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Evaluation on alternative jet fuels application and their impact on airport environmental charges
S. N. M. Mohd Yunos, M. F. Abdul Ghafir and A. Ab Wahab

Air transportation continues to arow positively over the vears. and the arowth is accompanied by the increase in
aviation's environmental impact, particularly the pollutant emissions. Alternative jet fuels have been introduced as a
substitute with the aim to reduce the emissions as well as the industry’s high dependency on conventional jet fuel. In
this study, the application of alternative jet fuel, specifically Bio-SPK from jatropha and camelina, as well as their blends
have been evaiuated in terms of their impact towards engine performance and the environment. Further evaluations
have been emphasized on environmental performance at landing and take-off cycle. The potential benefit of using
alternative jet fuels in terms of aircraft emission charges is also discussed.
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Finite element analysis of user-centred bicycle helmet design

Helmy Mustafa, Toh Yen Pang, Thierry Perret-Ellena and Aleksandar Subic

Qir-unln knlwv.b ,- [t ledal al
universal model that can ﬁt al 5|zes through adjustable elmet strap However, numerous surveys a
wearing helmet is not comfortable and the current sizing did not accommodate the range of the user, This is due to the
rollactive renort of human anthronometric data that the human head ne and dimencinn are diffarent :u‘r‘nrfhnn tn
ethnic groups, age and gender. This paper describes impact attenuatlon of user-centred design approach of bucycle
helmet in accordance to AS/NZS 2063:2008, Australian/ New Zealand Standard for bicycle helmet using validated
cimulatinn madal of dran imnact teet The nhisctive of thic naner i< tn inuactinate the offert nf rhanginn the chane of
the liner to improve fit of bxcycle helmet, hence the user-centred design approach on the impact attenuation properties
of the helmet. Head scans of 5 participants were taken using Artec3D portable scanner, while bicycle helmets and J
head form were scanned using Flexscan 3D scanning eauinment. A customized helmet desion based on the shape of
each participant was developed and tested using validated drop impact simulation model at front, top and side impact
locations. The thickness and peak linear acceleration of original helmet and customized user-centered helmets were also
measured. The results revealed that the user-centered helmet recorded different PLA value compared to the original
helmet because liner dimension and thickness was changed to accommodate the head shape of the participants. The
finding of this study suggests that the PLA of the helmet depends on the helmet liner thickness. It was also found that
generally changing the liner thickness to employ user-centered helmet design would alter the impact performance of
the heimet.

Full Text

ol

B

Author (s):

Abstract:

igh speed sieei (H55) work roiis

Ghopa, M, Faiz Md Din, Ahmad Muhammad Aziz and

oeniavior on oxidised ©

Wan Fathul Hakim W. Zamri, B. Kosasih, K

Qiti Fatimah Haecan

A siff

ey, Wan Aizon W;

In this paper, a combined FE simulation and scratch experiments approach was used to simulate the contact established
between a high-speed steel (HSS) work roll and a hot strip material in hot rolling, in which the top layer and the
substiale represented the HSS roii and the tip of the indenter represented a particie oim oxide scaie formed on tie
strip steel. This work focused on the contact behavior of the oxide scale in the roll bite during hot rolling. The coefficient
of friction during the simuiation tests was recorded. it was found that the evolution of the coefficient of friction could be
divided o TWO Stages willch are incubation period and slalichaly pPefiod. AsscCiated With ihie evoiution of e
coefficient of friction, the deformation behavior and the displacement at the cross section were characterized to study
the tnbologlca| behavior of oxide scale in contacts The resuits indicated that the deformatlon and wear mechanism of
vxive igyer sutige vai ¥ b difiereni deplis of penelralivi, AL the peoaetiction depilh Z pog, e uxide scaie on the pin
surface is significantly deformed. At the stage 3.2 pm and 4 pm, which the coefficient of friction is stable, the maximum
von Mlses are significantly higher than the yield stress of the oxide layer (sy = 7 GPa) so that high plastic deformation
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Mobile phones and batteries have relatively short life cycle and quickly seen as outdated by consumers, especially
teenagers. It is not easy to dispose or discard in everywhere because mobile phones and battery have a range of

hozardous and pregious metals which are load, roppor and nrocious mntale cush o ae ’"\u siver, aluminum, coppor and
ajaie fatalada

others. This study was to investigate the rate of solution hazardous metals and from PCB mobile phone and batteries
using hydrometallurgical methods. Hydrometaliurgical method is the method used by the process of dissolution of metal
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TIME BASE FIRING PULSE DELAY CONTROL FOR IMPROVING
SINGLE PHASE INDUCTION MOTOR SPEED PERFORMANCE
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USING ruzZzZY LOGIC CONTROL

