]. In this method to recognize food
items, a user draws bounding boxes by touching the
screen first, and then the system starts food item
recognition within the indicated bounding boxes. To
recognize them more accurately, segmentation of each
food item region is done by using GrubCut, extract a
color histogram and SURF based bag-of-features, and
finally classify it into one of the fifty food categories
with linear SVM and fast +2 kernel. In addition, the
system estimates the direction of food region where the
higher rate SVM output score is expected to be obtained,
show it as an arrow on the screen in order to ask a user
to move a smartphone camera. This recognition process
is performed repeatedly about once a second. This
system also depend on thumb based calibration technique
or need to fix camera in the specified distance for calories
estimation.

K-H Chang et al., [10] developed diet- aware dining
table model. Radio frequency identification (RFID)
tags on food packages are used to detect and distinguish
how and what people eat. The amount of food eaten
should be recorded by a dining table with integrated
weight scales, which records bite weights and assigns
these weights to each person at the table.

Main drawback of this approach is the restriction to
only one location where meals could be recorded, which
makes it impractical for eating monitoring under free living
conditions. Moreover, the system is more expensive to
deploy and requires extra efforts to attach RFID tags on
every food package.

Zhou et al. presented a smart table surface system
to dietary environment[11]. The system is based on a
smart table cloth equipped with a fine grained pressure
textile matrix and a weight sensitive tablet. Food intake
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related actions, such as cutting, scooping, stirring, poking
are detected and recognized. Based on these actions,
the food content and weight can be estimated. The system
not work well for the food type recognition and food
amount estimation due to different food of similar types
may lead to similar actions and need more cutting force
to estimation food amount.

3. PROPOSED SYSTEM

User has to take a photograph of their food whichis
in a specific table. A load cell which is attached to the
plate is responsible for weighting food items and send
the values to the smartphone where recognition of food
isdone.

After food identification and cal ories estimation the
values are stored in database and an application is
developed based onthe user needs. Mostly application
Is mainly focuson moreregular and balanced diet, Alerts
on excessive snacking in a day, Suggested intervals
between meal s and Suggestions on hydration intake. We
can extend our application based on user requirements.

Food Portaon Calorie and User
l Volume = Ketriest MM Dietician

Meaturement Measure=ent

z / \“L
Netritional Diensity
Table Table

Managemens

3.1 FOOD IMAGE IDENTIFICATION

User needs to take a photo of their meals before
eating and then following processes are take place

3.1.1. Preprocessing
Simpletransformation is need to get accurate result

like cropping or padding. Noise present in the given
imageis eliminated.

3.1.2. Image Segmentation

The first step is to segment the food area from the
input food image. Texture segmentation could be used
to segment the food area from the input food image
because food area should have a dense texture area. By
using texture segmentation, mask image can be created
and that can be used to segment the food area. Since
themask imageisabinary image, simply multipleit with
theinput imageto get the segmented image. Finaly, crop
the image to get rid of the black area of the segmented
image.

3.1.3. Feature Extraction

After the food area is segmented from the input
image extracting the feature vector from the input image
hasto bedone. Inour current study, our feature vector
is constructed from 3 feature extraction techniques
including of Bag-of-Features(BOF), Segmentation based
Fractal Texture Analysis (SFTA) and Color Histogram.

Bag-Of-Feature:

Bag-Of-Words model has been used text
processing for many years. Itscharacteristicis
to extract the feature words from various document.
Therefore, model each document with a histogram of
featurewords found in such document can be done. This
is model for document classification. Thisidea has
been applied for image recognition. Instead of extract
the feature words, extracting the feature pointsfromthe
input image hasto bedone. All feature pointsin theimage
areclustered into several groups, and the center of each
cluster will be used to represented each group. SIFT
is used toextract feature pointsinthis system. K-Mean
clustering method isused to cluster all extracted feature
pointsinto many groups.

Color Histogram:
It is obviously that color is another feature that can
be used to distinct the type of food, so use of color

histogram as another feature vector. Creating this
histogram on RGB (Red, Green, Blue) channels.
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4. SVM CLASSIFICATION

After the feature vector is constructed, support
vector machine (SVM) a tool, torecognize the input
image. Support vector machines are a set of related
supervised learning methods used for classification and
regression. They belong to afamily of linear classifiers.
In another terms, Support Vector Machine is a
classification and regression prediction tool that uses
machine learning theory to maximize predictive
accuracy while automatically avoiding over-fit tothedata.
Support Vector machines can be defined as systems
which use hypothesis space of a linear functions in a
high dimensional feature space, trained with alearning
agorithm from optimization theory. SVM compare al
combination of feature and recognize food by using
varioustraining dataset.

Once the application performs the complete analysis
of the image and the food portions, the user will get a
suggestion of the type of food for each portion, and the
user must then accept the suggestion made by the
application, or correct the type of the food. The image
will be shown to the user at the end of the recognition
procedure.

4.1 Smartphone Application Development

After calculating calories we have to develop an
application based on health monitoring system. For
developing application Android studio has to be used.
Food items are recorded in database using that
datas various applications may be defined.
Intimation to the users using messages for many
typeslike need to be eat, over amount of calories arein
taken today like that application can ableto design.

5. IMPLEMENTATION
First the food items in the plate has to segmented.

For this we need some preprocessing method. Using
graphcut method the food item can be separated.

IJEST Vol.11 No.1 January - June 2017
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6. CONCLUSION

In this project, AutoDietary a comprehensive and
preliminary solution for food intake recognitionin daily
life systemis presented. Health monitoring application
is developed with the use of built in camera in
smartphones. Food recognition is done by image
processing techniqueswhich provide comfortableresults
compared with other existing system. Images are
segmented and features extractions are carried out.
Using SVM based techniques food classification is
performed. Developed application on thesmartphone
which not only aggregatesfood intake recognition results
but also displaystheinformation in auser-friendly way
and provides suggestions on healthier eating.
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Abstract

Beltweigher is an instrument used to measure and control the solid flow rate in industries. It allows the
continuous weighing of materials as they are transported through the conveyor. It usually form a part of the
conveyor equipment where it replaces a particular section of the conveyor belt. There are various factors
such as belt tension, belt stiffness, location and alignment which affect the accuracy of the equipment. Hence
it is necessary to simulate the process conditions and check the performance of the equipment before
commissioning in the field. This paper discusses the performance analysis of a continuous beltweigher under

different loading conditions using Labview.

Keywords: Beltweigher, Flow rate, Labview, Load, Performance, Solid

1. INTRODUCTION

Beltweighers are used to determine the mass flow
rate of materials with high accuracy. They are
predominantly used in power plants to weigh the coal
which has been purchased. Since it is used to estimate
the consumption of raw materials, the accuracy of the
beltweigher should not be compromised. Thechallenging
part in this equi pment isto compensate for the external
disturbanceswhich affect the accuracy of theinstrument.
Also periodic calibration will lead to interruptsin plant
process. The beltweigher not only measures the mass
flow rate but also controlsit by varyingthe speed of
the conveyor or the opening of afeeder.

The measurement of mass flow rate gives the edge
over the accuracy since the volumetric flow rate needs
to be compensated for density changes due to pressure
and temperature. Some of the factors which affect the
mass flow rate measurement in beltweighers are
belt tension, belt stiffness, alignment and tracking. With
predetermined requirements for a load capacity the
causes for these disturbances can be simulated in
Labview and the compensation required to overcome
these disturbances can be obtained. This provides the
advantage of designing the equipment without testing it
directly in thefield thereby reducing the overall cost. It
a so provides an opportunity to enhancethe performance
of the weigher by considering the factors affecting the
accuracy. This paper proposes a performance anaysis
method in labview which allowsthe engineer toidentify
the errors in weighing using a beltweigher and design
the equi pment appropriately.
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2. LITERATURE SURVEY

Authors have utilized the Labview software to
simulatevirtual SCADA system and study the effects of
bus parameter changes in loading conditions [1]. An
automatic speed assistant system was designed for
various road conditions to pave way for a safe
transportation system [2]. The performance of an
induction motor was performed under different motor
parameters[3]. A temperaturedigital control systemwas
designed to check the performance of electronic devices
under different temperatures[4]. The position control of
a DC motor using Fuzzy and PID control was realized
using Labview [5].

