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Abstract

This research presents the laboratory outcomes in
which the influence of pongamia oil, a locally
available non-edible oil as rejuvenator on the
performance of hot mix asphalt containing
reclaimed asphalt pavement was assessed. A

research study has been taken up in three stages to
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Abstract

India is the second most sugarcane producer in the
world and generates 10 million tons of bagasse ash
every year. Bagasse ash is generally spread as
fertilizer in the field. It is the most frequent method
of disposing of bagasse ash. However, it contains

heavy metals which may lead to adverse effect on

the yielding of the crop. Hence, some scholars
recommend not using bagasse ash as fertilizer. . g M
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been significantly used as a fine aggregate in o “:; KL

concrete. As a fine aggregate bagasse ash also has

the potential to be an alternative filling material.
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Abstract
red mud are
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released from the bauxite calcination met
red mud through geopolymerization and itsreaction wit
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Abstract Geosynthetics clay liner system is a key component of the engineered

landfill. Both the internal and interface strengths of geosynthetics clay liner are very
important for evaluating landfill stability. This paper presents a study on interface
shear strength behaviour between geosynthetics clay liner and sand, and geosyn-
thetics clay liner and Powai soil making use of a direct shear test. The experiments
were carried out using dry state and submerged state of sand, and optimum mo1s-
ture content and submerged condition of Powai soil. The interface shear strc.:ngtp
line m;l,sft.tld..amﬂ,gqgswﬂlﬁi?.s_@f iner_and Powal soil

f gcosynthetics, cla

.'&\"" 1’_ ?““ ’ ° SpOTIang jotd LN 5 hY Cl U Ol
apparent adhesion was increased, and interface friction angle was reduced during
submerged condition.

Keywords Geosynthetics clay liner - Interface shear strength + Direct shear test

1 Introduction

Liner system is one of the most essential parts of the engineered landfill. The liner
served as a hydraulic barrier to entrap the leachate within the landfill, with an aim to
save groundwater from being polluted [1, 2]. Geosynthetics clay liners (GCLs) are
one of the most prominent products in modern era (o serve as liner, which is made
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Abstract:

The trustworthiness of Secondary Users (SUs) can be measured
through its past and present trust values with sensing reputations
given by the neighboring nodes in Cognitive Radio Network (CRN).
Basing on these values, it is cleared that whether the SUs can be
utilized the free channels of Primary Users (PUs) or not. In this paper,
it has been proposed a model to analyze the trustworthiness of
Secondary Users (SUs) in Cognitive Radio Network (CRN) with the help
of Machine Learning (ML) approaches. It is desired to achieve more
accuracy on the predicted data in the process of calculating
trustworthiness and spectrum sensing reputation of SUs in Cognitive
Radio Network (CRN). It has been also helped to sense the correct
number of malicious users, suspicious users and honest users among
the total number of SUs. For the simulation work WEKA software has
been used, which is a collection of machine learning algorithms for
data mining task. Three different types of classifiers of machine
learning approaches have been analyzed in this simulation work such
as Naive Bayes, Decision Tree and Bayes Network. From this analysis,
it is observed that Decision Tree and Bayes Network are performing
better than Navies Bayes in terms of providing high accuracy.
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I. INTRODUCTION Abstract:
Il. Background Emotion defines as human behavior used to know the feeling,
expression sentiment of humans inside the brain. So Emotion can
lll. PROPOSED explain its statics through voice interaction, words, facial expression,
MODEL and body language. The main objective of this paper is to analyze the
IV. RESULT accuracy of the responded data by electroencephalograph (EEG)
ANALYSIS through machine learning algorithms. After predicting the accuracy we

are trying to classify results with classification learning techniques. So
here we have considered different lobes points of a human brain by
using the NMX32 device for converting EEG signal to raw data format.

V. CONCLUSION

Authors From different types of lobes point we are using two pairs of points(P3-
01, T4-T6). We used Naive Bayes and Decision trees to classify and
Figures accuracy of our data in a stable environment with different situations.
The above techniques give better accuracy on the EEG signal data
References source as 95.4% with ROC, 83.2% with Precision, 83.1% with Recall.
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Abstract— Common-mode voltage (CMV) is one of the
major reasons for electromagnetic interference. Its destructive
effects on the machine windings, insulation is well known and it
is one of the major sources of bearing failure in variable speed
drives. Extensive analysis on CMV have been reported in
previous literature in case of three-phase machine fed by voltage
source inverter. Pulse width modulation has produced reduced
CMYV at the cost of increased current distortion and have been
studied extensively during the last two decades or so. Specific
advantage offered by multiphase machine, makes it suitable
candidate for high power application. The common mode
voltage issue is as prevalent as it is in case of its three-phase
counterpart. This paper analyses the Common-mode voltage
(CMYV) produced by the two level six-phase voltage source
inverter fed multi-phase machine and proposes a modified
PWM technique for its reduction

Keywords— Induction machine, Voltage source inverter,
multiphase drive, Common mode voltage

I. INTRODUCTION

Multiphase induction machines are gaining increased
importance in recent times, because of certain advantages
when compared to their three-phase counterparts such as high-
reliability [1], fault tolerance capability [2], greater torque
density, and less torque ripple [3]. Multiphase machines have
found their application indispensable in case of electric
vehicle [4] ship propulsion, and electric aircraft. Last few
years have shown a sharp rise in the research activities in
multiphase drives with regard to different voltage levels,
different phase number, and control techniques adopted to
control the drives. Multiphase machines have higher number
of windings, which is greater than three, in the same stator. So,
the current per phase is reduced. The most common type of
multiphase machine is the one, in which, one of the three-
phase winding set leads the other by 30 electrical degrees. This
kind of machine is also known as split-phase, dual-three-
phase, dual stator winding induction machine or asymmetrical
dual three-phase induction machine. The number of coils per
pole pair is same as the number of stator phases in a three-
phase machine that is always greater than three [5]. So, it is
very easy to convert a three-phase machine to a multiphase
machine with phases more than three, simply by reconnecting
its coil terminals. Multiple three-phase winding sets are

separated by % , for even number of three-phase sets and

separated by 27 ' ,for an odd number of three-phase sets ,

where n is the number of stator windings [6]. Two VSIs are
the preferred one for multiphase application for simplicity [7].

Wherever, voltage source inverters are used for
variable speed drives, the problem common mode voltages
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(CMV) becomes unavoidable. The CMV is a major
concern for the multiphase machines like their three-phase
counterparts [8]. Common-mode voltage results in common-
mode currents that lead to bearing damage and produces
electromagnetic interference [9][10]. It also damages the
winding insulation. Common-mode currents in such cases
comprise of circulating bearing currents, rotor ground currents
and capacitive currents, resulting due to high dv/dt at the

motor terminals along with the electrostatic discharge
machining (EDM) currents. The existing solution for the
three-phase systems, to this problem, can be divided into two
groups namely (i) hardware solutions and (ii) software
solutions. Hardware solutions are (a) common-mode choke
(b) passive and active filters (iii) different topology for the
inverter. These solutions are able to overcome the problem of
CMV to some extent, but, at the same time, it has resulted in
increased size, weight, cost and complexity. On the other
hand, software solutions, largely based on switching signal or
modulation technique modification have been very successful.
In the present scenario, highly efficient digital signal
processors (DSPs), as well as Field programmable gate arrays
(FPGAs), are easily available. So, it becomes much easier to
implement the software solutions.

There exists a number of solutions (PWM based) for CMV
reduction in three-phase machine fed from either two-level
inverter or multilevel inverter. These methods are largely
based on the principle of eliminating the zero switching states
with the help of active switching states in case of space vector
PWM [11]-{14] . Interleaved carriers [15] are used in case of
Multilevel inverter. The open end winding configuration for
CMV reduction in case of five-phase induction motor drive is
a simple extension of the three-phase principle[16]. CMV
methods based on carrier-based PWM(CPWM), multiphase
inverters do reduce the CMV, but the current distortion is
higher [17]. A generalized method for reduction of CMV,
based on reference order is developed in [18] for an odd
number of phases. Reduction of CMV in five-phase induction
motor drives has been studied at large in [19][20]. So overall,
there is a lack of research when it comes to the reduction of
CMV in dual three phase induction machine DTIM.

The performance of the drive is first studied with
conventional SVPWM. Then modified SVPWM method is
developed to reduce the CMV. The two methods are compared
to establish the advantage of RCMV method over the
CSVPWM method. The modified SVPWM method avoids the
inverter states that produce the highest CMV. In a two-level
inverter, there are two such states namely Vo and V5, that
produces a CMV of ¥, /2. In other cases of the inverter state,

CMV is limited to ¥, /6 . So, these null states are replaced by

an active zero state, which is synthesized by using two anti-
parallel vectors.
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Abstract—Change in frequency with load is a great
concern. In this paper a load frequency problem is address by
taking two area power systems with hydro and wind power
plant in each unit with PID/PI-PD. Then RFB and UPFC are
introduced in the system to improve the system performance.
In all the cases PID/PI-PD controller is used and the
parameters of controller, RFB and UPFC are tuned using
Differential Evolution (DE) algorithm. The whole system is
design in MATLAB/SIMULINK model; different load pattern
is applied in place of step load and pulse load results show that
with PI-PD controller the improvement of system occurs in
terms of deviation of frequency and tie line power.