Dirman Hanafi', Mohd Azkar Sidik', Mirza Zoni* and Hidayat®
! Advanced Mechatronic Research Group, Faculty of Electrical and Electronic Engineering,
Universiti Tun Hussein Onn Malaysia, Batu Pahat, Johor, Malaysia
*Electrical Engineering Department, Faculty of Industrial Technology, Universitas Bung Hatta, Padang, Inidonesia
E-Mail: dirman@uthm.edu.mv

ABSTRACT

This paper focuses on the fuzzy logic controller design for improving the single phase induction motor speed
control performance. The controller strategy is done through phase angle control method. The phase angle is controlled by
controlling the time base firing pulse angle delay of the triac. Based on experimental results, the fuzzy logic controller is a
suitable controller to improve the single phase induction motor speed because it able to reduce the rise time. settling time.
peak time and overshoot response to 0.10s, 0.17s, 0.29s and 0.09 % OS respectively. Then compares with the Proportional
Integral Derivative (PID) controller responses, the fuzzy logic controller responses are better with the rise time (Tr), the
settling time (Ts), the peak time (Tp) and the overshoot (% OS) are 0.08s, 0.08s, 0.05s and 0.004% smaller than PID

controller.

Keywords: single phase induction motor speed control, fuzzy logic controller, time base firing pulse delay.

INTRODUCTION

Single phase A.C supply plays important roles in
electrical usage because it is commonly used for general
electrical purpose in domestic or commercial applications
where three phase power supply is not available. Based on
s supply, singiec phase 1nduclion moiors DECulie une ol
the most widely used for numerous domestic and
industrial applications like home appliances, industrial
control system, and automation because of their it offer
lower maintenance, reliable and smaller motor size. Single
phase induction motor has been covered most servo

nr\v\]|n\f1f\n in vrabkaticro
appailan i ISSCACS,

devices.

Normally, it has two winding, main and auxiliary.
An auxiliary winding has more turns than main winding
(Yo, 2000). Traditional single phase induction motor run
directly from AC voltage supply at one speed only. The
improvement in ac motor control enable the speed of
single phase induction motor to be run on variable speed,
which can reduce power consumption, acoustic noise and
mechanical vibration. The critical aspect in AC motoris
the role of the researcher or engineer to control the speed
of an AC motor that being used. Traditionally, the AC
motor is controlled by two classical strategies, vector
control and torque control. Vector control and direct
torque control are the two classical strategies to control
synchronization and asynchronous of induction motor
(Shenand Dai, 2010).

As mantion previous, the single phase induction
motor is widely use in our daily application because of
thewr abilily (o operdfe Irom a smgie phase power supply.
Since it is impossible to reliably operate at unstable range,
simple voltage control (open loop control) is limited to
controlling in a narrow range. The speed of the single
phase AC induction motor can be adjusted either by
applying the proper supply voltage amplitude and

machina !r\r\'n and naogitioning
mac 25 QnG posiigtning

frequency (called volts per hertz) or by the changing of
supply voltage amplitude with constant frequency (slip
control) (Stekl, 2003). To make it is possible to operate
reliably even in the unstable range, it is necessary to detect
the rotational speed of the motor and use a voltage control
mechianisii (Closed 100p coiiroly tial reduces (ic specd
error when compared to a set value (Shirataha, 2015).

The speed of induction motor can be control by
controlling the voltage applied to the stator voltage. With
the enhanced technology in power electronics, a number of
semiconductor devices have been introduced in voltage

contrnl nv\v\llnr\"vnn The uae of solid atate comnonents Hiln
CDIXCs QPPa=1CauChn. 208 VST 82 58 a1t COImPCRanis g

the triac for the control of ac drives have been widely used
in recent years for several industrial and home applications
(Emenike, et al., 2011). The voltage applied to the stator
winding of the single phase induction motor can be control
to achieve the desired speed by controlling the firing angle
of the triac that are used in this work.

For efficient control strategies, the speed of the
single phase induction motors need to be controlled
properly. The stator voltage controller is needed in order
to control the speed. It is because the voltage is directly
proportional to the motor speed. For this reason, the phase
control technique can be applied for single phase induction
motor control. In this technique, a power device known as
triac can be used. Triac is a power electronics device
which conduct based on the gate pulses it receive rather
than the supply voltage (Chee-Hoe, et al., 2013). Triac is
connected in series with the motor, and hence by
controlling the gate pulse of the Triac, the speed of the
mducuon motor 18 controfied smoothly and efrecavery
with less power consumption (Kumar, et al., 2013).