3. BACKGROUND REVIEW
3.1 Beltweigher

Thebeltload or the material to beweighed ismeasured
by aload cell and the speed of the conveyor is measured
by a proximity probe. The product of the two values
providesthe massflow ratein tons per hour or kilograms
per hour. The beltweigher replaces apart of the conveyor
belt and measurestheflow ratethrough that length. They
can be configured as counterbal anced type, pivoted type,
single roller or multiple rollers etc. Each has its own
advantages and disadvantages. The pivot systemisrigid
but is subjected to wear in corrosive environments. The
speed of the conveyor is calculated from the pulses
received from the proximity probe and is controlled by
varying theinput frequency of the supply. Animportant
factor to be considered during installation of beltweigher
is that it should not be placed at the point of feeding.



Accuracy will be highif it is placed near the point of
discharge.
3.2 Labview

Labview is a graphical programming environment
predominantly used for data acquisition and Industrial
automation and control simulation. It hasauser friendly
interface and graphical coding language which makes
it popular even about beginnersin programming. It allows
usersto test the individua VI before compiling it
into a large program using subVI. Dynamic
characteristics of a process can be analyzed using
mathemati cal model swhich accel eratesthe devel opment
of a product. It featuresa control design and simulation
module to construct control models using transfer
functions and analyze the system using step response
and various plots. Labview also alows interfacing
hardware devices with the softwareto store data as
well as control devices. Using these features a
performance analysis system was developed and its
performance was analyzed.

4. IMPLEMENTATION

The beltwei gher chosen for the analysi s purpose uses
twoidlersfor weighing asshowninfig.1. The maximum
flow rate and belt speed istaken to be 100 kg/mand 0.2
m/s. This type of system is generally preferred in
industries and hence this design has been taken into
consideration. Some of the problemsin the continuous
weighing section are due to wear and tear of theroller,
dust accumulation, varying belt thicknessand aignment.
By understanding the sources of error it ispossibleto
eliminate its effect and improve the accuracy. Other
possibility of errors may originate from theload sensor,
speed probe and the controller electronics. The effect
of these errors on the belt weigher and how it is
compensated are discussed below.

mmmmmlp- MATERIAL TO BE WEIGHED

T'HR MILSE

CONTROLLER

Fig.1 Belt weigher with multi idlers
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4.1 ldler Alignment

For idlerswhich arealigned perfectly and negligible belt
thicknessthe force acting on theidler is given by

F=M* g* P
where M-belt load, g-acceleration due to gravity, P-idler
pitch. When any misalignment occurs the weighing
idlers are displaced by a distance x form the nearby
idlersan additional force of magnitude

Fo=2*T*x/P
isintroduced. Theratio of these forces gives the effect
of belt tension and idler pitch on the weigher readings.
The values of maximum belt load, acceleration due to
gravity and belt stiffnessare provided through anumeric
constant as shown in fig.2 as these values are fixed.
Thevauesfor idler pitch and displacement are provided
through arandom generator. Plotting the value of these
two forces over a XY graph we obtain a relationship
that clearly statesthat the belt tension should below and
idler pitch should be high. Thevalueof error plotted over
agraph for x and P as shown in fig.3 helpsto attain the
proper idler alignment conditions.

Fig.2 Block diagramfor idler alignment

¥ g luzu
s |

b=
TR

o wrand 131

Fig.3 Performance analysisfor idler displacement
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4.2 Belt Siffness

For the previous error compensationthe condition
was that the belt stiffness was negligible. However
conveyor belts contain varying belt thickness which
causes an additional force on the weighing idlers. A
stiffness factor Kt was given by Cutler as

Kt = 1+12[L/P*"E*I/T]?

By simulating the valuesin labview using constants
asshowninfig.4 and operators we can generate agraph
relating the stiffness factor and percentage of error.
Obtaining the graph asshowninfig.5for the belt stiffness
factor and the belt pitch suggests that a stiff belt will
produceless error compared to aloose belt. It also says
that the accuracy not only depends on the weighing
idlers but also on the idlers nearby to theweighing
idlers. Additionally the belt stiffnessal so varieswith the
troughing angle and property of materials.

o
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Fig.4 Block diagramfor belt stiffness
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Fig.5 Performance analysis for belt stiffness
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4.3 Skirt Plate

Errorsareintroduced due to the usage of skirt plates
as the friction between the conveyed materials and the
skirt plate induces an additional force on the weighing
idlers. Since this error is nonlinear it is difficult to
compensate. The force exerted by the conveyed
materials on the weighing idlers is reduced by the
frictional forcesgenerated by the skirt plates. The correct
value of weight acting on the weighing section is
calculated using the variables such as specific weight
of the material (y), belt depth (h) and belt width (b) as
follows:

W = b*h*y

The frictional forces are calculated from the wall
friction angle and corrected weight. The graph obtained
showsthe performance of theweigher with theinclusion
of skirt plates. The obtained results clearly show that
the inclusion of skirt plate increases the percentage of
error.
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Fig.7 Performance analysisfor skirt plate



4.4 Calibration

Cdlibration isthe process of comparing with aknown
standard to ensure that theinstrument is operating within
its predefined limits. It is a critical process when the
instrument is used for measuring the raw material
consumptioninaplant. Calibration of aweigher can be
done by two ways:

e Chain cdibration: In this method a roller chain of
known length and mass is placed over the weighing
section. This type of calibration ensures only the
effects of load over the particular section of the belt
where the chain is placed. It does not ensure the
effects of load over the remaining belt sections.
Hence its accuracy is very low and is used for
weigherswith low capacity.

e Deadweight calibration: In thismethod adead weight
whichiscalibrated against astandard weight isplaced
on
the load cell platform. The theoretical value is
calculated manually using the belt speed and the
weight applied. Thisvaueiscompared with thevalue
displayed by the controller. This type of calibration
is very simple and should be considered only for
short period calibrations.

5. RESULTS AND DISCUSSION

The performance of amulti idler based system with
aload capacity of 100 kg/m and belt speed of 0.2 m/s
was analyzed. The graph obtained for individual factors
likeidler alignment, belt stiffness and skirt plate shows
how the wei gher can be designed such that these effects
can be reduced without affecting the accuracy of the
instrument. Figure showsthat theidler pitch needsto be
highin order to reduce theweighing error. Figure shows
that astiff belt will producelesserror. Figure showsthat
the percentage of error increases with the increasing
dimensionsof askirt plate.

6. CONCLUSIONS

This paper presents a performance analysis method
using labview where the accuracy of the weigher with
respect to various parametersisanalyzed graphically with
minimal programming effort. This system has been
designed in such away that it can be used by engineers
with minimum programming knowledge. By means of
thissimulation, optimum parameter for aweigher design
has been obtained.

Performance Analysis of a Dynamic Weighing System in Labview
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Abstract

Smart grid is a grouping of information and communication technology and intelligent common infrastructure.
Talking about smart grid the consumers and suppliers are very much important inorder to manage,monitor
and control all energy issuses smartly. Easy instalation and high reliablity data communication over power
line carrier isan important requirment to make a smart grid more constructive than fixed grid system.Therefore
a latest RFID based power line technology has been developed unlike conventional system carrying data
through antenna. RFID based power line carrier technology is used for detection and payment inorder to
keep up the grid smart. With this technology, power factor correction and maintanance techniques are
included inorder to improve the power system stability. Whenever the non-linear load is connected in load
side, the proposed system will automatically detect and connect the power factor correction circuit(capacitor
bank) for maintain the power factor in consumer side.

Keywords: Capacitor bank, Power factor, Power Line Communication (PLC), Radio Frequency |dentification

(RFID), Smart grid
1. INTRODUCTION

Today’s electrical infrastructure have remained
electrical grid hasbeen ageing infrastructure, thedemand
for electricity hasgradually increased. The demand and
utilization of electricity increased by 2.5% annually over
the last 20 years. Today the electric power distribution
network be very complex. Among the deficienciesare
a lack of some ideas and switching mechanically
causes slow response system, due to lack of system
response blackouts were occurred over past few years.
The various factors are the growing population, the
demand for the energy, the global climate condition,
equipment failures problem, the capability limitations
of electricity generation, energy storage problems,
one-way communication and decreasein fossil fuels.

