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Abstract. The main objectives of the study are todevelop a brushless direct current (BLDC) motor drive
system with enhanced efficiency, reliability, and cost-effectiveness for electric vehicle (EV)
applications. The proposed system integrates an advanced interleaved Landsman converter and an
optimized Proportional-Integral (PI) controller for efficient energy management and motor control. In
order to achieve the set goals, the following tasks were accomplished: The scientific novelty of this work
lies in the design of a novel interleaved Landsman converter along with Class Topper Optimization
(CTO) algorithm. The converter is designed to optimize power conversion from photovoltaic (PV)
sources to the energy required for the BLDC motor; the algorithm is implemented to hyper-tune the PI
controller for precise and rapid response; a bidirectional converter was employed to manage the charging
and discharging of the battery system, ensuring adequate power distribution during peak demands; and
a single-phase voltage source inverter (VSI) was utilized for DC-AC conversion to drive the BLDC
motor. The system was tested in MATLAB/Simulink to evaluate its performance. The most important
results are the achievement of high voltage conversion efficiency of 97.42%, a minimized settling time
of 0.1 seconds, and rapid convergence speed, which collectively demonstrate the system's ability to
provide reliable and efficient operation for EV propulsion. The significance of obtained results is the
potential to revolutionize EV motor drive systems by offering an innovative, highly efficient, and
scalable solution. This system not only enhances energy utilization and motor performance but also
supports the widespread adoption of sustainable EV technology.
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Convertor Landsman intercalat cu control PI optimizat Class Topper in motorul BLDC fira senzori
pentru vehicule electrice
ISures V., Kisore R.D., 2Jahnavi V.G., '"Manjula D., 2Lokes M.
"Universitatea Globald Godavari, Rajahmundry, India
2 Institutul de Inginerie si Tehnologie Godavari, Rajahmundry, India.

Abstract. Obiectivele principale ale studiului sunt dezvoltarea unui sistem de actionare cu motor fara perii de
curent continuu (BLDC) cu eficienta, fiabilitate si rentabilitate Tmbunatatite pentru aplicatiile vehiculelor electrice
(EV). Sistemul propus integreaza un convertor Landsman intercalat avansat si un controler Proportional-Integral
(PI) optimizat pentru gestionarea eficientd a energiei si controlul motorului. Pentru a atinge obiectivele stabilite,
au fost Indeplinite urmatoarele sarcini: Noutatea stiintifica a acestei lucrari consta In proiectarea unui nou convertor
Landsman intercalat impreuna cu algoritmul Class Topper Optimization (CTO). Convertorul este proiectat pentru
a optimiza conversia puterii de la sursele fotovoltaice (PV) la energia necesara pentru motorul BLDC; algoritmul
este implementat pentru a regla hipercontrolerul PI pentru un raspuns precis si rapid; a fost folosit un convertor
bidirectional pentru a gestiona incércarea si descarcarea sistemului de baterii, asigurand o distributie adecvata a
energiei in timpul solicitarilor de varf; si un invertor de sursa de tensiune monofazat (VSI) a fost utilizat pentru
conversia DC-AC pentru a conduce motorul BLDC. Sistemul a fost testat in MATLAB/Simulink pentru a-si evalua
performanta. Cele mai importante rezultate sunt obtinerea unei eficiente de conversie de inalta tensiune de 97,42%,
un timp de asezare minim de 0,1 secunde si viteza de convergentd rapida, care demonstreazd in mod colectiv
capacitatea sistemului de a oferi o functionare fiabila si eficientd pentru propulsia EV. Semnificatia rezultatelor
obtinute este potentialul de a revolutiona sistemele de actionare a motoarelor EV, oferind o solutie inovatoare,
extrem de eficientd si scalabild. Acest sistem nu numai ca Imbunatiteste utilizarea energiei si performanta
motorului, dar sustine si adoptarea pe scara larga a tehnologiei EV sustenabile.
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IIpeoGpazoBaTesans Landsman ¢ yepenosanuem (a3 u ontumuznposanHbiM [N -peryasitopom kiacca
Topper B 6eccencopuom npusoje apurartenss BLDC ans snekrpomoouis
ICypewm B., "Kumope P.JI., 2 Kaxuasu B.T"., 2Mamnskya JI., 2Jlokem M.
!Godavari Global University, Pamxamannpu
2Godavari Institute of Engineering and Technology
Pamxamannpu, Unaus