Keywords— Load Frequency Control (LFC); Proportional
Integral - Proportional Derivative (PI-PD); Unified Power Flow
Controller (UPFC); Redox Flow Battery (RFB)

I. INTRODUCTION

The increasing demand of load forced to install more
generators, as most of the power generating through thermal
power plant leads to burning of more fuel hence
environment pollution. The fossil fuel energy is limited
which force to think about the renewable energy sources.
One of such energy is wind energy which can contribute a
good amount of power to the grid. But the disadvantages
with the wing energy that the speed throughout the year is
not constant lead to design of automatic voltage regulator,
controller and better optimization technique. Till now so
many paper has been published taking thermal power
systems. But in the different state of India where coal
energy is not available but hydro energy is plenty available
we can thing about synchronizing hydro and wind energy
and supply the energy to the consumers. Again such type of
systems can be interconnected by tie line so the reserve
capacity can be reduce and can supply deficit power to the
needed area. In the load frequency control problem the area
control error is fed to the controller to minimize the
frequency and tie line power deviation [1-2]. In this paper a
two area power system with hydro and wind power plant in
each area is taken with PID/PI-PD controller. The proposed
model is design in MATLAB/SIMULINK with PID
controller, where the parameters are tuned using DE
algorithm. As we know if there is any mismatch occurs in
between generation and demand leads to change in
frequency. And if the deviation is large the system may
collapse [3-4]. This problem can be minimized by installing
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fast acting energy storage devices. But installing such
devices in all the units make the system price increase. So
different power electronic devices can be installed in the
power system to increase the power transmission capability

[5-7].
II.  DESCRIPTION OF SYSTEM

In this paper a two area power system with hydro and
wind power plant in each area is taken for simulation study.
Further a RFB and UPFC is connected in each area and
performance of the system is analyzed.

A. Modelling of Hydro power plant

The Hydro unit; consisting of governing system, turbine,
generator and load are design using SIMULINK by transfer
function of the corresponding equations [8].

B. Modelling of RFB

The RFB provides better energy storage function
compare to SMES. Its operation is simpler at normal
temperature and losses are very small. Its mathematical
representation shown in equation (1)

APy :|—
{

R }AF(S) (1)

1+ 5T .,

C. Modelling of UPFC

There are different types of FACTS device used in
the power system to improve the flow of power, transient
stability and reduced oscillations in transmission line. The
UPFC is one of the most important FACTS devices that
used in series with the tie-line in a two area multi unit power
system and its mathematical representation shown in
equation (2).

r
AP (s)=|

.
UPFC |_1 T |AF (s) 2
+s

UPFC J

D. Controller Structure

The structure of PI-PD controller represented in the
below Fig. 2. It is consisting of two controller that are PI
and PD controller. The input of PI controller connected to
area

Authorized licensed use limited to: Carleton University. Downloaded on July 26,2020 at 15:58:46 UTC from IEEE Xplore. Restrictions apply.
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mode. The nonlinear nature of renewable energy sources poses severe issues to the
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Abstract—This paper provides the PSO based control
scheme for regulation of active power and reactive power flow

across the HVDC-VSC.VSC-HVDC system provides freedom of

individual and independent control of active and reactive power
in synchronous reference frame.PSO is based on the principle of
“survival of the fittest™, originating from the idea of describing
the mechanism of natural selection of the best food location.PSO
provides the scope of self-tuning of the PI controller i.c with the
change in system operating condition, the controller adjusts
itself or tunes itself , thereby regulating the active power and
reactive power. Also, PSO depend on the value of the objective
function thereby making the computation less tedious and easy
for implementation. The system is subjected to AC faults, and
the response of the system is validated using
MATLAB/SIMULINK platform.

Keywords—HVDC, VSC, PSO, PI

I. INTRODUCTION

The preference of HVDC over HVAC is duce to a number
of factors such as reasonable cost, less losses and
uninterrupted supply of electrical power.It can be used as an
interconnecting bridge between AC systems of different
frequencies. The essential operations in the HVDC are
rectification and inversion; serving the purpose of an interface
between the electric signals viz. AC and DC[1].The
advancement in the field of power electronic became the
breakthrough that led to the increased popularity of the HVDC
in the area of power systems. VSC-HVDC offers the perk or
fringe benefit of individual and independent control of active
power and reactive power. [t makes use of bidirectional semi-
conductor switches such as IGBTs and GTOs. It is also
desirable due to its ability to supply power to a passive AC
network. It can operate in low power and provides the mileage
of power reversal[2].

The pioneers who introduced the concept of PSO which is
an artificial intelligence optimization technique, were  James
Kennedy and Russell Eberhart. It has an upper hand over the
conventional Zieglor- Nicols tuning based PI controller in the
sense that PSO is a artificial intelligence technique which
requires less computation and is casy to implement, It has low
CPU and memory requirement[3,4,5].PSO is suitable and
desirable for solution of complicated and hard optimisation
problems. Its application goes to variant of fields like
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ANN,machine lcarning, character rccngnilim}s and “many
other similar applications, In all these applications, I)fS“ hqs
proven itsell as a robust and fast optimization !cclnuquc in
solution of non-lincar, non-differentiable and multi-modal
problem[6,7,8].

The control system of VSC-HVDC system is made up of
two loops which is why it is called as dual loop system. The
system contains an inner loop and an outer loop. The outer
loop is responsible for generating reference current and the
inner loop is responsible for regulation of active power and
rcactive power. The outer loop and inner loop employs the
conventional PI controllers which arc tuncd using PSO.The
operating characteristics and dynamic stability of the VSC-
HVDC system is defined by the controllers used in the system,
So,itis desirable (o select optimal values of the parameter,k;,
and k; for the P1 controller|9,10,11,12].

Il VSC-HVDC SYSTEM

Fig.1 shows the configuration of the VSC-HVDC system.
Fig.1 shows two VSC stations namely, VSC-1 which is the
rectifier station and VSC-II which is the inverter station. The
model also consists of DC capacitors which are energy storing
clements. The DC output of the converter becomes ripple free
because of the use of the capacitor. The DC link is represented
as Zyrans (Rye Lge ). The AC filter i.c Zgye, is made up of
Riiter and Ly is responsible for eliminating harmonics.

Vae _

de ar Lic = Ldc,trans (l)
diy X ,

“filter T R/‘(l[cr!(l + (‘)L[‘fl{crlq + V(l,tnv - V(l,pcc‘ (2)
di, . .

filter = R/‘ll(e'l'Lq + wl’f‘il(el'ld + Vq,hw - Vq,pcv (3)

Here, Cye s Ve s fge and igepans refers to DC-link
capacitance,  DC-link voltage ,DC current and DC current
in the transmission line respectively.

“Equation (1) refers to the DC side equation of inverter.
Equation ** (2) and “(3)” gives the dynamic equation for AC
side of the VSC-HVDC model in d-q reference frame.
“Equation (4)",*(5)" and “(6)” gives the value of active
power,DC power on the DC link and reactive power in the
inverter side. Vyy and Vg, are the transformed values of

1)e(22
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Abstract—This paper proposes the implementation of dendbent
controtler in synchronons veferenee feame for (he control of
HVDC-VSCL The pertormanee of 6 pulse BVDCSVSCHs analyzed
and behavior of the quantites of HVDCNSC system under A
faults is studicd. The advantages of (his controller over (he
conventional PLeontroller ave fast teacking, ability, precise, robust
and fast dynamic response to the grid teansient disturbanees, ‘The
simulation test vesults ave veriticd using MATEABR/SINCULINK
platforn under AC faults,

Index Termy— HVDC, VSCPI

I INTRODUCTION

High voltage direet current(HVDC) system evolved during
the era when the concerns ol engineers predominantly were
transmission losses and cconomic rates. The HVDC systems
are cost cffective and their transmission losses are also
considerably reduced. The advantages of HVDC over high
voltage alternating current (HVAC) led 1o its vast use. Also
for offshore rencwable enerpy gencration, HVDC has proved
to be feasible[ 1].Initially line commutated converter(LCC)
were used as the rectifier station and inverter station. The
disadvantage of LCC though, is that it docs not have full
controllability of the system quantitics. With the advent of
power clectronics, the voltage source converter(VSC) based
HVDC came into practice. This breakthrough led to the use of
VSC based HVDC system, VSC-HVDC offers a plethora of
advantages over the LCC-HVDC transmission| T.Unlike the
LCC-HVDC system, VSC-HVDC does not require an external
commutation circuit. Morcover, its operation is bidirectional
without requiring to make any change in the voltage polarity.
In addition to that, the active power and the reactive power
can be controlled independently and individually in case of
the VSC-HVDC system [ 1],[2].1t has the capability of feeding
power to weak AC systems and passive networks. Also, its
application goes further in feeding  small - scale power
generation as in the case of solar and wind (Also it has the
perk of being able to power loads at far and remote end [2],
[3].

HVDC transmission  system  consists  of two  VSCs
ected through a high voltage DC line(HVDC).Due to
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DC Hink voltape, active power and reactive: power ¢an be
clliciently controlled, The conventional P1controller s used
widely but ooperations heyond the bandwidth may lead to
instability behaviorr i the system, Sinee it needs effective
faning as well as operates inoaspecilic: bandwidth, the P
controller can be repluced by the deadboat controfler. So. the
development of such a controller that copes up with the
uneertin parameters and effortess wning comes into picture.
Using such o controller the behaviorar of the system under the
prid transient disturbances and faults can be tracked |34 1,[5].

In this paper the deadbeat control scheme is used for the
control of aetive and reactive power, The control technique
involves dual loop viz, a stow outer Toop and —a fast inner loop
|51, 16]. The outer Toop consists of o PLeontroller whereas the
fast inner loop functions as dead beat controtler, The deadbeal
controller s responsible for faster tracking and it gives fast
response o any  prid - transient disturbances, 1Cis - also an
effective controller i coordinating with - other converters,
Under fluctuation in the value of parameters due (o transient
and faults, its teacking behavior is analyzed in the paper |71, 8].