Consequently, a new grid infrastructure is straight
away needed to address these challenges. Smart grid is
a new trend in electric power grid infrastructure to
improve the overall efficiency and reliability of the
system.Smartgrid is the best technique for smooth
integration of renewable energy sources through
automated control and modern two way communications
technologies[9].
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Thewireless RFID (Radio Frequency Identification)
technology iswidely used throughout theworld. Itshigh-
security system, used in a wide range of applications
such as cashless payment ticketing systems for
transportation and home appliances. For example in
departmental stores, the people be able to pay the
payments more easier, by holding an RFID card over a
reader/writer. Radio-Frequency I dentification (RFID) be
an automatic i dentification system, relying on storing and
retrieving datausing devicescalled RFID tags otherwise
transponders. RFID includes RFID reader and RFID

tag[8].

In conventional electricity billing system, a person
from electricity office has to come to the consumers
premises and note down the reading of the electricity
kWh. The consumer must pay the required amount to
the electricity board. If the consumer did not reimburse
the amount, the person from electricity board again has
to come and trip the supply to consumers. Inorder to
avoid human required to do the billing and tripping
process, a new technology were developed to enhance
the grid to be real smart. This paper proposes a new
technique to makethe present electrical grid systeminto
very smart by by means of RFID based power line
carrier technology with power factor maintenance and
correction in load side. The proposed system suggests
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the RFID tag which can be used for data transmission
between the consumer and suppliers.With this
technol ogy,whenever nonlinear load is connected in the
consumer side,the powerfactor can be automatically
corrected by the power factor correction circuit to avoid
penalty to consumers. The user should buy one RFID
card from electricity board. The card number have to
be registered in the data base of the electricity board.

The power factor plays an significant role inorder to
design an energy saving schemeinload side. The power
lossesinthe electrical network isincreased duetolagging
power factor in the output power[ 7].The non -linear |oad
will be the major cause for lagging power factor. The
designed scheme is concerning about maintaining the
power factor of load side.

Power factor be the cosine of the angle between the
voltage and current. The current and voltage is sensed
by with current and voltagetransformer. The phaseangle
between the voltage and the current is calculated and
theresult will be compared inthe microcontroller. These
processesare continuoudy carried out by microcontroller
and maintain the power factor automatically [1-2][5].

2. HARDWARE DESCRIPTION
2.1 Smart Grid

Smart grid has been arecent phenomenon which has
attracted the attention of engineers and researchers of
both the el ectric power and communication sectors. The
idea of smart grid has appeared in recent literature in
different techniques used to control the power grid
operation. It has been called as the “grid of the future’,
while some refer to it as the “intelligent grid’. The primary
objective of the smart grid concept is to provide the
consumerswith more efficient and reliable power supply,
which the power gridsof today may not be ableto supply
in future. Smart grid can be used a two-way
communication among the suppliers and consumers of
electric power. The bi-directional communication
indicatesthe ability of smart grid to accept the end users
and their power requirement demands to the utility
suppliers.

A smart grid can be rightly defined as a modernized
electrical grid which uses the information and
communication technology to collate and assimilateideas
and behavior of the suppliers and consumers
automatically in order to enhance the efficiency and
uniquenessin the production and distribution of eectricity.

Theefficient and real timeinformation of the smart grid
becomes the most notable factor for the reliable
delivery of power to theconsumersfromthesuppliers.
The impact of apparatus failures or damage, capacity
constraints, and natural accidents which creates some
problems in monitoring, diagnostics and protection of
power system[9]. The communication systemisthe most
significant component of the smart grid infrastructure.
Different communicationstechnol ogiesare used for data
transmissi on between measuring equipmentsand electric
power utilities. In some cases wired communications
have some advantages over wirel ess technol ogies such
as low-priced and maintenance. The transmission path
may cause the signal to attenuate. On the other hand,
wired solutions do not includeinterference problemsand
their functions are not dependent on batteries, aswireless
solutions often do.

It could be said that two types of information
infrastructure are required for information transmission
system of smart grid, the one is from the electrical
appliancesto smart meter and the other isfrom the smart
meter to the utility’s data center. As suggested in [9], the
data transmission can be accomplished by power line
communication or wireless communications, such
as ZigBee, RFID, Z-wave €tc,.

2.2 Power Line Communication

Smart Grid functions include the integration of
intermittent renewable energy sourcesinto theelectricity
supply chain, affording reliable eectricity delivery tothe
consumers, and using the existing electrical infrastructure
more effectively. Power line communication (PLC)
carries data going on a conductor that can also be used
for AC electric power transmission or electric power
distribution to customers. Power line communication
(PLC) isauniquetechnique in the transmission system
that can handle data signalsfrom one deviceto the other.

It has been the first choice for communication with
the el ectricity meter owingto the direct connection with
the meter and successful implementations of AMI
(Automatic Metering Infrastructure) in urban areas
whereas other solutions struggle to meet the needs
of utilities. PLC systems based on the low voltage
distribution network have been one of the research topics
for smart grid applicationsin China[9].
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2.2.1 Features of PLC

e PLC is an innovative and dedicated technology for
smart grid applications. It is so because of the fact
that the existing infrastructure significantly decreases
the installation cost of the communication
infrastructure.

e The efforts on standardization on power line
communication networks, the high cost, ubiquitous
nature, and is used in wide applications. It is also to
be noted that the home area applications is one of the
biggest areas where PLC technology has been
applied.

e Smart metering, monitoring and control application
can be well suited for urban areas by this technology;,
since the PLC infrastructure covers the areas that
are in the range of the service territory of utility
companies.

e Although there are strong wireless and wire line
communication competitor, it is believed that power
line communications (PLCs) will complete various
communication tasks in upcoming Smart Grid
deployments as PLC provides the natural upgrade
from simple electricity conductors to mixture and
bidirectional electricity and data communication
solutions.

2.3 Radio Frequency Identification

The one automatic identification method i sthe Radio-
frequency identification (RFID), relying on storing and
remotely retrieve databy means of strategy called RFID
tags or transponders. An RFID tagcan be appliedto
a product and radio waves is used for identifying and
tracking the users. The RFID tagisableto read from
several meters away and beyond the line of sight of the
reader. Electronically program with unique information.
Many types of RFID systemsare availablein the bazaar.
Depending upon the frequency rangethey areclassified
asfollows:

o Lessfrequency (30 KHz to 500 KHz)
e Medium-Frequency (900K Hz to 1500MHZz)
e High Frequency (2.4GHzto 2.5GHz)

The above frequency ranges mostly depends on the
length of thetag. For example, low frequency tag ranging
from 3m to 5m, mid-frequency tag ranging from 4m to
16m and high frequency tag ranging from 5ft to 95ft.
There are different types of frequencies or spectra by
using that RFID tags communicates with readers. For
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illustration, low-frequency tags are incredibly cheaper
and better than Ultra High- Frequency (UHF) tags
that is it usesa little amount of power and are it has
the ability to penetrate in non-metallic substances.
Scanning the objects is also possible with high water
content, for example fruit, are at close range. The data
transfer is faster in ultrahigh frequencieswhich have
a better range, when compare to every other
frequencies. More power is needed to pass through the
materials. So UHF tags are used into wood, paper,
cardboard or clothing

products.UHF tags were very much useful for
scanning goods in ware house.

2.3.1 Data Capacity

The amount of bits stored on the tag can varying
from 16 bits on the low end to as much as several
thousand bits on the high end. Of course, if the storage
capacity ishigh the price per tagis high.

2.3.2 Passive Versus Active

Passive and active tags are different from each
other. There is no battery for “Passive” tags and it
“broadcast” their data at only after energized by a
reader.” Active” tags are having batteries so it use its
own battery power to broadcast their data .Another
difference is that the ranges of read are much greater
for active tags than for passivetags. The read range of
active tagsand the extracapability arehigher however,
thiswill be more cost where as passive tags read ranges
is less than the active tags but cost effective.

For high-value objects active tags are much more
likely to be used that may be trailers, where the cost is
minimal compared to theitemvalue, and very long read
rangesarerequired. The passivetagsare mostly usedin
conventional supply chain applications, such as RFID-
based track and agreement programs emerging in the
consumer goodsretail chainand it iscost effective than
active tag.