Mostly, for closed loop system, conventional or
intelligent control techniques were used to provide signal
to the firing angle circuit (Emenike, ef al., 2011). As the
advancement of the technology, the use of intelligent

oz
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Dongale et al. (2012) presented the
uupk\.ulvutauuu Uf uic \,uujl'.luuux uua\.d oii DID and Fuzzy
Logic strategies. The controllers are applied to control
three phase induction motor. The fuzzy logic control type
used in this work is mamdani. The two controllers are
simulated using Matlab software. The results shows fuzzy
logic control produced better performance.

Mahamed RPomoden @f gk (2014 pronased the
fuzzy logic controller (FLC) to control the speed of a
permanent magnet DC motor via a configuration of H-
Bridge. The fuzzy logic controller is implemented using
Field Programmable Gate Array (FPGA) circuit and the
responses are compared with the conventional
pronortional-integral (PI) controller. The results show that
the PI controller performances in the lack of smooth
transition between the required speed and the present of
overshoot and higher rise time. For the FLC controller,
less oscillation, zeros overshoot and less rise time. It
means performances of the fuzzy logic controller is better
than PI controller.

Mallesham (2007) applied the fuzzy logic
controller to control the speed of the electrical machine
which is for DC motor and AC motor. In this work, the
fuzzy logic controller is designed based on proportional,
derivatives and integral fuzzy reasoning. The performance
of the fuzzy logic controller is evaluated by simulating
using the MATLAB Simulink and the result shows that the
proposed controller able to improve the speed control
performance of the electric machine.

TRIAC

The triac is a power electronics device that are
usually use for ac switching applications because it ability
to control the current flow over both halves of an
alternating cycle. Several schemes of motor control
especially single phase motors are available however the
triac control still remains a cheap and an easy method of
implementing speed control for many applications
(Emenike, et al, 2011).

The main advantage of triac is the device can be
used to control the current switching on both halves of an
alternating waveform and allows much better power
utilization. However the triac is not suitable for some high

Anemala oom
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Figure-1 shows the triac symbol for circuit diagram.
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Figure-1. Triac symbol for circuit diagram.

The triac applications are ranging from light
dimmers through to various forms of AC control. The triac
is driven to change the trigger phase angle for ac voltage,

radncina the gmaad by radnoina DMC valtnos (C-nnnv and
D4 G2 SpSSl OF TGl Y

Guy, 2005).

PID CONTROLLER :

The most commoniy used algorithm for
controller design is Proportional-Integral Derivative (PID)
and it is most widelv used controller in the industrvy
(Hanafi, 2010). It is a closed loop controller. The working
principle of PID controller is done by calculating the
processed measured value and the desired reference point.
The objective of the controller is to minimize the error by
changing the inputs of the system. The PID Controller
block diagram is shown by Figure-2.
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Figure-2. Block diagram of PID controller.

There are 3 parameters for the PID controller
measurement which are called the proportional, integral
and derivative. The control mechanism such as speed
control of a motor is contributed by the summation of the
three parts in which P value depend upon current error; I
on the accumulation of the previous error and D predict
the future error based on current rate change. The output
of the controi system is given by

7516
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de (t)

C(s) = Kp.e(t) + Ki.[e(t) + Kd. e))
Based on the equation above, the effect of
increasing parameters KP, KI and KD can be explained in
Table-1. PID controller has all the necessary dynamics:
fast reaction on change of the controller input (D mode),
increase in control signal to lead error towards zero (I
mode) and suitable action inside control error area to
eliminate oscillations (P mode) (Rao and Mishra, 2014).

FUZZY LOGIC CONTROL

Fuzzy Logic was proposed for the first time by
LotfiZadeh in 1965. The fuzzy logic controller is the most
efficient controller as it handles non linearity and it
independent of plant model (Satyanarayana and Srujana,
2GiZ). It has four main componenis; they are ruic vase, uie
inference mechanism, the fuzzification and the
defuzzification (Passino, and Yurkovich, 1998).

Fuzzy logic control is easily designed and
developed by combining the theoretical infrastructure of
the fuzzy logic and real world based control problems.

e tirma Af imtallicant cantenl avrcfsme allaee anlurine
2 R0 ajpe Ui adstaaagedss CULRIUR Sy owiRs LaxUhvo GUsviag

control problems via more accurate, effective and efficient
logical and mathematical approaches (Kose, 2012).
Figure-3 shows a typical fuzzy control system schema
(Liu and Abonyi, 2005).

uifi o
A

Figure-3. A typical fuzzy control system schema.