The outline of the paper is like this, Modelling of the VSC-
HVDC system s presented in Seetion 11, Section 11 gives o
detailed study of - control technique, Section IV deseribes the
design of proposed deadbeat controtler, and simulation test
results are presented in Section Vo At the end the conclusion is
summarized in Section V1L

I VSC-HVDC SYSTEM

Fig.1 shows the configuration of the VSC-HVDC system.
Fig. 1 shows two VSC stations namely, VSC-I which is the
rectifier station and VSC-IT which is the inverter station. The
model also consists o DC capacitors which are energy storing
clements. The DC output of the converter becomes ripple fiee
because ol the use of the capacitor, The DC link is represented
08 Zivans(Raer Lae)- The AC filter ie Zg s made up ol
Riitier and Ly 8 responsible for eliminating harmonics.

o Vae ;
Cclc]'c{' = lge ~ ldetrans (0

Here, CaeaVgesdde and dgepans refers to DC-link capacitance,
DC-link  voltage, DC current and  DC - current in - the

{transmission line.
[
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Abstract— This paper provides the PSO based control scheme
for regulation of active power and reactive power flow across the
HVDC-VSC.PSO is based on the principle of “survival of the
fittest”, originating from the idea of describing the mechanism of
natural selection of the best food location. The tuning of the PI
controller using the computational intelligence based tuning
technique is observed to outdo many conventional tuning
techniques with respect to convergence speed and precision. Also,
PSO provides the scope of sclf-tuning of the PI controller i.e with
the change in system operating condition, the controller adjusts
itself or tunes itsclf . thereby regulating the active power and
reactive power. Also, PSO depend on the value of the objective
function thereby making the computation less tedious and easy for
implementation .The system is subjected to AC faults, and the
response of the system is validated using MATLAB/SIMULINK
platform.

Index Terms— HVDC, VSC, PSO,PI

I. INTRODUCTION
With the advancements and innovations in the field of
power electronics, the preference of high voltage direct
current(HVDC) transmission over high voltage alternating
current(HVAC) has considerably increased. It paved the way
for the operation of converters which improvises the quality
of output signal and HVDC system control. HVDC serves as
an interface between DC and AC signal, where the conversion
of these two signals take place. Rectifier converts AC to DC
and inverter converts DC back to AC[1].The preference of
voltage source controller- high voltage direct current(VSC -
HVDC) system over the line controlled converter- high
voltage direct current(LCC-HVDC) system is due to the fact
the former offers the leeway of individual and independent
control of active power and reactive power. Also, it offers the
mileage of flow of active power in both the directions without
changing the polarity of the DC power(2].It can supply power
to passiye network. It acts as “firewall” as it has the ability of
preventing outages of cascaded AC system from one System
to another. The LCC-HVDC system requires an extra
commutation block for providing commutation[3.4].
The gqnlrol technique of VSC-HVDC system is essential in
conversion, transmission, and improvement of the
performance of HVDC systefnlt is important to ensure optima
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-1 power transfer with stable voltage and minimum I()SS[}’ J.1 'I;:
control scheme employed over here uscs PSO blVL\ACd
controller. It has an upper hand over the con\'cnlmnql Z!C‘:’!““
Nicols tuning based PI controller in the scnse that it requures
less computation and is easy to implement. Tt has low CPU and
memory requirement [6,7].The pioneers who ilnrod.Llcqi ic
concept of PSO which is an artificial intelligence optimization
technique, were James Kennedy and Russell Eberhart. PSO 1s
suitable and desirable for solution of complicated and hard
optimisation problems. Its application goes to variant of ficlds
like ANN, machine learning, character recognitions and much
other similar application. In all these applications, PSO has
proven itself as a robust and fast optimization technique in
solution of non-linear, non-differentiable and multi-modal
problem [8].

In the paper, the control block is developed and modelled.
The block comprises two loops outer loop and an inner loop.
So , the name dual loop control technique for VSC- HVDC
system is appropriate. Both the loops includes PSO based Pl
controller. The PSO technique is used for the tuning of these PI
controllers[9]. In this paper, the voltage, current, active power
and reactive power is controlled.

The outline of the paper goes like this:- Section 11 presents
the modelling of the VSC-HVDC system is present, Section 111
gives the_ detailed information of controller strategy ,Section 1V
and Section V describes the design of the dual loop PSO based
PI controller and simulation test results, respectively, and
finally Section-VI summarises the whole paper.

II. VSC-HVDC SYSTEM

Fig.1 shows the configuration of the VSC-HVDC system.
Fig.1 shows two VSC stations namely, VSC-I which is the
rectifier station and VSC-II which is the inverter station. The
model also consists of DC capacitors which are energy storing
elements[17]. The DC output of the converter becomes ripple
free because of the use of the capacitor. The DC link is
represented as Zirans(Rye, Lac).The AC filter i.e Zge, is made
up of Rejjer and Lejjeer is responsible for eliminating harmonics.

Va
Cac e (1)

t . idc - idc,trans
Here, Cy¢,Vyc,lgc and igetrans refers to DC-link capacitance,

DC-link voltage, DC current and DC current in the

. ﬁansmission line.
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Abstract— The objective of the paper is to analyze the
performance of a proposed control technique for VSC based
HVDC transmission system and study the behavior of the
quantites over DC faults and disturbances. The study is based on
a 2-level VSC converter to which a deadbeat control scheme is
applied. The analysis is carried on in the d — q reference frame.
The advantages of this technique over the conventional PI
controller are fast tracking ability, precise, robust and fast
dynamic response to the grid transient disturbances. The system
is subjected to DC faults, and the response of the system is
validated using MATLAB/SIMULINK platform.

Keywords— HVDC, VSC, Deadbeat controller, ia-iy controller

[. INTRODUCTION

Since years the concem of engineers and scientists has been
use of HVDC transmission for long distance. With the
advancement in the field of electronics and semi-conductor
devices, the use of solid state switching devices came into
limelight. This breakthrough paved way for the use of VSC
based HVDC system. VSC based HVDC system offer a
plethora of advantages over the LCC based HVDC
transmission[1]. Unlike the LCC-HVDC system, VSC-HVDC
requires no external commutation block to carry out the
commutation process. Moreover, its function is bidirectional in
nature.Jt doesn’t make any change in the voltage polarity. In
addition to that, there is provision of independent and
individual control of active power and the reactive power in
case of the VSC-HVDC system [ 1], [2]. It has the capability of
feeding power to weak AC systems and passive networks.
Also, its application goes further in feeding small scale power
generation as in the case of solar and wind. Tt can also be used
to power loads at far and remote end [2], [3].

In the past various control schemes have been popularly
used such as the traditional PI controller. Its disadvantage,
though is that it functions only over a pre-specified bandwidth
range. Operations beyond the bandwidth may lead to instability
behaviour in the system. So, the development of such a
controller that copes up with the uncertain parameters and
effortless tuning, comes into picture. Using such a controller
the behaviour of the system under the grid transient
disturbances and faults can be tracked [3].[4],[5].
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The paper presents the use of the degdbeat cqntrol sche;::)el
for the control of active as well as reactive power. The c9np b
technique involves dual loop viz. a slow oulcr‘loop z{er L? lils
inner loop [5], [6]. The outer loop consists of a PI Loano L.I
whereas the fast inner loop functions as dead beat (_:mmollq .
The deadbeat control is responsible for faster tracking ‘and it
oives fast response to any grid transient disturbances. It is also
an effective controller in coordinating with other converters.
Under any fluctuation in the value of parameters d}m to
transient and faults, its tracking behavior is analyzed in the
paper [7].

The outline of the paper is like this. Modeling of the VSC
based HVDC system is presented in Section II. In Section IIl,a
detailed study of control statergy is given.Section IV describes
the design of proposed deadbeat controller, and simulation test
results are presented in Section V. Section VI Le the end,
concludes summarizing the whole paper.

II. VSC-HVDC SYSTEM

The VSC-HVDC system is shown in Fig.2. The system
consists of two VSC stations viz. VSC-I and VSC-II. Rectifier
station is named as VSC-I whereas inverter station is named as
VSC-II. The two converter stations function individually and
are independent in their operation [8]. The model consists of
DC capacitors acting as energy storing element, responsible
for ripple free DC output voltage of the converter. DC filters
located across the capacitors serve the purpose of filtering the
third order harmonics due to reactive current in the converter.
The DC transmission line is represented as Zy.ans(Rge,Lge).
The AC filters namely Zgre, comprises of Reyee, and L,
which eliminates 11" and 13" order harmonics.
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Abstract— Security in vehicular adhoc network (VANET)
is a challenging issue. Eavesdropper or attacker breaches
security of VANET often due to the dynamicity of vehicular
adhoc network with random arrivals and departures of
vehicles. In addition, the wireless media also makes VANET
vulnerable to an attack [1]. In this paper, a novel dual
authentication (DA) algorithm is proposed to counteract few
different attacks such as denial of service, sybil attack, replay
attack, eavesdropping, and masquerade attack. It is found
from the results that the proposed technique is robust against
different types of VANET attacks such as sybil attack, replay
attack, denial of service, masquerade attack, message
suppression attack, and dual authentication failure.
Furthermore, a novel trustworthiness evaluation scheme is
designed for estimating trustworthiness of each vehicle in
VANET. DA algorithm is implemented in JAVA and
trustworthiness evaluation is implemented in PHP at the
server.