2.3.3 Typical Applications of RFID

Automatic Vehicleidentification
Payment system

Access management
Trackinganimals



Power Factor Improvement in Consumer Side Through Power Line Carrier Using RFID Technology-Smart Grid

2.3.4 RFID Merits over Bar coding

e No “line of sight” requirements: Bar code read can
sometimes be limited or problematic dueto the need
to have a direct “line of sight” among a scanner and
a bar code. RFID tags are able to read through
materia swithout line of sight.

e More automated reading: RFID tags can be able to
read automatically when a tagged product comes
past or near a reader, reducing the manual |abor
required to scan product and allowing more proactive,
real -time tracking.

e Improved read rates: RFID tags finaly offer the
promise of higher read data rates than bar codes,
particularly in high-speed operations such ascontainer
sortation. Larger data capacity: RFID tags can be
easily encoded with itemdetailssuch ascluster and
batch, weight, etc.

e “Write” capabilities: since RFID tags can be
rewritten with new data as supply chain actions are
completed, tagged products carry updated information
as they move throughout the supply chain.

D. Power Factor

Themain purpose of thisproposed systemisto develop
an energy efficient scheme in load side. Due to this
proposed system, network losses are decreased and
system stability level isimproved. The designed topol ogy
is mainly concerned for improving the power factor in
the load side. Industrial power distribution networks
encountersincreasein power lossesand raiseinthetype
of load is accompanied with low power factor which
leadsto huge transfer of reactive power fromthe utility
through the network. Themain limitsof presence of non
linear load are increasein the network |osses and reduce
the voltage magnitude. It can result in poor reliability
and higher energy costs.

Power factor isdefined astheratio linking real power
or actual power to apparent power. The general definition
can be applied to all cases. The actual amount of power
being used by acircuit is called true power. The power
being used by the capacitors and inductors is called
reactive power. Thelinear combination of real power
and reactive power iscalled apparent power.

61

Three major loads in the power system are resistive,
inductive, capacitive loads. Some of the resistive loads
are Kkettles electric radiators and electric heaters. In the
same way Inductive loads are arc furnance, induction
motors and reactors and at last capacitive loads are
various capacitors, capacitor banks and over excited
synchronous motor. Inductive loads are mainly used in
industry sectors than domestic area. This industry load
value can be changed time to time due to the presence
of inductive load and it causes power factor problem
more than the domestic area. So that there is a
requirement of power factor correction [7]. In an AC
circuits there exist a phase angle difference between
voltage and current. The term be also known as power
factor of the circuit.

Power factor=Active power (kw)/Apparent power
(kvar)

Anpurely resistive load (kettles ,electric radiators and
electric heaters) would include a power factor of 1.0
(unity).If the circuit is inductive, the current value lags
voltage value with 90 degree and the power factor is
called as lagging power factor. If the circuit is capacitive
then current value lead to the voltage value by 90 degree
and power factor is said to a be leading power factor.
The average power in an AC circuit is uttered in terms
of rms current and voltage, P= VI cos®.

Power Triangle

Real Power (KW)

) A
Reactve
Power Factor = Cos O B Power
. ﬁ Apparent (KVAR)

C Power (KVA)
Apparent Power C = VAL + B

Fig.1 Power Factor Triangle

E. Non-Linear Load Power Factor

In present scenario electrical power utility
companies have been increased a quantity and magnitude
of nonlinear loads being linked to their power systems.
Loads such as induction motor, microprocessor-driven
equipment, fluorescent lights, power supplies and variable
speed drives are well dispersed to cause a major negative
impact on the power system. This paper deal about
the concept of nonlinear load. Subsequently, non linear
load power factor is discussed with practical example.
In AC power distribution systems, harmonics occur during
the normal electric current waveform is unclear by non-
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linear loads. Most loads in modern electrical distribution
systems are inductive. Examples include transformers,
motors and induction furnaces. The induction motor may
operate at a lagging power factor. This power factor
value may vary between 85 to 90 percentage of the load.
Due to the of air- gap between the stator and rotor of
an induction motor increases the reluctance of the
magnetic circuit, so induction motor draws a large
magnetizing current to produce the required flux in the
air-gap. The power factor of the electrical power
system is represented by the equation:

Power factor=cos® (1)
The power factor can also be calculated by using
activepower and apparent power of the system. When
the load consumes low delivered power as a working
power and reactive power, causes the power factor get
reduced. The reactive component of the power generated
should be reduced to achieve the good efficiency. The
displacement angle of the voltage and current should be
maintain inorder to maintain the power factor or else
reactive component in the total power get increases.

Power factor maintenance is a technique which
involvein the concept of controlling the power factor of
theload. Therequirement of Power factor modification
isnecessary for an electrical power transmission utility
to improve the constancy and efficiency of the
transmission network or correction may beinstalled by
individual electrical customersto reducethe cost charges
to them by their electricity suppliers[7]. Power factor
maintenance is also reducing the penaty cost to
the customers. Autotransformeris used as a inductive
load for varying the power factor.
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Fig. 2 Phasor diagram for resistive load
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Fig. 3 Phasor diagram for inductive load
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Fig. 4 Phasor diagram for capacitive load

3. EXISTING SYSTEM

Easily installable and greatly reliable data communi-
cations over power lineis arequirement to make Smart
Grid more convenient and helpful than fixed grid sys-
tems. Therefore RFID (Radio-Fregquency I dentification)
over Power Linetechnology be devel oped. Unlike con-
ventional RFID carrying datawirelessly by antenna, ra-
dio-frequency signalsfor identification and payment runs
from side to side the power linein Smart Grid. The ap-
pliances embedded with | C card chips are detected and
recognized when their electrical plug connectorsarein-
sert into the outlets in the electrical grid equipped by
reader/writers. This system has the potential to revolu-
tionizethe practice of Power Line Communicationswith
applications such as automatic detection, power control,
and payment/ticketing dl theway through the power lines.

RFID over Power Lineisthe applied technology of
usual RFID, NFC (Near Field Communication), or
contactless IC card. It is aso Power Line Communica
tion transfer high frequency signals of RFID over power
lineto detect applianceswhich are connected to the elec-
trical grid and to pick up their encrypted data.An RFID
tag chip or contactless IC card chip is embedded in an
appliance and is connected to the power line. It holds
written data and thus holds identity information. The
RFID tag chip or contactless IC card chip isread by a
reader/writer connected to the power linein Smart Grid.
The reader/writer transmits scanned signals into the
power line, and scans an area of Smart Grid
continuously.When the plug (connector) of the appliance
isinserted to the electrical outlet (i.e. when the appli-
ancejoins Smart Grid), the|C chip isactivated by elec-
tromagnetic waves transferred from the reader/writer,
and the high-speed data transmission isinduced. It can
provide secure and convenient prepayment of electric-
ity and other utilities.

The existing block diagram which uses the principle
of power linecarrier technology for dectricity billingand
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recharge for making the system to be smart.Existing
system can be extended for power factor detection cir-
cuit in the previous work.Further the system is applied
for the new concept of power factor correction and com-
pensation purpose.

Fig.5 Block diagramfor existing system

4. PROPOSED SYSTEM
4.1 Proposed System Block Diagram

CA®ACITOR BANK

Fig.5 Block diagram for proposed system
4.2 Performance of the Proposed System

This proposed system is separated into two parts:
consumer and supplier. The consumer side consists of a
energy meter, logic circuit, an RFID reader base on a
microcontroller, and the supplier consists of a PC with

data base of consumers. Credit id which is read by RFID
reader is verified by the supplier and sent to the
consumers from which microcontroller take action
based on that information. The microcontroller manages
all the system work in the consumers. The ID and its
information can be transmitted among each
consumers and the supplier through Power Line
Communication(PLC) and also this proposed system
perform the operation based on the signals are obtained
from instrument transformers like potential and current
transformers. The square waveformis converted into
compatible waveform with the help of suitable logic
circuit. The Counter is located in the microcontroller and
converted wave form is fed into the counter. The
counted pulses are distorted into corresponding value of
phase angle

@.Relay mainly performs the opening and closing of a
connection of load from side to side supply mains
depending upon the amount present in the RFID card
and the presence of non-linear load (inductive load)
at a moment.