Generating the rules for fuzzy control system is
often the most difficult step in the design process. It
usually requires some expert knowledge of the plant
P . g MThin Veemereladan anaald e 2 o faveoae ol La
ujnauupa. ER VIt i\liUVVi'\'HE& VUG UL il Wi ividii Ui il
intuitive understanding gained from experimenting, or it
could come from a plant model which is then used in a
computer simulation (Hanafi, 2013).

SISTEM DESIGN

In thic waork the fuzzv logic controller s
designed to improve the speed conturol performance of
single phase induction motor (SPIM). The fuzzy logic
controller controlled the firing pulse delay () of the triac.

A. System architecture

Figure4 illustrates the overall system of the
single phase induction motor speed control using fuzzy
iugu. UUiliﬂU};Cﬂ. T:ii} avida; HEULUL DPCU(; i’b UUJUP&XKUJ Wj-dj
the reference speed of the single phase induction motor.
The input of the fuzzy logic controller is the error (e) and
change of error (ce) and the output of the fuzzy logic
controller is the time base firing pulse delay (o).

- | —_— I ] ' I * Matar
Reference [ trorfe) | e Speed
Spead Fuzmy Logic Single Phase

Charue of Coitioler Triac Firing Pulse Induction >
Motor

Error (ce

fosdhark L

Figure-4. Block diagram overall the single phase
induction motor speed control using fuzzy
logic controller.

R Dacion of fuzew lamric contrallon

Based on Figure-3, the fuzzy logic controller is
composed based on 4 elements which are the
Fuzzification, Rule Base, Fuzzy Inference System and

Defuzzification.

a) Define input and output variables

The input variables of the fuzzv logic controller
for this purpose are the error (e) and the change of errvor
(ce). The output variable is the firing pulse delay (o). The
error (e) variable is determined by the difference between
the reference speed (w ref) and the actual speed of the
motor (@_act ). The change of error (ce) or the rate change
of error variable contributes to the inference mechanism
by providing the information about the change of the
single phase inductionmotor speed. The value of the
change of error (ce) is measured by the difference between
the previous error and the current error. The error (e) and
the change of error (ce) are given by:

e(k) = w,nr (k) = w,r (k) (2)
ce(k) =e(k) —e(k —1) 3)

b) Membership function and linguistic variables

The second step in the fuzzy logic control is the
fuzzification process to convert crisp input into degree of
membership for linguistic terms of fuzzy sets.

The fuzzy sets and linguistic terms for error,
change of error and firing angle delay are elaborated in the
following table.
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Table-1.Input variable error.

Linguistic value Notation Range MF
. . {-2800 -2000 -1500 - ] .
Negative Big NB 1000] Trapezoidal
Negative Medium NM [-1500 -1000 -500] Triangular
) Negative Small NS [-10060 -500 0] Triangular
Zero Z [-500 0 500] Triangular
Posiuve Smail PS [0 500 1000j] Triangular
Positive Medium PM [500 1000 1500] Triangular
Positive Big PB [1000 1500 2000 2000] Trapezoidal
Table-2. Input variable change of error.
Linguistic value Notation Range MF
Negative Big NB [=k2e0 _]728(]) =123« Trapezoidal
Negative Medium NM [-1125 -750 -375] Triangular
Negative Small NS [-750 -375 0] Trangular
Zero Z; [-375 0 375] Triangular
Positive Small PS [0 375 750]] Triangular
Positive Medium PM [375 750 1125] Triangular
Positive Big PB [750 1125 1500 1500] Trapezoidal
Table-3. Output variable firing pulse delay.
Linguistic value Notation Range MF
Positive Big PB [0 0 0.0015] Triangular
Positive Medium PM 0 0.0015 0.0031 Triangular
Positive Small PS [0.0015 0.003 0.0045] Triangular
Zero Z [0.003 0.0045 0.006) Triangular
Negative Small NS [0.0045 0.006 0.0075] Triangular
Negative Medium NM [0.006 0.0075 0.0097] Triangular
Negative Big NB [0.0075 0.009 0.009] Trapezoidal ]

¢) Rule base for the fuzzy logic controller
Rule based is a set of rules that used in fuzzy
inference process to evaluate the input and decide the

output. The tabulation of the fuzzy logic control rules
develop in this works are as in table below.