Keywords— VANET, Replay Attack, Sybil Attack, Denial of
Service, Dual Authentication Algorithm, Trustworthiness

L. INTRODUCTION

The progress and improvement of distributed networks
has played a decisive role for researchers to keep considering
novel solutions for various vehicular adhoc network
(VANET) applications such as transportation, vehicle-to-
infrastructure  (V2I) and  vehicle-to-vehicle (V2V)
communications, disaster management systems and lots
more. Vehicular ad-hoc network systems are designed so as
to serve the purpose of remote monitoring and information
sharing with other vehicles in the network. Thus, VANET
communication involves sharing of large volumes of data
both at the private and public levels over a network that
requires safety at a greater level. In VANET, the vehicular
units can join the network and leave it within no time, which
is why robust and quickly deployable network connectivity is
required. Maintenance of huge volumes of data for
node/vehicle registration and trustworthiness evaluation is
yet another concern in VANET. Security in VANET
indicates the ability to determine the driver’s responsibility
while maintaining driver’s privacy. Information about the
vehicles attributes or the information about the drivers must
be exchanged securely and timely; else the message be fatal
leading to collision of vehicles [2]. Hence, for the present
scenario security requirement is the most challenging issue in
VANET [1].

978-1-7281-6916-3/20/$31.00 ©2020 IEEE

II. LITERATURE REVIEW

Mejri et al. have presented a survey on various VANET
security challenges and possible cryptographic solutions.
The paper presents the communication architecture of
VANETS outlining its privacy and security challenges,
which should be taken care to make such networks safe and
usable in practice. The paper also compares various
cryptographic schemes that are separately suggested for
VANETS, evaluates the e ciency of proposed solutions and
explores some future trends for intelligent transportation
systems (ITS). The paper also defines different attacks and
the possible cryptographic solutions. However, the solutions
proposed are not robust, which stands as a drawback [1].
Recently, Li et al. have addressed on trustworthiness of both
data and nodes in VANET. Data and node verify
trustworthiness of traffic data and nodes. In this work,
authors have proposed an attack-resistant trust management
scheme (ART) for VANETS, which is able to detect various
malicious attacks and also evaluates the trustworthiness of
both data and mobile nodes in VANETs. Data trust is
estimated based on the data collected from multiple
vehicles. Node trust is assessed in two dimensions. First one
is functional trust, which indicates how likely a node fulfills
its functionality and the second one is recommendation
trust. The recommendation trust is based on
recommendations from other nodes in a VANET that
evaluate the trustworthiness of a particular node/vehicle.
The effectiveness of the proposed ART scheme is validated
through extensive experiments. However, the message is not
secured among clients and server as the data is not
encrypted between a client and a server [2]. Apu et al. have
addressed a model for trustworthy communications in a
heterogeneous network. This model is designed for finding
trustworthy routes. However, in this work trustworthiness of
individual nodes/vehicles is not estimated. Moreover, the
paper makes use of public key encryption, which is resistant
to traditional cryptanalysis attacks only [3]. Gurunathan et
al. have proposed a Trust and Q-learning based Security
(TQS) model to detect the misbehaving nodes in an Ad Hoc
on Demand Distance-Vector (AODV) routing protocol [4].
In this paper, the misbehaving nodes are avoided and
isolated by the proposed Q-learning mechanism using the
historical forwarding and responding behavior of the
misbehaving nodes. However, the trustworthiness is
evaluated using data transmission rate and control packet of
vehicle-to-vehicle (V2V) communication, which makes it
less reliable and accurate. Moreover, data packet parameters
are not robust and there is no server-controlled
communication in this work [4]. Yao et al. have addressed a
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The concentration of graphene nanoparticle in nanocomposite film is estimated in this
paper with the help of photonic crystal fiber which is processed through regression analysis,
and subsequently, a mathematical model is developed to design a correlation between input
and output parameter. Finally, a fourth-order model is divulged in this research pertaining
to the vis-a-vis entering of signal emerging for fiber and concentration of a graphene
nanoparticle in a nanocomposite film. The fourth-order equation is disclosed as regression
analysis, which is part of big data analysis.
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Abstract:

Silicon and gallium arsenide (GaAs) based three dimensional photonic structure is realized here
to envisage at Terahertz mirror device, which is purely belonged to the application of nano
photonic devices. Further plane wave expansion technique pertaining to the mathematical
formulation is disclosed in this research to evaluate the photonic bandgap of silicon and gallium
arsenaide crystal structure. Aside this, lattice spacing and diameter of air holes of both the
structure play key role to understand the above said application, which controls the reflection and
transmission of signal . Finally it is revealed that with the proper combination of lattice spacing
and diameter of air holes of the said 3D structure determines a range of Terahertz frequency.
Finally, the outcome of the paper claims that the proposed structure can be a suitable candidate
for nano photonic application
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PWE,3D waveguide,; Photonic mirror
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\ coating which reflects more than 99.99% of the

L INTRODUCTION light, when falls on them[7-8].

A waveguide is a structure that guides waves, such
as electromagnetic waves or sound waves, which
amplitudes decrease according to the inverse square 8] ARNOLES
law as they expand into three dimensional spaces
[1]. Different types of waveguides are there such as
hollow conductive metal pipe is used to carry high IFUTWAVELENGTH OUTRUT WAVELENGTH
frequency such as radio waves particularly q
microwaves. An optical fiber guides high

DIAMITER

SUCON BACKGRO UMD MATIRAL

frequency light, but it will not guide the
microwaves of a much lower frequency [2].

Optical mirrors have a smooth, highly polished,
plane or curved surface for reflecting light the
reflecting surface is a thin coating of silver or Fig. 1 3D photonic crystal structure
aluminium on glass [3]. An optical coating is one
or more thin layers of material deposited on an

30 PHOTONIC CRYSTAL

II. Structure analysis

optical component such as a lens or mirror, when The proposed structure in this research for possible
light fall optical waveguide, where some amount of mirror application, gallium arsenide and silicon is a
light reflects and some amount of light transmits backbone of the same, which is shown in figure 1.
[4-6]. One is antireflection coating which reduces Here the structure is considered 3x3 air holes,
unwanted reflections and other is the high-reflector where diameter of lattice spacing plays vital role to

envisage the mirror application. Aside this, input
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Abstract

Silicon and gallium arsenide (GaAs) based three dimensional photonic structure is realized here to envisage at Terahertz mirror device, which is purely belonged
to the application of nano photonic devices. Further plane wave expansion technique pertaining to the mathematical formulation is disclosed in this research to
evaluate the photonic bandgap of silicon and gallium arsenaide crystal structure. Aside this, lattice spacing and diameter of air holes of both the structure play
key role to understand the above said application, which controls the reflection and transmission of signal . Finally it is revealed that with the proper
combination of lattice spacing and diameter of air holes of the said 3D structure determines a range of Terahertz frequency. Finally, the outcome of the paper
claims that the proposed structure can be a suitable candidate for nano photonic application.
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mobility, energy efficiency and network in dynamic topology environment. Efficient routing
with obstacles avoidance in dynamic topology is a critical issue in MANET. Many mobility
patterns have been recommended for the movement of nodes in presence of obstacles in
MANET terrain. Some obstacles avoiding routing techniques are also proposed by some
popular researchers. In this paper, many related articles have been reviewed and briefly
discussed. The paper outlines advantages and drawbacks of each approach to get possible
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Abstract The primary challenges in mobile ad hoc network (MANET) are presence
of obstacles, mobility, energy efficiency and network in dynamic topology environ-
ment. Efficient routing with obstacles avoidance in dynamic topology is a critical
issue in MANET. Many mobility patterns have been recommended for the move-
ment of nodes in presence of obstacles in MANET terrain. Some obstacles avoiding
routing techniques are also proposed by some popular researchers. In this paper,
many related articles have been reviewed and briefly discussed. The paper outlines
advantages and drawbacks of each approach to get possible research scope in route
planning in dynamic MANET topology in presence of obstacles.

Keywords MANET - Terrain - Routing techniques

1 Introduction

Disaster recovery during natural calamities like volcanic eruption, earthquake,
tsunami, hurricanes and tornados or man-made calamity like explosions, fires and
military operations are hampered when the MANET performance diminishes due to
presence of obstacle in the terrain area. In addition to that performance of MANET
also reduces due to node mobility, network congestion and insufficient node energy.
A number of protocols are developed to improve the performance [ 1-4]. To develop
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Abstract Recently free-space optical communication (FSO) is a high-demanding
technique due to the high ability it offers. But it is limited to certain fields due to some
drawbacks. Generally, this communication is used for short range applications due to
the presence of various atmospheric hazards. Here we are analyzing and comparing
the PDF of various channel models such as Gamma-Gamma, log-normal, Nakagami,
Weibull distribution, K- distribution, and Negative exponential.
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1 Introduction

Free-space optical communication (FSO) is the technique used in optical commu-
nication where the carrier signal is the light signal in free space. In FSO the energy
beam is gathered and transmitted through space to the destination [ 1]. The source can
be a LED or LASER and the destination can be a photo diode (PIIN or APD). The
IR or visible energy along with the data is modulated by using different modulation
schemes at the source and accepted by the photo detector at the destination after
being transmitted through the FSO channel. An effective FSO system has various
characteristics such as, it has the ability to operate at high power levels for longer
distance, low power consumption, can operate over wide temperature range. The
various advantages of FSO includes low initial investment; it has straight forward
deployment system, high bandwidth, high data rate, high speed transmission, lesser
radio frequency interference, etc. [2]. The actual data is distorted at the receiver end
due to various atmospheric turbulences such as rain, dust, snow, fog, or smoke and
different phenomenons like scintillation, absorption, and scattering. When energy
waves (such as light, sound, and various electromagnetic waves) are caused to depart
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Path Planning of the Mobile Robot M)
Using Fuzzified Advanced Ant Colony e
Optimization

Saroj Kumar, Krishna Kant Pandey, Manoj Kumar Muni and Dayal
R. Parhi

Abstract Ant colony optimization (ACO) is a probabilistic optimization method.
In this analysis, its application has been explored in mobile robotics for path
planning. It provides multi-feedback information and robustness to the mobile robot
during navigation. Due to the robustness of the advanced fuzzified ant colony
optimization (FACO), the path planning task has been executed in the unstructured
environment, and collision-free navigation has been achieved smoothly. For
fuzzified advanced ant colony optimization (FAACO), path pheromone update
scheme is divided into two categories like favorable and unfavorable path. Using
these, path pheromone as the problems of conventional ACO like slow convergence
has been sorted out. The advanced FACO improves the evaporation rate of pher-
omone to accelerate the convergence speed. Finally, the simulation results show the
proposed method conquered the previous drawback.