4.3 Experimental Setup

Energy Meter will be generally used to show
the electrical pulses proportional to the power consumed
by the consumer. Microcontroller obtains the details of
energy consumed by the consumer through the output
of Energy Meter and act according to the programs full
on the microcontroller. RFID Card interfaces with the
microcontroller unit in which the amount recharged by
the customer are written. When the amount is reduced
below 10 percentage, the alarm circuit will get on. Relay
primarily performs the operation that connecting and
disconnecting the load through supply mains depending
upon the account balance present in the smart card at a
moment whenever the non-linear load is come into play.
The voltage and current magnitude are given as data
into the microcontroller inorder to find the phase angle
difference between the voltage and current. The cosine
of the phase angle difference between the voltage and
current is known as displacement factor. According to
the displacement factor the relay will connect or
disconnect the non-linear load. The signal on or after
microcontroller (either 0 or 1) is used to operate the relay.
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4.4 Hardware Snapshot

Consumer Side

4.5 Features of Proposed System

e Remotely Connect / Disconnection of Power
supply from side to side PLC. Automation of all
features including  communication from the sub -
station to the customer.

e Itinvolve less cost to communicate. PLC is a quick
reaction. Once the power line is connected,
identification and transaction can be done within

e 0.1 second. This system increases productivity.

e The power factor maintenance is used to increase
the stability of power system.

4. CONCLUSION

In this modern era various technologies were
availableall over theworldfor calculating and collecting
the electricity billing process in India appears to have
become very absolute and is still lagging behind and is
unableto meet the latest available technology. However
in this project above mentioned process is completely
automated and the communication is entirely made
possible through the power line communication. The
communication between the transmitter and receiver is
bi-directional and dataratewill befast for long distance.
Whenthe systemisuser friendly it will be more beneficial
tothe customers. The EB billing procedure hasthe ability
of fulfilling a set of needs for the user and the EB
workers. This proposed power factor detection and
maintanance circuit experimentally tested with auto
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transformer. Electric energy is very much essential
to our daily life. It isused in Industry applications. The
power factor adjustment is primarily used to maintain
the stability of the power system.
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Abstract

In linkage based locomotive systems, Theo Jansen mechanism is gaining extensive attractiveness among
the designers of legged robotics. Its major attractiveness includes scalable design, energy efficiency, low
payload-to-machine-load ratio, deterministic foot trajectory and bio inspired locomotion. For few effortless
applications, like climbing tiny uneven rock piles, conventional wheel models are preferably used. For complex
applications such as sudden instantaneous elevation changes like stairs, use of wheel will not provide desired
result. As a replacement for the conventional tyres, Theo- Jansen Mechanism (Strandbeest) that overcomes
the drawbacks of tyres is comparatively appreciable. The mechanism converts a rotation movement into walking
pattern. It has a smooth walking pattern and easy controlling on any given uneven terrain. The main
intention of our work is to propose an idea for replacing the conventional wheels with a walking leg mechanism.
This paper deals with the design and fabrication of a walking four- legged robot which is based on Theo

Jansen mechanism.

Keywords: All terrain motion, Theo Jansen Mechanism, Walking robot

1. INTRODUCTION

In this technologically advancing world, for
sophisticated jobs in challenging environment robots are
deployed to do the tasks as per the instruction given to
it. In recent days employing robots are increasing in almost
all fields such as military, rescue, space exploration,
medical, industrial sector, agricultural sector etc.,
Basically, a robot consists of following parts sensors,
controllers and mechanisms. The mechanisms include
parts such as arm, joints, end effectors, legs (mostly
wheels) etc., Kinematics of the mechanisms permits
robot to perform desired job by allowing relative motion
between the links at pre-determined angle and distance.
The robots are machines that functions autonomously
with certain Artificial Intelligence (Al). In most of the
applications, robots are moving from one place to another
to complete the given task. The operating surface may
be flat or with lot of obstacles i.e. uneven surfaces. For
example, consider a military robot or rescue robot. It
will be deployed at all terrain, where the surface is
inclined with loose soils and rocks. Most of the robots
are moved using the wheels mounted to its base.
Controlling the wheel kind of mechanisms (rolling) is
easier than other mechanisms such as leg based
mechanisms. With the wheels dominating the robots,
engineers and innovators trying better replacement for

wheels which would work in any kind of an environment.
Adding legs to robots might be a solution for robots which
runs on unprepared terrain.

Legs resemble humans or animals but making legs
for robot is a quite challenging task. Extensive research
is going on to develop legs, so that the robot can be move
with controlled rate and stable in both static and dynamic
conditions. The advantages of legged robot over wheeled
robot are (i) legged robots or vehicles can navigate on
any kind of surfaces which is inaccessible for robots
with wheels, (i) wheels are designed to work on prepared
surfaces like smooth surfaces, roads, rails, etc., (iii) legged
robots can jump or step over obstacles whereas wheels
need to somehow travel over it, or take a different path,
(iv) wheels require a continuous path to travel whereas
legs can step over isolated paths and move on. For
example, if a particular city is hit by an earthquake, then
the surface with the obstacles of continuous path. This
is where legged robots come into picture, although
tracked wheels can manage up to a “certain” extent, (v)
legged robots can avoid undesirable footholds which
cannot be avoided in a wheeled robot.

There are different kind of legged robots in use based
on the number of legs. One- legged robot is the minimum
number of legs for a robot to have a ground contact is
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one. Two legged robot (Biped) is the beginning of building
robots, studies on biped robots (robots with two legs)
have been continuously carried out, especially towards
developing humanoids. Biped Robot Creating a robot
which resembles a human would mean that they can be
used in the same human working environment without
making any changes. This means they are built to imitate
humans and human behaviour. Three legged robots
(Tripod) are statically stable since there are three contact
points to ground. Strider - Three legged Robot for a robot
to be statically stable, it requires a minimum of three
contact points to ground. Four legged robot (Tetrapod)
walking with four legs is common for most animals and
there is a good reason to replicate this in robots. Four
legged robots are statically stable and the walking pattern
of a four legged robot can be designed in different ways:
one leg at a time or alternating Pair. In this approach,
alternate legs are moved as if two biped robots are
connected together. Six legged robots having more
number of legs provides greater stability. Hexapods
(robots with 6 legs) possess greater static stability while
moving and standing. These robots are also biologically
inspired as there are many insects with 6 legs.

2. LITERATURE SURVEY

In linkage based locomotive systems, Klann
mechanism that actually mimics the motion of the
biological organism is used as replacement for the
conventional tyre mechanism. But due to its few
drawbacks being jerky motion and difficulty in vehicle
turning, Theo-Jansen mechanism (Strandbeest) which
had a smooth walking pattern on any uneven terrain and
could easily function as per requirements is selected [1].
The free fall model of walking mechanism is designed
and realize the position control based on the LYAPUNOV
stability theory. [2]

Klann and Theo Jansen mechanisms are used
for legged robots. Though Klann mechanism has less
number of links than Jansen mechanism, Klann
mechanism has very high step height in compare with
Jansen’s. In terms of stability Jansen mechanism has
more stable than the Klann due to its nominal step height.