Annomayun. OCHOBHBIMH LEIAMHU HCCIEIOBAHUS SBIAIOTCA pa3paboTKa CHUCTEMBI MpPHUBOJAA OECIIETOYHOTO
neuratenss moctosaHoro Toka (BLDC) ¢ moBbimeHHOW 3¢ (EKTHBHOCTBHIO, HAJEKHOCTBIO M IKOHOMUYECKOM
s¢¢dexTuBHOCTRIO Ui mpuMeHeHHs B snekTpomodmwrix (EV). Ilpemmaraemas cucrema oOBeAnHSET
YCOBEPILCHCTBOBAaHHBIH  MpeoOpa3zoBarenb  Landsman ¢ uyepegoBaHHEM W ONTUMHM3MPOBAHHBIN
npornopuroHansHo-uHTerpansHblid (ITM) xonTpomep st 3¢ dexkTHBHOTO ynpaBlieHHs] SHEPTUEH U YIPaBICHHS
naBurareneM. [ JOCTH)KEHHS ITOCTAaBICHHBIX LeJIeii ObIIM BHIIOJNHEHBI ClIeylolue 3a1aun: HayuHas HoOBH3HA
9TOi paboThl 3aKiio4aeTcs B pa3pabOTKe HOBOro mnpeoOpasopartenst Landsman c depenoBaHHeM BMecTe C
anroputMoM ontumusaiuu  kiacca Topper (CTO). IlpeoOpa3zoBaTens MpeAHA3HAYEH Il ONTHMH3AIMU
npeoOpa3oBaHus SHepruu oT poroanexTpuueckux (PV) HCTOYHHKOB B SHEPrHI0, HEOOXOJUMYIO JUIS JIBUTATEIIS
BLDC; anroputm peanu3oBaH Iuid runepHacTpoiiku [1-koHTposutepa Uit TOYHOTO U OBICTPOTO pearnpoBaHHUS;
JBYHAIIPaBJICHHBIA MpPeoOpa30BaTeNlb HCIIONB30BANCA IS YIPABICHUS 3apsIKodl H pa3psagKkod CHUCTEMBI
aKKyMYJLITOPHBIX OaTapeii, o0ecreunBas aiekKBaTHOE paclpeieIiecHHe MOITHOCTH BO BPeMsI TUKOBBIX HAIPY30K; a
omHo(dasHeni wHBepTop HampspkeHus (VSI) wmcmomp3oBancs ans mpeoOpa3oBaHHSA IIOCTOSHHOTO TOKa B
repeMeHHbIH i yrpasneHus apurateneM BLDC. Cucrema Opuia mpotectupoBada B MATLAB/Simulink ms
OIICHKH €€ TIPOM3BOJAUTEIBHOCTH. Hambolee BaKHBIMH pe3yJIbTaTaMH SIBISIOTCS JTOCTHIKEHHE BBICOKOU
s dexTuBHOCTH TpeobpazoBanus HanpspkeHus 97,42%, MuHUMU3UpOBaHHOE BpeMs ycTaHoBieHus 0,1 cekyHabI
M BBICOKas CKOPOCTb CXOIMMOCTH, KOTOpbIE B COBOKYITHOCTH JEMOHCTPHPYIOT CIIOCOOHOCTH CHCTEMBI
obecreunBaTh HAZACKHYIO U 3 EeKTHBHYIO0 pabOTy A IBIKEHUS dJEKTpOMOOUeil. 3HAYNMOCTh MOTy4EeHHBIX
pe3ynabTaTOB 3aKIIOYaeTcs B IOTCHIMAJIEC PEBONIONMOHU3MPOBATH CHCTEMBl MPUBOJAA DICKTPOMOOHICH,
npejsiaras WHHOBalIMOHHOE, BhICOKOd(dekTHBHOE M MacumTabupyemoe pelieHHe. JTa CHUCTeMa He TOJIBKO
TMOBBIIIAET UCIOJIF30BAHUE SHEPTUH U TPOU3BOAUTEILHOCTD ABUIATENS, HO U MOJICPIKUBAET IIMPOKOE BHEIPEHUE
YCTOMYUBON TEXHOJOTHHU IICKTPOMOOHICH.

Knroueswie cnosa: r3nexrpomodmu, neuratens BLDC, npeobdpaszosatens Interleaved Landsman, CTO, VSI, TTH-
peryisrop.

L. INTRODUCTION continuous output and input currents, but they
also have minimal voltage gains and efficiency.
The characteristics of a Single-Ended Primary-
Inductance Converter (SEPIC) in [12] attains
higher voltage conversion ratios, despite it has
maximize current ripples. In order to attain high
step-up voltage gain and lessen the voltage stress
on switches, the converters introduced in [13]
incorporate the interleaved parallel boost
converter with switched-capacitor and linked
inductor module, however their output current is
not constant and much voltage gain is unable to
attain [14]. Henceforth, The Interleaved
Landsman converter is designed for BLDC motor
driven EV to achieve low output ripple voltage,
high efficiency as well as high power density.
Despite this, the control performance is desirable
for stabilizing the output of converter [15], thus
conventional Optimization approaches are
utilized as shown in Table 1 with its benefits and
challenges.