Keywords FAACO - Path planning - Optimization - Robot

1 Introduction

Since the last decade, the development of mobile robotics science has been reached
at a higher level of research, due to its autonomy and effectiveness as compared to a
human. Nowadays, robots are becoming advance and it is replacing approximately
every phase of human life. Among the different types of robotic development, the
development that replaces the human and their work is a very challenging task. The
mobile robots have many applications, but mobile robots are frequently used in a big
platform such as medical, automation, manufacturing, mining, and industries.
However, for the smooth operation of the robot, it is necessary to conduct path
planning and navigational control task during the operational time. Therefore, in this
paper, an advanced FACO technique has been proposed for the path planning of the
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Path Planning of a Humanoid Robot )
Using Rule-Based Technique Crockre

Manoj Kumar Muni, Priyadarshi Biplab Kumar, Dayal R. Parhi,
Asita Kumar Rath, Harish Chandra Das, Animesh Chhotray,
Krishna Kant Pandey and Kitty Salony

Abstract This paper describes the effective route organization of a humanoid robot
in an unknown environment. Rule-based technique is examined for steering of the
humanoid robot in chaotic environments. The prime objective of the humanoid is
set as to reach the target without hitting the obstacles. Various rules are developed
based on the direction of motion, the distance between the humanoid and target,
the distance between the humanoid and obstacles, and the angle between the robot
and adjacent obstacles. The rules considered are cultured to find out the target angle
of the humanoid from its current location. The proposed methodology has been
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Abstract

This paper presents sugeno fuzzy system with hybridized membership functions for the determination
of exact turning angles for the humanoid robots during their path traversal from starting point to goal
point. This helps the robot to reach the destination effectively by avoiding the hurdles in the path and
obtains the global minimal path. The hybridized membership functions used in the sugeno fuzzy

approach plays a key role in providing the exact turning angles to avoid hurdles. Image sensors and
ultrasonic sensors are used for mapping the environment and, also provide the hurdle distances to the

fuzzy controller as input parameter. The hurdle distances from the robot in front, lefi and right

direction are the input parameter to the fuzzy controller and exact turning angle is the output
parameter from the controller. The developed controller is carried out in both simulation and

experimental environment having complex hurdles. A comparison has been made between the results
of both simulation and experimental scenariosand, a good agreement is found among those with

minimal deviations.

Keywords: Humanoid NAO;Sugeno Fuzzy Controller; Hybrid MF; V-REP; Simulation.

1. Introduction

For the research analysis humanoid NAO H25
developed by Aldebaran robotics [1] is considered.
Now a days humanoid robots gain their popularity
towards research as they look like humans and they
can easily work in industries by reducing human
effort. To do the same the motion planning strategy
of the humanoid must be efficient. So path
planning of humanoids is a challenging research
work for the researchers. In this paper sugeno fuzzy
controller is used for the motion planning analysis
which utilizes the input parameters and provides
the output parameter to the robot for smooth
navigation of single as well as multiple humanoids
in environments having complex hurdles. Several
researchers have wused many optimization
techniques for the navigation of mobile robots and
some of them are listed below.

Zhar et al. [2] presented fuzzy logic controller with
proximity sensors and genetic algorithm to obtain
quick efficient collision free path in the unknown
multi hurdle environment. Panda and Choudhury
[3] used the concept of genetic algorithm for the
dynamic path planning of mobile robots in
unrecognized dynamic environment. Hossain and
Ferdous [4] proposed bacterial foraging
optimization technique for the navigation of mobile
robots and obtained shortest feasible path in
unknown environment with moving hurdles.
Karami and Hasanzadeh [5] presented adaptive

genetic algorithm in two dimensional complex
environment for the motion planning of mobile
robots. Pandey et al. [6] presented ANFIS
controller scheme for effective and collision free
navigation of mobile robots in unknown static
environment. Sudhakara and Ganapathy [7]
developed an enhanced A* optimization technique
for best path traversal with avoiding hurdles for
mobile robots while moving from starting state to
goal node. Das et al. [8] presented a novel
improved gravitational search method to optimize
the trajectory path followed by multiple mobile
robots in a dynamic environment. Bakdi et al. [9]
proposed  adaptive  fuzzy  controller and
implemented genetic algorithm for collision free
smooth path during navigation of wheeled indoor
mobile robots in cluttered environment. Wang et al.
[10] developed particle swarm optimization method
in combination with MAKLINK graph and A*
algorithm for motion planning of mobile robots,
and obtained motion space model of the robot with
shortest path between start point to end point. Patle
and Parhi [11] proposed firefly algorithm for
navigation of mobile robots by using the concepts
of intelligence mechanism. Aouf et al. [12]
developed a new revolutionary technique by
combining TLBO and ANFIS for effective
navigation of mobile robots in strange environment
with optimal path trajectory and minimum traversal
time towards goal. Lamini et al. [13] presented
genetic  algorithm with improved crossover
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Path Planning and Control of Mobile Robots Using Modified Tabu Search
Algorithm in Complex Environment
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Abstract:

An innovative modified Tabu search technique is developed for the effective navigation of mobile robots in complex environment.
The method is modified to improve the efficiency of mobile robot towards having optimized path in short duration of time. Tabu
search method works on the principle of getting shortest path by forming a Tabu list, which informs the mobile robot not to visit
the previously visited positions and helps the robot in obtaining the obstacle negotiation angle. The modified Tabu search method
helps the mobile robot to travel from any source to target location in any environment with suitable obstacle negotiation angle
avoiding hurdles in its path. The developed modified algorithm has been incorporated in mobile robots and various trials were

carried out in different environments to confirm the effectiveness ofinodified algorithm.
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I. INTRODUCTION

For the effective use of mobile robots, it is highly
essential that the robots should travel the optimized
path having global minima points in less time. So the
path planning of mobile robots is an attractive field of
research till now, which aims to find a collision free
global path in any environment consisting of complex
obstacles. For this purpose distance and time are the
main criteria for consideration and many techniques
have been developed to obtain the shortest path such
as, Alexopoulos and Griffin [1] used A* algorithm
and obtained collision free path in shortest tome for
mobile robots. Gun and Parker [2] proposed D*
search algorithm and obtained the optimal motion
planning for multiple robots. GE and CUI [3]
developed a new potential field method for the path
planning of mobile robots in movable target and
obstacle prone environment. Hachour [4] presented a
new motion planning algorithm in unknown
environment with static obstacles, so that the mobile
robot can navigate effectively avoiding obstacles.
Gueaieb and Miah [5] presented a novel RFID
technique for navigation of mobile robots in
unknown environment and workspace. Mohantaet al.
[6] proposed a GA-Petri optimization algorithm for
the navigation of multiple mobile robots in various
environments with presence of different obstacles.
Yun et al. [7] developed a GA algorithm in order to
support the mobile robot during motion traversal in
unrecognized and unknown environment. Tuncer and
Yildirim [8] developed an improved genetic
algorithm with a new mutation technique for the

effective navigation of mobile robots in complex
environments. Zhang et al. [9] proposed a
multiojective particle swarm optimization technique
for the motin strategy of mobile robots in dynamic
terrains. Goyal and Nagla [10] presented modified
A* algorithm with increasing the virtual size of the
obstacles by (2n+1) times during navigation of
mobile robots from any source location to target
position.Duchon et al. [11] used SLAM, based on
grid map for the reactive navigation of mobile robots.
Mohanty and Parhi [12] proposed a hybridized
technique comprising of FIS, ANN and ANFIS for
effective navigation of autonomous mobile robot.
Weerakoon et al. [13] proposed a new deadlock free
artificial potential field algorithm for mobile robot
motion planning. Patle et al. [14] developed a
modified firefly algorithm for motion planning of
mobile robots in complex crowded environment and
optimizes the path distance along with obstacle
avoidance. Rath et al. [15-16] have used fuzzy logic
technique to avoid obstacles on path during
navigation. Pandey et al. [17] have used ANFIS
controller for path planning of mobile robot in an
unknown static environment. Rath et al. [18-19] have
used soft computing techniques for the navigation of
humanoid robots, and successfully achieved the goal.
Pandey and Parhi [20] have used behavior based
neural network for the motion control and path search
of mobile robot in a hazy environment.

From the survey, it can be concluded that, though
different techniques have been developed for
navigation and motion planning of mobile robots but
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An Effective Path Planning of a Mobile ®)
Robot el

S. Pattanayak, S. C. Sahoo and B. B. Choudhury

Abstract Recent advances in mobile robot path planning are turns into a preva-
lence research field. This paper proffers a metaheuristic approach to optimize the
mobile robot path length by adopting particle swarm optimization (PSO) algorithm.
This approach reckons the curtail path length between staring and goal point for the
mobile robot without any physical contact to the obstacles. A static environment
with known obstacles position is designed for evaluation of path length by this
method. Total nine numbers of obstacles are taken into consideration for this study.
The program for PSO optimization approach was written using MATLAB software.