(3]

Theo Jansen mechanism is chosen for walking
patterns. In order to walk in a road with bumps such as
ups and downs, the mechanism should have a capability
to change the elliptic leg orbit depending on surface
conditions. An additional cyclic motion of the linkage
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centre is added in the Theo Jansen mechanism which
is never going to move in the original system but for
preventing rising instability, alters the original walking
pattern into orbits systematically with various functional
aspects. Modelling and analysis of four legged Theo
Jansen walking machine driven by only one input using
projection method. [4]

Though Theo Jansen mechanism is a simple in
structure, the main absence in the mechanism when
compared to human leg is muscles. Electrolytic polymer
can occupy the importance of muscles in the mechanism.
It acts as the artificial muscles. Mowgli which is a frog
like robot developed in Japan has six pneumatic muscles.
It has touch sensors on its feet, potentiometers at each
joint and a pressure sensor on each muscle. Artificial
muscles are probably the future in robotics and also it is
very much useful in legged robots to compete the wheeled
ones. [5]

Based on the work of Theo Jansen, the design of a
crank-based leg linkage was fabricated and simulated in
Mathematica that includes both the analysis of foot path
and centre of mass. The comparison results discussed
that though the new proposed design is more flatter and
with more constant velocity when it is in contact with
the ground, but its step height is about 33% less than the
Theo Jansen mechanism. [6]

The linkage configuration of the walking mechanism
is essential for obtaining a stable motion. Computer aided
design process will be very much helpful for the designer
to complete the model with fewer errors in short span of
time. The shapes of trajectory described by the feet
during walking phase and the optimal leg configuration
in order to walk smooth and stable. [7]

The dynamic analysis is done for the optimization of
Theo Jansen mechanism using the superposition method
was conducted [6], but this work is incomplete, without
details on the analysis and discussions of equivalent
Lagrange’s equation. In fact, the complete dynamic
analysis involving constraint forces and equivalent
Lagrange’s equation of motion is necessary for any
meaningful extension and/or optimization of legged
systems based on Theo Jansen mechanisms. [8]

Additionally Theo Jansen mechanism can walks well
in even surfaces but Klann mechanism is less stable in
even surfaces. Reducing the number of actuators and
driving sources in the legged robots will results in lighter
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structure and simpler control. Six legged robots with a
six-bar watt’s chain forms the kinematic chain for the
legs and is actuated by a cam mechanism and transmission
bar and controlled by the PLC [9]. A new model of
walking machine which is entirely different from Theo
Jansen walking machine. The model is created by
connecting a pantograph with four bar linkage using a
common link between them. [10]

3. PROBLEM IDENTFICATION

In many locomotives, the vehicles are designed up to
the certain environment lands, but in some important
applications like defence, spying the robot should be
capable of move in any terrain.so, the main problem
identified and solved in this paper is all terrain motion.
In general robot are equipped with wheels for the motion.
But in certain lands the wheel becomes wear and lead
to slippery in motion.so the tire slippery is one more
problem and solved by this model.

Most of the wheeled robots can only be turned in the
radius of turning, if the path doesn’t have much space it
could not turn. But legged robots can easily turn in the
constraint path by disable the inner side leg of the robot.

4. OBECTIVES OF THE PROJECT

Higher energy efficiency

Greater mobility

Improved isolation from terrain inconsistencies
Less environmental damage (both from paving and
erosion)

Ability to avoid obstacles by stepping over them
Statically stable during entire locomotive cycle
Durable joints/hinges/moving parts

Inexpensive materials

5. PRINCIPLE OPERATION OF THEO JANSEN
MECHANISM

The principle operation of this mechanism is
converting the rotational motion into the walking pattern.
This conversion is done by the two four bar mechanisms
and one parallel bar mechanism which are integrated in
the Theo Jansen mechanism as shown in the figure 1.
The two four mechanisms are linked by a common link
which acts as a crank for the input rotational motion.
The two four bar mechanism and the parallel bar
mechanism are coupled by the coupler link. The desired
walking pattern is obtained as the output from the output

coupler link which is attached to both the parallel bar
mechanism and the lower four bar mechanism. As the
crank turns, the foot traces out a cyclical path relative to
the body of the walker; this path is known as the locus.

In this paper the chassis for the robot is designed as
a symmetric component and two legs are assembled in
each side of the robot which is also symmetric about the
chassis. The crank link of the two legs in one side of the
robot is hinged into a common pivot and connected to
the centre axle of the robot. The two ends of the axle
shaft are provided with eccentric type circular crank.
The axle shaft is driven by the DC geared motor.

LR
UFPER - BAR WOOHANTSM

PARALLEL WAL CHAMTIN

(LOWER 4 BAR METHANISM

OUTRFUT COUrLIR

Fig.1 Mechanisms incorporated in Theo Jansen mechanism

6. CALCULATION OF THE PROJECT

The main calculation done for this model is scale
reduction of the links from the dimensions given by Theo
Jansen. The original dimensions are shown in Figure 2
and the scaled dimensions are shown in Figure 3.

a=2232
b= 166
¢c= 1604
d=157.6
e= 1572
f= 1468
g=2628
h=196
I=247.6
j =200
k=31.2
1=152
m = 60

Fig.2 Dimensions mentioned in the reference
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a=38.
b=41.
c=39.
d=40.
e=55.
=39,
g=36.
h=65.
1=49.
j=50.
k=61.
1= 7.
m=15.

QRO VWOONNNhLOHWWOMD

Fig. 3 Dimensions after scale reduction
All dimensionsarein mm.

7. DESIGN OF THE ROBOT

The dimensions of the leg links shown in the Figure 3
was modelled in the Dassault systems Solid Works 2016.
The dimensions of the chassis are found from the offset
required for the mechanism and the chassis is a
symmetric part by which four legs are assembled in the
symmetric way.

Assem |

Fig. 4 Drafted view of theleg

Fig. 5 Dimensions of the chassis
IJEST Vol.11 No.1 January - June 2017

Fig.6 3D assembly view of single leg

Fig.7 3D assembly view of the robot

8. CALCULATION OF THE ROBOT
MOVEMENT

It is based on the Rotational speed of Motor that is
givenasaninput crank Rotation. Themotor driveisgiven
to the centre axle through small spur gears. Number of
teeth in the gear mounted on the motor shaft (Z1) = 24
Number of teeth in the gear mounted on the centre axle
(Z22) = 50.

The motor speed (N1) =60rpm
N1 Z3z
N2 Zy
N, =29rpm

When crank rotates 29 rotations per minute, the
corresponding length of movement of the Robot is 29
times of the stride length.
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Stride length 679

Step height 224

Stide Langth

Linear speed of robot = (rotational speed) (stridelength)
=(29) (67.9)
=1969.1 mm/min
Linear speed of robot =1.969 m/min
Actual Linear speed of robot = (75-80) % of Theoretical
Speed of the Robot (approx. = 1.47 m/min)

9. FABRICATION OF THE MODEL

The whole robot is fabricated in the acrylic material.
Links and chassis are made in 5mm thickness acrylic
sheet. By designing the linkages in the solid works it
was drafted to the scale of 1:1 in the drawing sheet. The
drawing sheet is pasted on the 5mm acrylic sheet and
cut down the linkages as mentioned in the drawing sheet
using table jig saw machine.

After cutting the outer profiles of the links the pivot
points are drilled to 3 mm diameter. Then the links are
assembled to make a complete leg. For making the joints
between the links custom aluminium pins are used.

Likewise the chassis was also made in the acrylic
sheet in the dimensions shown in the figure [5]. The
centre axle in the robot is made up of 6mm screw rod.

Two discs made up of wood in which the eccentric
holes are provided. This disc acts as an eccentric crank
for the leg motion.

Small plastic spur gears are used between the motor
and the centre axle shaft. The four legs are individually
made as mentioned in the previous process and
assembled in the chassis. The crank link of the legs are
connected to the eccentrically drilled disc which is
mounted at the ends of the centre axle shaft.

10. FUTURE SCOPE OF THE PROJECT

e By replacing the acrylic sheet by light weight metal
accuracy of the robot can be increased.

e By manufacturing the robot in large scale we can
use it for the defense application.

e By using micro controllers for control it can be used
for many industrial applications.

11.COST OF THE MODEL

The cost for making this prototype is tabulated in the
table 1.