~J
Ui
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Table-4. Triangular membership function for output variable

CZ NB NM NS z PS PM | PB
NB NB NB NM NM NS NS | ZE
NM | NB NM NM NS NS 7E PS
NS | NM NM NS NS ZE PS PS

NM NS NS 7E PS PS | PM

PS NS NS ZE PS PS PM PM
PM | NS ZE PS PS PM PM | PB
PB ZE PS PS PM PM PB | PB

d) Defuzzification method

The last process is fuzzification, where the
inference process output is converted again into crisp. One
of the well-known method is a centre of area (CoA) and
represented as

Zk:o xpp(xy)
C ==
OA Zk_o ”-(xk) (4)

X) = value in universe of discourse
u(x,) = degree of membership related with x;,

C. Implementation of the fuzzy logic controller model

The Simuilnk biock diagram of the Tuzzy iogic
controller to control the speed of the single phase
inductioi i1i0tor speed by controiling tie firing angie deiay
of triac is illustrated by Figure-5.

Figure-5. Fuzzy logic controller model in Simulink.

a) Firing pulse subsystem

The oneration of the triac i< hacically related on
the firing pulse delay that connected to the triac gate.
When the nilse is enahled. the current will flow throngh
the triac and the single phase induction motor. The stator
voltage valie is reduced hy increase the delav of the triac
angle pulse. Figure-6 illustrate the Simulink model of the

firing pulse delav suhsvstem of this nroiect.

T

Puise
o o
— i —{PhaseDioiay
D___._‘ | TRIAC Finng Angie
i
i
i
-

a,i[_—}i
‘ Songes
T |

i FQ‘—‘T—'-‘::-I‘M-%
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Tazer

Figure-6. Triac firing pulse subsystem.

The subsystem model to generate the required
time base pulse angle to the triac gate to control the

voltage input of the single phase induction motor is shown

b Tionien 7
Sy TIgnis

PhaseDelay

:@ﬁ E}_'—" )

Figure-7. Pulse generating model.

b) Single phase induction motor and triac circuit
connection.
The connection circuit between triac and the
single phase induction motor is represented by Figure-8.

Thimviren @ 5 v-vwn' v\‘r - w-lnl for cinnla mhoos indnntion

SE & "aF: :FRiiEieiiir A IRIRFRISIE AL GALIZAL priiao A HA

motor with triac.
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in this test are described in table below.

Table-5. Single phase induction motor parameters.

Parameter Value
Reference Speed (Wrer 150U rpm
Power 0.25 HP
Voltage Supply (Vns) 240V
Frequency 50 Hz
Stator Resistance, Rs 2.02 Ohm
Stator Inductance, Ls 7.4 mH
Rotor Resistance, Rr 4.02 Ohm
Rotor Inductance, Lr 5.6 mH
Main winding mutual inductance 0.1772 H
Auxiliary winding resistance, RS 4.12 Ohm
Auxiliary winding inductance, LS 8.5 mH

RESULT AND ANALYSIS
The two controllers are used in experiments
based on the single phase induction motor data previous.

The speed reference for the single phase induction motor

is 1500 rpm. The best firing pulse time delay and each
controller responses are as Figure below:

Violage Cutput (V]

i PHQHH%‘F

50
1]
g Tfiacfimf«nﬂel)eb;
T ¥ ' T v T T
ﬂﬂ (0] 602 o3 504 o0& filiey a0 ans i

Figure-9. The best firing pulse time delay for triac gate.
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Figure-10. The PID controller best response.
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Figure-11. The fuzzy logic controller best response.

The comparison of the two controller’s responses
parameters are elaborated in below.

Table-6. Comparison between PID Control and Fuzzy
Logic Control response parameters.

Parameter PID FLC Differences
Rise Time 0.18s 0.10s 0.08s
Settling Time 075s 0.17¢ N.NRe
Peak Time 0.34s 0.29s 0.05
Percent Overshoot | 0.1% | 0.096 % 0.004%

Based on data in Table-6 above, the fuzzy logic
controller gives better performance than PID controller.
The fuzzy logic controller has faster rise time and settling
time and also lower overshoot.

CONCLUSIONS

From the experiments show that the fuzzy logic
controller produced better response than the PID
controller. The fuzzy logic controller gives shorter rise
time (T_r), settling time (T_s), peak time (T_p) and lower
overshoot (% OS), they are 0.08s, 0.08s, 0.05 and 0.004 %
respectively. Therefore, the proposed fuzzy logic
controller is a suitable controller for single phase induction
motor.
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