Keywords Mobile robot - Path planning - PSO

1 Introduction

Development of new advanced industries and their requirement of continuous
production, working in hazardous situation, and unattended machining operation
limit the working of human beings. Therefore, it is necessary to develop a robot that
can be controlled through a cellular phone/laptop/remote controller. The path in
which robot reaches its destination is a challenging task for the designer. So the
path is selected in such a way that the collision with obstacles can be completely
avoided also the path length should be as small as possible. Path planning proce-
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Inverse Kinematics Solution of a 6-DOF M)
Industrial Robot e

Kshitish K. Dash, B. B. Choudhury and S. K. Senapati

Abstract A vital part of many industrial robot manipulators is to reach required
position and orientation of end effectors so as to complete the pre-defined task. To
get this, one should have knowledge of kinematics, i.e. inverse kinematics (IK).
Though inverse kinematics never gives a closed form solution, it is too difficult to
solve such problem of an industrial robot. There are so many analytical and other
simulation methods which are adopted to solve this IK problem for our 6-DOF
industrial pick and place robot. In this paper, artificial neural networks (ANN) are
used and simulated by using MATLAB.

Keywords Industrial robot - Inverse kinematics « ANN

1 Introduction

Kinematics of robot indicates the analytic behaviour of the movement of robot
manipulator. By taking appropriate kinematics models of an industrial robot, the
kinematic behaviour, i.e. inverse kinematics and forward kinematics, can be anal-
ysed. These two spaces utilized as a part of kinematics demonstrating are known as
Cartesian space and Quaternion space. The alteration among two Cartesian coor-
dinate takes place in form of rotation and a translation as soon in Fig. 1. So many
methods are adopted to solve forward kinematics and inverse kinematics problems
of an industrial pick and place robot. out of different method Jacobian matrix and
Denvit-Hertenberg theory is useful for analytic solution of straight forward
kinematics and Screw theory is useful for inverse kinematic solution.
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Abstract. Industrial robots are mostly used in the production industry these
days to reduce labour costs and increase precision of operation. Many more
industries are taking the benefits of these robots for their batch production.
Many researches are being carried out for the improvement of design, control
and interpretation of trajectory, kinematic and dynamic analysis and on many
relevant fields to increase its capabilities. Kinematic analysis forms the basics of
mechanical interpretation of any industrial robot as it helps engineers for further
analysis like inverse kinematics and dynamic analysis. In forward kinematics
end effector positions are determined from the joint angles. In inverse kine-
matics, calculate a sets of possible joint angles necessary for reach a particular
station of known coordinate. As the inverse kinematics involves tedious and
lengthy multistep mathematical calculations, till date none of the existing
methods of calculation of inverse kinematics has been proved without any flaws.
Hence researches are still going on by different persons in-order to develop a
simpler and more accurate ways to solve the inverse kinematic problems.
Therefore there is a concept about the kinematics of an industrial robot is
provided to make easy the further development on industrial robot. Kinematics
analysis for a 6-degree of freedom industrial robot is presented by this paper. In
the kinematic analysis both the forward as well as inverse kinematic of an aristo
m-tab 6-DOF robot are considered. For the forward kinematic all the homo-
geneous matrix of the every joint is calculated mathematically by considering
the DH parameters, kinematic diagram and rotation of the joint. The co-ordinate
of the end effector is obtained by multiplication of homogeneous matrix of the
each joint. An analytic method is proposed for the inverse kinematic analysis.
After solving the inverse kinematic equations the possible solutions are cross
checked by the use of virtual robot module.

Keywords: Degree of freedom (DOF) - Virtual robotic module (VRM) -
Denavit-Hartenberg (D-H)

1 Introduction

Robotics is a branch of engineering which deals with the design, modelling, con-
struction, operation and using of robots as well as software programming which is
essential to command robots. Now a day’s robots are giving instructions to the people
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An Effective Trajectory Planning m
for a Material Handling Robot Using L
PSO Algorithm

S. Pattanayak and B. B. Choudhury

Abstract This paper utilizes the potentiality of PSO algorithm to design and opti-
mize the trajectory for a material handling robot. This approach is based on the
behavior of fish schooling and birds flocking. Layout of the Institute machine shop is
selected as an environment for determining the trajectory length. Total fifteen num-
bers of obstacles (machines) are acknowledged during this analysis. The selected
approach not only delivers curtail path length but also generates a traffic-free trajec-
tory. The material handling robot is not colliding with any machines during move-
ment. The programming codes for the selected approach are written, compiled, and
run through a software: MATLAB.

Keywords Material handling robot - Trajectory planning - Obstacle avoidance -
Particle swarm optimization

1 Introduction

Requirement of endless supply of raw materials, tools, and other necessary acces-
sories to a machining station, warehouse in the least possible time to avoid starving
condition in a processing station. It limits the working of human beings in any
industries. These limitations are possibly overcome by the development of a mobile
material handling robot, which can be guided wirelessly through any electronic gad-
gets. Flexibility of material handling system directly related with the production rate
which indirectly point out the level of automation of the industry. The time required
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Abstract. This paper presents an approach that is used to amend the issues
appears during trajectory designing for a mobile material handling robot in
settled and dynamic/unsettled environment. Algorithms like artificial potential
field approach (APF) is employed to eradicate the issues arises in deciding the
shortest possible track in unsettled surrounding. Curtail track length, computa-
tional time, travel time, track smoothness, feasibility and crash free track are
addressed in this paper. Two distinctive surrounding setups are designed in this
paper. One involves only stationary/settled obstacles. While second surrounding
involves both stationary and unsettled obstacles. The simulation practice indi-
cates that Artificial Potential field technique is found appropriate when the
surrounding involves both static and dynamic obstacles. Also track generated by
this approach not only shorter but also requires less computational time for
generating the optimal track. The selected approach is also capable for gener-
ating the travel time needed to chase the optimal path, as the speed of the robot
is defined in the program. So the travel time associated with that track is
determined. Some experimental trials are also performed to determine the value
of actual travel length and time. From the study, it is concluded that the path
generated by this approach in unsettled environment not only crash free, but also
smooth and requires less computational and travel time.

Keywords: Mobile material handling robot + Crash free track designing -
Artificial potential field algorithm

1 Introduction

Material handling robot is an integral part of the industry. As the flexibility of the
material handling robot decides the automation level in the industry. A material han-
dling robot takes part in handling of raw part, tool and other necessary accessories to
and from ware house to the desired location. A material handling robot may also assist
in loading and unloading of raw/finished part at the workstations. From a survey, it is
conveyed that the actual machining time is 5% of total production time [1]. The rest of
the time will be spend in material handling, tool orientation, and other activities. A lot
of production time can be saved when the handling time is diminished. Thus the
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Abstract. In this paper the auto control strategy for a mobile robot is provided
with the novel algorithm of modified particle swarm optimization algorithm
(MPSO). Original taken image is preprocessed and then the features are
extracted. The preprocessing involves the two important characters of resizing
and RGB to gray conversion for getting the gray level image and avoid the
colour image. Then the modified sobel edge detection algorithm is used to show
the lines, and curves. After detecting the edges, filters are used to remove the
unwanted noise. The simulation is done in MATLAB and Xilinx environment.
The power, frequency, delays, and the logic utilization is measured. Then the
result is compared with existing particle swarm optimization.

Keywords: Preprocessing - Filtering + Feature extraction -
Modified sobel detection algorithm *
Improved particle swarm optimization algorithm

1 Introduction

A field-programmable gate array (FPGA) is an integrated circuit (IC) that can be
programmed in the field depending on application [1]. It contains thousands to millions
of logic gates with programmable interconnection. Programmable interconnections are
available for users to perform any task in the field easily. Figure 1 shows a typical
architecture with available input/output. I/O blocks are designed and numbered
according to the required function. FPGA consists of logic blocks such as look up
tables, flip-flops and some amount of memory [2—4].
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Abstract. With the enormous issues in robot kinematics analysis is to
streamlining the arrangement in inverse kinematics, which manages acquiring
the joint factors regarding the end-effectors position and direction than the
forward kinematics issue. The level of opportunity of a robot expands the
inverse kinematics estimation become increasingly troublesome and costly. In
mechanical and fabricating field the utilization of robot is an inescapable factor
and in this manner the movement of its controller is important to express more
effectively and essentially. On light about this reason kinematical approach may
be viewed as here. The kinematics may be the precise examination of geometry
for development of a robot arm Also may be for two kin. In this paper pseudo
jacobian transfer matrix and D-H method is considered for solving the inverse
kinematic problem. The solution of two analytical method optimized with ANN.