Table1 Cost of theM odel
. PART : . | PRICE/piece
SLNO NAME MATERIAL QUANTITY (Rsl)J PRICE(Rs.)
1 |Legs Acrylic (37x57) 4 150 600
2 |Chassis Actylic (67 x 87) 200 2800
3  |Motor D¢ motor 1 230 230
4 [Wires Cooper 4dm 15 60
5 [Rivets Aluminum 25 2 30
Total 1760
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Fig.8 Fabricated model in acrylic material

12. CONCLUSION

In the present work, a legged mechanism is used for
a robot. The mechanism is replica of Theo Jansen
mechanism. This mechanism finds a numerous
application in robotic fields. Theo Jansen walking robot
has been developed for the use of robots in different
terrain where robots with wheels cannot able to find its
application. This mechanism is more suitable for robot
because it does not contain any complex structure and
cost for manufacturing is also low. The mechanism has
been tested in different terrains. The stability of robot is
acceptable, with varying speed. The performance of the
legged mechanism of robot is tested in inclined surface
and uneven surfaces. The legged mechanism is to be
improved for moving the robot at different directions.
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Abstract

The use of power electronic devices in industry and domestic applications such as adjustable speed
drives, inverters, furnaces, computer applications and other electronics devices let to the injection of harmonics
and reactive power in the power system. So harmonic filter is important one for filtering harmonics in the
power system. The shunt active and shunt passive filter is designed for compensating 5th and 7th
harmonics. Hybrid filter performance was verified through MATLAB/SIMULINK where the source voltage
having 3rd harmonic component. Thus the hybrid filter provides an effective harmonic compensation and
reactive power compensation.

Keywords: Hybrid power filter, Nonideal mainsvoltage

1. INTRODUCTION Many control strategies, starting from
instantaneous reactive power compensation, evolved
The power electronic devices are used for ac power since the inception of shunt active filters. One of the
control in the power system. The harmonics injection control strategy based on DC link voltage wasdiscussed
and reactive power cause disturbance to the customer [4] [5]. In this method the shunt active filter is to
and interference in the communication line with low compensate the load side harmonicsand reactive power,
system efficiency and poor power factor. Many thereby making the load linear. Therefore the supply
researchers have provided solutions for harmonic and side distortions are imposed on the line current. Even
reactive power compensation [1] and they imposed though thismethod meetsthereactive power requirement
specific limitations of current harmonics and voltage of theload when the supply voltage distortion occur
notches. Passive filter is used for eliminating lower and the same areimposed on theline current also, where
order harmonics and capacitors used for compensating the line current still remains non-sinusoidal even after
reactive power demand in the system. They have some compensation.
drawback such as fixed compensation and resonance
problems. Then the fundamental frequency reactive In this paper the instantaneous reactive power
power may affect the system voltage regulation. Here a gorithm has been used for shunt activefilter with some
the increased harmonic pollution leads to the modification that can effectively compensates the
development of active filters. The active filter rating harmonics caused by source side distortion also. This
depends on harmonics and reactive power to be proposed method overcomes this drawback by
compensated. Generally active filters required high preprocessing supply voltage using park’s transformation
current rating and higher bandwidth requirement that do for that we are using only the fundamental positive
not constitute cost effective solution for harmonic sequence component of source voltage for reference
mitigation. current calculation. Control block diagram and
operational principles are discussed below. This
Hybrid filter with series combination of shunt active proposed method can effectively compensate the
and shunt passive filter can overcome the demerits of harmonics and reactive power even when the source
active and passive filter [2]. The hybrid topology with voltageis unbalanced.
series combination of active and passive filter reduces
the rating of active filter, improves the filtering 2. CONTROL STRATEGY
characteristic of passive filter and greatly reducesthe
precisetuning of passivefilter. It suppliesreactive power Most of the active filters are designed based on the
as per demand and maintains voltage regulation. instantaneous reactive power algorithm. The

instantaneous reactive power a gorithmisderived based
71 IJEST Vol.11 No.1 January - June 2017
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on the dgO transformation, where they can calculate the
current compensation based on a two-axis system [6].
In this method, the voltage and load current were first
transformed into two-axis representation. The
instantaneous real and instantaneous reactive power
consumed by the loads was calculated based on this
representation system. After compensation, the post
compensated current in the two-axis system was
required to inversely transform back to thethreephase
system from the grid; from this the reference signal s of
compensation current can be obtained.

Iz = I, sin( wt)
Iy =I5 sin(wt — 120 °)
I =1, sin(wt — 240 °)

The control strategy proposed hereisfor making the
compensated line current to be sinusoidal and balanced.
Therefore the objective includes a sinusoidal reference
current cal culation and the current control techniquefor
generation of switching pulsestotheV Sl for asinusoidal
and balanced line current. Where  isthe amplitude of
the desired line current, the phase and frequency of the
line current are obtained from the supply voltage. The
magnitude of referenceline current can get by regulating
the DC bus voltage of VSI. The DC-link capacitance of
VSl isused as an energy storage element in the system.
For alossless active filter in the steady state, the real
power supply fromthe supply should be equal to thereal
load demanded, and no morereal power passesthrough
the power converter into the capacitor. Therefore the
averaged dc- capacitor voltage can be maintained at the
referencevoltagelevel. For a balanced line current under
unbalanced source voltage the proposed method to
use one phase of source voltage as phase reference
and 120 shifter. By this method the harmonics present
in the source voltage arereflected in the reference line
current. Therefore, a modified algorithm, by
preprocessing the source voltage template is proposed
to make the compensated the line current sinusoidal.

The source voltages are transformed into d-q
reference frame using park’s transformation. After
transformation nth order positive sequence component
becomes (n-1)th order component becomes (n-1)th order
component and nth order component becomes (n+1)th
order component in d-q reference frame. The
fundamental component of source voltage becomes a
dc component in d-q reference frame which should be

IJEST Vol.11 No.1 January - June 2017

filtered out using alow-passfilter. Thisfiltered dc value
after counter transformation into 3-phase component can
be used for unit templates for reference current
calculation. Thusthismodification filters out the effect
of source sidedistortion in the line current.

In order to drive the line currents to trace the
reference currents an effective current control technique
has to be used for generating the switching pulses of
the VSI. Hysteresis control is implemented here for
thispurpose. In thiscontrol line currents are sensed and
compared with the reference currents. The error in
each phase is sent to the hysteresis control, Where
in aswitching pulseis generated to the upper switch of
the VSI, if this error s less than the lower hysteresis
band and a switching pulse is generated to the lower
switch of the VSI if the error is found more than the
upper hysteresis band.

Ia
CURRENT
DETECTOR

CURRENT
DETECTOR

HYSTIRSIS
CONTROLLIR

Fig.1 Block diagram for control strategy

3.PROPOSED METHOD
THREE PRASE NONLINEAR
SOURCE L0AD
) SHINT ACTIVE
SHUNT PASSIVE
FILTER FLTER

Fig.2 Block diagramfor series combination of shunt
active and passive filters

The Figure 2 represents three-phase source and
non-linear load. Where the shunt passivefilter and shunt
activefilter are connected in serieswith theline. Passive
filter provides cost effective mitigation for harmonicsand
reactive power from supply. Activefilter can effectively
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compensate the harmonics and can meet the reactive
power demand. The hybrid filter with series combination
of active filter and passive filter reduces the rating of
active filter, which also improves the filtering
characteristics and reducesthe precise tuning of passive
filter.
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Fig.3 Block diagram for controller

TheFigure 3 representsthe controller block diagram.
Where three phase supply from the grid and they are
converted into dg0 transformation. By eliminating the

Oth term we get dqg alone, setting dq reference value : ,
by comparing the actual value and reference value we ! . i } l ’ |4
get dq error value.PID controller output depends onthe ' ‘ ' ‘ | . ‘
erroneous value. Then converting dqO to abc valuethey L] 'i"} Wi LI [ )
aregiven asinput to the pul se generator, by varying the L S ‘__‘,_L_,._ul_.f’;w_' $ II"I.;[M [f'] | f{-.'
amplitude can generate six pulse and given as input to If']“|",:' 1..;.i\| M 'M;
the three-phase inverter. IR \l! ' |‘ I
4. SSIMULATION RESULTS . - . ( ] l “ ', ” ’ .\<
| ’ | |

Fig.4 simulation result for series combination of hybrid filter

Table1 TDD Valuesfor Various Parameters

Reactive Filter Filter
Power | Inductance |Capacitance
(KVAR) | (mH) (uF)
Sth harmonics 03 40 10
(@=40)
7 bamonies | g5 204 10
{Q=40)
llth harmonics | 412 0
(Q=30)
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FFT analyss

Fundamental (50Hz) = 5.948 A THD= 21.91%

15

10t

Mag (% of Fundamental)

0 5 10 15 20
Harmonic order

Fig.5 FFT analysisfor hybrid filter in series combination

Theactivefilter parametersare Lc=3.35mH, Rc=0.4
Ohms, DC-link capacitance CDC= 2200uF, DC-link
reference voltage Vdc,ref= 400Volts for series Hybrid
filter topology. Figl.3 shows the simulation results for
series combination of passive and active filter. The
source voltage (V) is havingaTHD of 12.21%, and
the load current (Iload) having a THD of 21.91%. The
linecurrent(ls) after compensationishaving 7.33%. The
peak value of supply current isfound lessthan the peak
value of load current that shows the supply current is
carrying only the active component of load current and
active component of compensating current. The DC-
link voltage of the V Sl is maintained at 400Volts.

To drive the line currents to trace the reference
currents an effective current control technique has
to be used for generating the switching pulsesfor

Table2 PassiveFilter Parameters

Source Load Line it
Vol tage Current | Curren Current (L)
(Vs) (Lioad) t (Ili:g}
Senes
Combination 23235 30.65 21 91 2518
of Hybnd Filter

the VSI. Hysteresis control is implemented for this
purpose. In this control the line current are compared
and sensed with the reference current. Therefore this
modification filtersout the effect of source sidedistortions
inthelinecurrent.

The topology of hybrid filters are simulated using
MATLAB/SIMULINK and the results are compared
under non-ideal supply voltage with a 0.1pu 3rdm
harmonic negative sequence component in the source
voltage. Thermsvalue of the fundamental component is
230Volts. The various design values of passivefilter are
shownin Table2.

5. CONCLUSION

Theresults show the use of hybrid filter topology for
harmonic and reactive power compensation. However,
hybrid filter topol ogy with a series combination of active
and passive filters is installed in place of an aready
existing passivefilter, to make efficient. The passivefilter
performance might have affected due to changes in
the system parameters. Thistopology helpsinimproving
the performance of passivefilter and the activefilter can

IJEST Vol.11 No.1 January - June 2017

be used at alower rating. In this paper, anew algorithm
has been proposed to improve the active filter
performance under nonideal main voltages. The
performance of control strategy used hereissimpleand
effectively compensates the load generated harmonics
and nullifies the effect of source voltage harmonicsin
theline.

REFERENCES

[1] Bhim Singh, Kamal Al-Haddad and Ambrish
Chandra, “A Review of Active Filters for Power
Quality Improvement”, IEEE, Vol.46, No.5,
Oct.1999.

[2] Bhim Singh and Vishal Verma, “An Indirect Current
Control of Hybrid Power Filter for Varying Loads”,
|EEE Vol.21, No.1, Jan.2006.

[3] Adil M. Al-Zamil and David A. Torrey, “A Passive
Series, Active Shunt Filter for High Freedom”, in
Modern Mechanical Engineering, 2011, Vol.1, pp.47-
55.



Indian Journal of Engineering, Science, and Technology (IJEST)
(ISSN: 0973-6255)
(A half-yearly refereed research journal)

Information for Authors

1. All papers should be addressed to The Editor-in-Chief, Indian Journal of Engineering, Science,
and Technology (IJEST), Bannari Amman Institute of Technology, Sathyamangalam - 638 401,
Erode District, Tamil Nadu, India,

2. Two copies of manuscript along with soft copy are to be sent.

3. A CD-ROM containing the text, figures and tables should separately be sent along with the hard
copies.

4, Submission of a manuscript implies that : (i) The work described has not been published before;
(ii) It is not under consideration for publication elsewhere.

5. Manuscript will be reviewed by experts in the corresponding research area, and their
recommendations will be communicated to the authors.

Guidelines for submission
Manuscript Formats

The manuscript should be about 8 pages in length, typed in double space with Times New Roman
font, size 12, Double column on A4 size paper with one inch margin on all sides and should include
75-200 words abstract, 5-10 relevant key words, and a short (50-100 words) biography
statement. The pages should be consecutively numbered, starting with the title page and through
the text, references, tables, figure and legends. The title should be brief, specific and amenable to
indexing. The article should include an abstract, introduction, body of paper containing headings,
sub-headings, illustrations and conclusions.

References

A numbered list of references must be provided at the end of the paper. The list should be arranged
in the order of citation in text, not in alphabetical order. List only one reference per reference
number. Each reference number should be enclosed by square brackets.

In text, citations of references may be given simply as “[1]”. Similarly, it is not necessary to
mention the authors of a reference unless the mention is relevant to the text.

Example

[1] M.Demic, “"Optimization of Characteristics of the Elasto-Damping Elements of Cars from the
Aspect of Comfort and Handling”, International Journal of Vehicle Design, Vol.13, No.1, 1992,
pPp. 29-46.

[2] S.A.Austin, “The Vibration Damping Effect of an Electro-Rheclogical Fluid”, ASME Journal of
Vibration and Acoustics, Vol.115, No.1, 1993, pp. 136-140.

SUBSCRIPTION

The annual subscription for IJEST is Rs.600/- which includes postal charges. To subscribe for IJEST
a Demand Draft may be sent in favour of IJEST, payable at Sathyamangalam and addressed to
IJEST. Subscription order form can be downloaded from the following link http:// www.bitsathy.
ac.in./ ijest.html.

For subscription / further details please contact:

I1JEST
Bannari Amman Institute of Technology
Sathyamangalam - 638 401, Erode District, Tamil Nadu Ph: 04295 - 226340 - 44
Fax; 04295 - 226666 E-mail: ijest@bitsathy.ac.in Web:www.bitsathy.ac.in



Indian Journal of Engineering, Science, and Technology

Volume 11, Number 1, January - June 2017
CONTENTS

Optimization of Mechanical Property of Automobile Components through Implementation of Super 01
hydrophobic Nano Colloid by Surface Finishing
A. Dineshkumar, S. Vasanthaseelan, S.Dineshkumar, R. Elavarsan, G. Vijay and K. Kavin Surya

Modeling and Simulation of A Conventional Powertrain Using Matlab/Simulink 07
T.Mahendran, J.Aiay Vishwas Anto, A. Kavidevan, K.C.Vetriselvan, K.Kirupa Shankar

Optimization of Leaf Spring Production Rate through Automated GANTARY Robot System with 12
the Aid of PLC
S. Vasanthaseelan, E.K. Aswin, R. Harish, R. Mohanraj and N. Sakthivel

Development of Green Sense Ferro Geopolymer Technique for the Construction of the Chaise Lounge 15
K. Siddharth, P.T. Ayswariya Lakshmi, Dr. V. Sreevidya

Influences of Tool Pin Profile on Tensile Strength of Friction Stir Welded Aa7075 and 22
Aa6061 Aluminium Alloy Dissimilar Joint
K.P. Yuvaraj, P. Ashoka Varthanan, M. Navin Kumar and B. Gunanidhi

Patch Antenna Array for Medical Applications 28
S.Priyanka Gandhi and P.T.Bhuvana

Highly Efficient Linear Power Amplifier for QPSK Amplification 32
S. Thulasi and V. Ezhilya

Experimental Investigation and Optimization of Process Parameters in WEDM on Machining of 39
H13 Steel Using Response Surface Methodology
R. Arunbharathi, P. Ashoka Varthanan, M. Akilesh, R. Abinash Raju and G.B. Aravind Kumar

Autodietary: A Smartphone Application for Food Recognition and Calories Estimation 49
V. Devisurya and Dr. S. Rathi

Performance Analysis of a Dynamic Weighing System in Labview 54
V. Prabhu and 5. Kiruthika

Power Factor Improvement in Consumer Side Through Power Line Carrier Using 58
RFID Technology-Smart Grid
B.Rajesh Kumar and P.Ranjani

Design and Fabrication of Waking Leg Module Using Theo Jansen Mechanism as an Alternate for 65
Conventional Tyres
K.Ponraj, D.Mytheeshwaran, R.5.Mohan Kumar and K.Vijayanand

Series Combination of Hybrid Filter With Distorted Source Voltage il
J1.Privanka Devi and A. Saranya



	IJEST Front Vol.11, No.1.psd.pdf
	IJEST inner page 1 final Vol 11.No.1.psd.pdf
	IJEST Final PDF 02.08.2017.pdf
	IJEST inner page 2 final Vol 11.No.1.psd.pdf
	IJEST Backpg Vol.11 No.1.psd.pdf