Keywords: Inverse kinematics + Jacobian transpose matrix -
D-H method - ANN

1 Introduction

These days’ robots are considered as an essential piece to producing field with their
characteristic ability of executing perplexing and hazardous employments all the more
proficiently and dependably. A mechanical controller is made out of a few connections
associated jointly through joints. The kinematics manages the geometric movement of a
mechanical controller and the backward kinematics are adopted as the most prevalent
and proficient strategy for supervise robot manipulator. There commended methodol-
ogy can be actualized to take care of the opposite kinematics issues looked in apply
autonomy with most elevated DOF. Many analysts proposed a Jacobian Transpose
approach to decide the inverse kinematic arrangement of automated controllers. The
recommended arrangement strategy depends on utilizing neural network and genetic
algorithm in a half and half framework. The blunder presented by the neural network
can be limited by the utilization of genetic algorithm. The principle issues here is to
find the test error though training time is bigger and also require huge numbers of
shrouded neurons. Nonlinear autoregressive models with exogenous data sources rather
than other intermittent neural models, have constrained criticism designs which come
uniquely from the yield neurons rather than from shrouded neurons. The neural model
is regularly utilized in the arrangement of recognizable proof territory. All the particular
powerful systems talked about the systems, with the elements just at the information
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PSO Based Path Planning of a Six-Axis )
Industrial Robot L

Supriya Sahu and B. B. Choudhury

Abstract Aristo robot is a 6-axis articulated robot widely used in industries to lift
small parts with greater accuracy. The use of robot in production sector depends upon
the efficiency with which it performs a given task with shortest possible time. This
research presents a proposal, to optimize the path for a particular task by adopting
Particle Swarm Optimization (PSO) algorithm. For the analysis of optimal path, total
ten numbers of objects have been defined and the robot has to cover up all objects with
all possible paths with minimum cycle time. The optimal solution is obtained using
robomaster simulation software and the global best solution is obtained using PSO.
The program for optimization of path length is written in MATLAB software. The
global best result obtained using PSO is a simple method for solving path planning
problems for any industrial applications.

Keywords Aristo robot + PSO - Path planning - Path length - Robomaster
simulation

1 Introduction

The requirement of high efficiency and performance with greater accuracy and pre-
cision with minimum machining time has introduced the use of robots in different
production industries. In order to decrease the machining time while using the robot
in industries the path through which it performs the given task with minimum time
is required to be defined. The selection of path with minimum path length can be
achieved by use of different optimization techniques and PSO is one of the best
techniques that has been adopted to solve different path planning problems. Multi
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Selection of Industrial Robot Using )
Fuzzy Logic Approach i

Swagat Nayak, S. Pattanayak, B. B. Choudhury and N. Kumar

Abstract This paper introduces a modified fuzzy technique (FUZZY TOPSIS) for
the selection of best Industrial robot according to the assigned performance rating.
Both conflicting quantitative and qualitative evaluation criteria are considered during
the selection process. A collective index is prepared using weighted average method
for preparing the ranking of rule base. Triangular and Gaussian membership function
is used to describe the weight of each criterion (input parameters) and rating of each
alternatives (ranking of robots). From comparison study, it is found that the Gaussian
membership function is most effective for closeness measurement as its surface plot
shows a good agreement with the output result. This approach confirms that the
fuzzy membership function is a suitable decision making tool for the Manufacturing
decisions with an object lesson in the robot selection process.

Keywords Industrial robots + Attributes + Selection * Fuzzy membership functions

1 Introduction

Industrial requirement of precision in repetitive works, reduction of man power and
their associated cost, reduction of lead and idle time and working in hazardous
situation, demands automation. Industrial robotics is the most flexible and fully
automated technique used to fulfill such demands. Selection of industrial robot is a
significant problem to the designer/manufacturer. Selection of robot is always task
specific. Controlling a robot in varying operational environment like production
work is always laborious. The environment “where subjective is not accurate and
uncertain information available about the source”, then Fuzzy logic controller will be
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Abstract

Reduction in CO, gas emission and decrease in fuel consumption can result in increase in efficiency of the thermal power
plants. Increase in efficiency is directly linked to the steam temperature and pressure which requires materials having high
creep strength. This resulted in development of Advanced Ultra Super Critical (AUSC) power plant which aims to increase
efficiency to more than 45 % and significant decrease in CO, emission. The 304HCu stainless steel is one of the candidate
materials to be used in AUSC power plant. It contains around 3 wt. % of copper, certain amounts of niobium and nitrogen
and increased carbon content for enhancing creep strength. Creep tests are conducted for 304HCu stainless steel at 923K,
973K and 1023K over a stress range of 100-240MPa. The creep curve exhibited shorter primary regimes followed by
marginal secondary regimes and extended tertiary regime. The variation of steady state creep rate with applied stress
exhibited Norton’s power law relationship (¢, = Ad™). The value of n (stress exponent) decreased with increase in
temperature but decrease was more pronounced at 923K. The product of steady state creep rate and rupture life obeyed
Monkman-Grant relation. The contribution of tertiary creep was found to increase with temperature. Microstructural
degradation in the form of coarsened precipitates, dislocation cell formation and deformation bands was the primary reason
for increase in tertiary regime of creep curve and increase in the value of damage tolerance factor (). A mathematical model
based on finite element analysis coupled with continuum damage mechanics has been used to predict the creep deformation
and rupture life of 304HCu SS. The prediction of creep curve based on this model was found to be in good agreement with
experimental results.

© 2019 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of Peer-review under responsibility of the SICE 2018 organizers.
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1.0 INTRODUCTION

To achieve higher plant efficiency and reduction in CO, emission, there is a necessity of increase in
temperature and pressure of boiler tube in the modern power plants. Advanced Ultra super critical power plant
aims to increase the efficiency by increasing the temperature more than 923K and pressure more than
30MPa[Weitzel P.S. ., 2011]. However, the elevated temperature resistance and creep resistance of the material
(300grades of austenitic SS) used in conventional power plant is not adequate. 304grades of stainless steel has
been modified by adding 3wt pct. of Cu, increased carbon content and certain amounts of niobium and nitrogen
which has good elevated temperature resistance and creep resistance, material named as 304HCu SS.
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Abstract. In the research work, LM6 alloy prepared by plasma processed technique is studied
for wear behavior. The wear behavior of the plasma processed LM6 alloy sample is study at
room conditions at four different loads ,i.e. 10N, 20N, 30N, 40N and with different sliding
speeds, i.e. 200, 300, 400, 600 rpm's for about 2 min,5 min,10min,15 min respectively, using a
pin-on-disk wear testing instrument. From the pin-on-disk experiment, cumulative mass loss
varying with the sliding speed, applied load and time was studied. The existence of eutectic
silicon is sensed by the microstructure. The wear of plasma processed LM6 alloy sample
increased as applied load, sliding speed and time increased.

Key words: LM6 Alloy, Dry Sliding wear, sliding speed, Wear resistance, Tribological
Properties.

1. Introduction

Aluminium-silicon alloys are widely and favorably implemented in automobile engineering
applications like pistons, clutch housing, and liners, in which tribological and mechanical properties
of the material are significant, due to the metallurgical feature, like more strength to weight fraction
and high thermal conductivity [1]. The tribological wear behavior of Al-Si alloys depend on different
parameters, such as composition, size, shape, and distribution of micro components. All the while, it
also relies upon service conditions and mechanical properties for example, interface condition,
applied load, temperature and sliding speed [2-3]. Many research studies are worked out for
investigation of analyzing the wear quality of these alloys under different testing conditions. For
simulated wear testing in the laboratory, pin-on-disc testing equipment is one of the most commonly
implemented. It is attached with a continuously rotating disc, in which the effect of sliding speed,
normal load, alloy composition and the presence of interface film etc. can be effortlessly investigated
[4]. Torabian et al. have considered the impacts of normal load, alloy composition, sliding speed and
distance on the wear of Al-Si alloys. The wear rate is strictly depending upon the applied load. It
increments straightly with load [5].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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The main objective of the present work is to prepare a glass/jute/sisal fiber (GF/JF/SF) reinforced
polypropylene (PP) hybrid composites and analyse the influence of different fiber loadings on its mechan-
ical and water absorption behaviour. The polymer composites of various compositions with different
fiber loadings such as 70 wt% PP + 30 wt% GF, 70 wt% PP + 30 wt% JF, 70 wt% PP + 30 wt% SF, 70 wt% PP
+15 wt% GF + 15 wt% JF, 70 wt% PP + 15 wt% GF + 15 wt% SF, 70 wt% PP + 10 wt% GF + 10 wt% JF + 10 wt%
SF have been fabricated using compression moulding technique. The fiber loading of different fibers is

Keywords: found to have a significant positive effect on the performance of glass/jute/sisal fiber reinforced
Polypropylene . . . . . o o

Glass fiber polypropylene hybrid composites. Among the hybrid composites one with the composition of 70% PP
Jute fiber +10% GF +10% JF + 10% SF shows a maximum flexural modulus of 3119.81 MPa which is almost 130%
Sisal fiber higher than the value obtained for virgin PP. It also shows a maximum hardness value of 100.1 in
Maleic anhydride R/Scale reading. The same composition shows highest impact strength of 44.15 J/m, which is almost
NaOH pellets 40% higher than the value obtained for virgin sample. Water absorption is also found to be less in all these

polymer composites and hybrid composites below 0.3% (by weight).

© 2019 Elsevier Ltd. All rights reserved.

Selection and Peer-review under responsibility of the scientific committee of the 2nd International Con-
ference on Processing and Characterization of Materials.

1. Introduction

The polymer composite materials play a significant role in
numerous plastic and polymer industries because of its low cost,
light weight, higher mechanical properties, low corrosion resis-
tance, environmentally friendly nature, design flexibility, lower
thermal conductivity, durability, etc. [1,2]. Due to their high
strength to weight ratio and excellent mechanical properties, syn-
thetic fibre reinforced polymer composites find a greater applica-
tion in various sectors such as automobile, marine, aerospace,
etc. [3]. Literature survey suggests that the glass [4] and carbon
[5] are the commonly used synthetic fibers so far. But in compar-
ison to other available synthetic fibers, GF is a desirable reinforcing
agent for many polymer products as it is smooth, much cheaper,
and significantly less brittle when used in composites. However,

* Corresponding author.
E-mail address: hemalata2020@gmail.com (H. Patra).

https://doi.org/10.1016/j.matpr.2020.02.964
2214-7853/© 2019 Elsevier Ltd. All rights reserved.

the synthetic fibers in general do have their own disadvantages
of higher manufacturing cost and important environmental issues
such as renewability and disposal [6].

Recently, due to the growing global energy crisis and ecological
risks natural fiber reinforced polymer composites have attracted
more research interests. Natural fibre reinforced polymer compos-
ites have a great impact on research sectors due to their availabil-
ity, biodegradable behaviour, renewability, environmental friendly
character, low cost and density, high specific properties, good ther-
mal and acoustic properties and improved energy recovery prop-
erty, low energy consumption, non-abrasive nature etc. [3,6,7]. A
great deal of work has been carried out and reported to measure
the potential of natural fibre as reinforcement in polymer such as
jute [8], coir [9,10], bamboo [11], sisal [12,13], banana [14,15],
hemp [16], sugar palm [17], etc. Plant based natural fibers justify
their use as reinforcement for polymer composites but they suffer
from the disadvantages like low mechanical properties, poor adhe-
sion properties due to their hydrophilic character, durability factor,

Selection and Peer-review under responsibility of the scientific committee of the 2nd International Conference on Processing and Characterization of Materials.
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Sulphate is one of the inorganic nutrient pollutants present in wastewater which needs to be treated due
to present day global stringent emission norms. Among the several available biological means to treat
industrial wastewaters, the use of inverse fluidized bed biofilm reactors (IFBBRs) has gained much atten-
tion in recent years over other fluidized bed reactors. In this work, the feasibility of removal of sulphate
from synthetic wastewater having initial concentrations of 13.096, 32.74, and 65.48 mg/l was studied
using mixed bacterial culture. Spherical polypropylene balls were taken as biomass support particles hav-

Key Worfis: ing density of 920 kg/m? and diameter of 5.63 mm. Three different bed-volume to reactor-volume (V,/V;)
Industrial wastewater treatment . . . R e

Sulphate ratios i.e., 0.304, 0.380, & 0.445 and three different superficial air velocities i.e., 0.0065, 0.0085, &
Inverse fluidized bed 0.0106 m/s were considered for experimental runs. The reactor inoculum was prepared from the sludge
Biomass collected from local steel industry’s wastewater treatment plant. The effects of different input parameters

such as Vy,/V; ratio, superficial air velocities, and initial concentration of sulphate in synthetic wastewater
on the output sulphate concentration were studied. Temperature of 30-32 °C and pH of 8.3-8.8 were
maintained throughout the degradation studies. The reactor was operated in semi-batch recirculation
mode with superficial water velocity of 0.0021 m/s. Sulphate concentration was measured by turbidity
method using UV spectrophotometer at 420 nm which is as per APHA standards. The maximum removal
efficiency of sulphate was found to be 72-75% which was achieved at a V},/V; ratio of 0.380 and the super-
ficial gas velocity of 0.0085 m/s observed at a time of 40 h. Higher sulphate reduction was not achieved
due to presence of more inorganic salts in the synthetic wastewater. At higher initial sulphate concentra-
tion, reactor operational difficulties were observed.

© 2019 Elsevier Ltd. All rights reserved.

Selection and Peer-review under responsibility of the scientific committee of the 2nd International Con-
ference on Processing and Characterization of Materials.

Superficial gas velocity

1. Introduction effluent discharged to the environment they can increase the acid-

ity nature of the soil and water bodies. The maximum limit of sul-

Wastewaters containing high concentration of sulphate are
generally produced from various industrial sources like pulp and
paper industries, detergent manufacturing units, construction,
waste leachate, and food processing units [1]. Sulphate can also
be released naturally from acid mine drainage (AMD) wastewater
which also contain high concentration of heavy metals [2]. This
higher concentration of sulphate and heavy metals causes serious
environmental problem like acid rain and corrosion in the drain
pipes or public water supply lines. Also, when sulphate wastewater
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phate concentration in water for human consumption is not to
exceed by 250 mg/l as per U.S. EPA 2001. So, sulphate laden
wastewater required proper treatment before it can be discharged
to the environment.

There are many methods available for the treatment of these
wastewaters like precipitation, membrane separation, ion-
exchange [3], electrochemical reduction [4], activated carbon
treatment [5], and bio-sorption [6]. The removal efficiencies of
these methods depend on the concentration of sulphate in
wastewater, pH, and the acceptable limit set by the government
agencies. These methods are generally expensive and less efficient
in degradation of high concentration of sulphate. So, various

Selection and Peer-review under responsibility of the scientific committee of the 2nd International Conference on Processing and Characterization of Materials.
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ABSTRACT

The present investigation aims at evaluating the effect of fly ash addition on coating characteristics of
pure red mud. Plasma sprayed coatings composed of red mud and a varying percentage of fly ash on
mild steel were considered for the study. Coating technologies have already gained a promising
momentum for the creation of emerging materials in the last few decades. Plasma spraying technique
was used with varying levels of power namely 6, 9, 12 and 15 kW. Plasma spray is one of the most
widely used techniques involved in surface modification by improvement of wear resistance, which
may affirm the great versatility and its application to a wide spectrum of materials. Investigations of
the coatings focused on ftribological properties like sliding wear behaviour, wear morphology, wear
mechanism and frictional force. Different coating characteristics like surface morphology, hardness,
porosity, thickness and new phase formation are studied. The sustainability of these coatings towards
high temperature at air environment up to 1000°C is evaluated by finding their adhesion strength.
DSC and TGA techniques are implemented to observe the coating behaviour to heat. The coatings
show remarkable resistance towards high temperature by virtue of adhesion strength compensation. It
is feasible to use these coatings limiting < 800°C otherwise dislodging of coating from metal. Fly ash
with 10, 20 and 50% by weight was mixed with red mud and sliding wear test performed using a pin
on disc wear test machine. The wear test was performed for sliding distance up to 942 m with track
diameter of 100 mm and at a sliding speed of 100 rpm (0.523 m/s); applying a normal load of 10 N for
a maximum duration of 30 minutes. The variation of wear rate and frictional force with that of sliding
distance and time has been presented. The addition of fly ash with red mud reduces the wear rate by
enhancing the coating property. But the optimum percentages of fly ash required for better coating
material still impact a question mark for the researchers. It is observed that for the early stage the
wear rate increases slowly and then rises drastically with sliding distance for all coating type and
finally becomes stagnant. Operating power level proved to be the remarkable variable for different
coating property. In our observation the coatings wear resistance (reverse of wear rate) decreases
until an optimum value at 12 kW, afterwards indicating some other dominating parameters. Significant
wear resistance was visible with the addition of fly ash due to an increase in bond strength and dense
film at the interface. Wear rate decreases with operating power up to 12 kW, thereafter increases with
initiating other dominating parameters. The present study concludes that, red mud coatings possess
acceptable thermal properties. Fly ash is a beneficiary reinforcing agent for red mud, and the
composite can be coat able with favoring surface properties. These coatings can be operated at high
temperature. It is observed that, these composite coatings can also be employed for suitable
trbological applications. Plasma generating power, adversely affect the coating morphology. Our work
is a portfolio for researcher to discover many other aspects of red mud and its composite coatings.
Study of corrosion wear behaviour may be implemented by future investigators to find its distinct
application areas.

Keywords: Red mud; fly ash; plasma coating; bond strength; thermal stability; sliding wear; wear
mechanism.
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ABSTRACT

The present research focuses to evaluate a complete outlook of virgin high density polyethylene
(HDPE) and polypropylene (PP) polyblends. Virgin PP of 10, 20, 30, 40 and 50 weight % is
compounded with virgin HDPE. Tensile, Flexural and impact test specimens of virgin HDPE, Virgin PP
and HDPE-PP composites are prepared via twin screw extruder and injection moulding methods as
per ASTM D638-02a (Type-l), ASTM D790 and ASTM D256-A standards respectively. The
mechanical properties like tensile strength, flexural strength, Izod impact strength are examined.
Polymer sheets are fabricated using a two roll milling machine and compression moulding; and its
electrical properties like dielectric strength, surface resistivity, volume resistivity are examined
according to ASTM-D 257 standard. The study also includes effect of strain rate on tensile properties
of the prepared composite at a cross head speed of 30, 40, 50, 60 and 70 mm/min. Design of
experiment is conducted to find parameters dominating the tensile strength. All experiments are
carried out at room temperature of 23°C and absolute humidity of 54%. Scanning electron microscopy
(SEM), Atomic force microscopy (AFM) and polarised light microscopy (PLM) are used to observe the
surface and crystal morphology. X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR) tests verify the non compatibility of both polymers. Differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA) techniques are used to study the thermal behaviour of composites.
The results manifest dielectric strength and volume resistivity decreases with addition of PP to HDPE;
whereas surface resistivity increases. Co-occurring spherulites are seen for polyblends; indicating the
composite to be a physical blend of continuous and dispersed phases, but on the other hand PP
improves the tensile and flexural properties of HDPE.

Keywords: High density poly ethylene (HDPE); Polypropylene (PP); polyblends; mechanical; thermal;
crystallization; electrical properties; strain rate.

1. INTRODUCTION

Polymer composite is material of research in modern days. Thermoplastic polymers are of great
interest due to their technical and commercial importance [1]. In general two or more polymers are
melt blended to form a product as polyblends [2-5]. The component percentages are the primary
factor influencing their physical properties [6]. The manufacturing technique and operating conditions
are second governing factor.

Among the thermoplastic polymers; PP possess good mechanical strength. In addition it has high
chemical resistance, low cost and easy to manufacture. PP has wide application in automobile spare
parts and as well as container [7]. HDPE is known for its large strength to density ratio due to its little
branching .HDPE unlike PP cannot withstand normally required autoclaving conditions [8-13].
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