As of right now, 16.2% of the world's greenhouse
gas emissions come from the transportation
sector, which is mostly dependent on Internal
Combustion Engine (ICE)-based automobiles [1-
2]. Thus, EVs are becoming advanced for
diminshing tailpipe emissions, noise pollution and
maintanence costs compare to ICE vehicles [3]. In
EVs, the usage of BLDC motor is desirable
because of its high dependability, efficiency, low
noise rate, longer operation [4-5]. When motor
driven EVs are fuelled by a significant percentage
of Renewable Energy Sources (RES), minimize
the global warming issues by generating cleaner
energy[6-7]. Among various RES, Solar powered
BLDC motor driven EVs attains environmental
advantages over minimized reliance on fossil
fuels [8]. Nevertheless, since PV has a minimum
output voltage, DC-DC converters are essential to
provide an enhanced and stable voltage output [9].
A converter in [10] provides boost up voltage at
high duty ratios at the expense of efficacy, due to The recently employed optimization
its conduction losses it is unable to provide higher ~ approaches comes with major advantages as well
voltage gain [10]. Cuk converter in [11] have  as drawbacks, thus the proposed work utilized a
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Class Topper Optimization approach by the goal
of overcoming the drawbacks faced by the above

discussed approaches with minimized settling
time and convergence speed.

Table 1

Overview of Traditional Optimization Topologies

Optimization Methodologies

Advantages

Drawbacks

Genetic Alogrithm (GA) [16]

It has high performance in

settling time

Poor convergence speed

Particle Swarm Optimization
[17]

It convergence quickly

It has high overshoot problems

FireFly Algorithm (FFA) [18]

It stabilize the output with
minimized oscillations

Firefly affects from
complexity, computational and
time

It unable to avoid local optima

Black Widow Optimizer It minimizes the overshoot
. and has a slow rate of
(BWO) [19] issues.
convergence
Jellyfish Search Optimizer The complexity and T
(JSO) [20] convergence speed is improved. The settling time is high
Subsequently, following points shows a v" Overall, the proposed concept integrates

foremost contributions of the proposed approach,
novel
Landsman converter for efficient power
conversion, specifically to handle PV

v" Incorporating a

energy source.

controller  improvizes

performance for designed converter by
exhibiting minimized settling time and
improved convergence speed.

Integrating battery with bidirectional
converter allows bidirectional flow of
charging
discharging process of battery.
Employing PI controller for efficient
BLDC motor control,which safeguards the
motor operation at desired speed.

power by ensuring
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II. PROPOSED SYSTEM MODELLING

When developing EVs, the two main factors to
consider are efficiency and cost. Because of its
high efficiency, high flux density per unit space,
and minimal maintenance requirements, BLDC
motors are being used in these applications more
and more. Moreover, to supply energy with
sustainable solutions are crucial, hence the
proposed study develops a novel converter with
optimized technique as shown in Fig. 1 for
providing sustainable power supply.

BLDC
MOTOR

Nrer

Fig. 1. Block diagram of PV based BLDC motor fed EV.
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The supply of low output PV is fed to
Interleaved Landsman converter for stepping up
into the require level of BLDC motor and to
stabilize the output of converter, it is given to
CTO-PI controller. Moreover, the pulses for the
switching operation of developed converter is
obtained by PWM genertor, consequently,
boosted and stabilized output in DC link is deliver
to three phase for DC-AC conversion process.The
signals Vgc(rery denotes the pre-defined setpoint
for the desired voltage whereas V. is the real-
time DC link voltage measured at the converter
output using the voltage sensor. Also,
Ny¢5 represents the desired speed of the BLDC

motor and N, is the real-time speed of the
BLDC motor measured using a speed sensor.
Additionally, the speed of BLDC motor is
efficienly regulated by comparing the reference
speed with acutal,which generates error signal
and gets compensated with the assistance of PI
controller. On the other hand, battery system is
incorporated for storing additional energy when
PV module generates excess power and it supply
power back to BLDC motor during absence of
PV. For managing charging and discharging
process of battery,the bidirectional converter is
utilized. Thereby, BLDC motor driven EV gets
continous power supply with higher performance.

A. Modelling of PV system

The PV module is employed for generating
clean energy by absorbing sunlight and convert
into usable electricity,which is highly suitable for
BLDC motor driven EV. Mostly, single diode
model of PV is used as represents in Fig. 2, which
consists of parallel diode, photo current source,
shunt and series resistors correspondingly.

R
|

I

Ipy
N
=

Ver

Fig. 2. Circuit of single diode PV array.

In the above figure, I, -photocurrent, I;-diode
current,  Rg-series  resistance,  Rgy-shunt
resistance, Ipy-output current, Vpy-output
voltage, R;- load resistance. The arithmetical
model of Fig. 2 is defined by the following
equation (1),
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Ly=1y~I,~1,=1,-1, (e
Vot R PV

Rap

s,

Here, Ipy- output current, [,,-photocurrent, I;-
diode reverse saturation current, I ,-output voltage
across PV cell, n -ideality factor, Rg, Rgy-series
and shunt resistance, [.-current across shunt
resistance, the term V|, denotes the thermal

voltage and is given by the below equation,

T
v, 4T

q

)

Where, T specifies absolute temperature, g

indicates electronic and  k denotes
Boltzmann constant.

In this context, the output of PV varies under
changing weather conditions, thus to stepup into
the required energy for BLDC motor fed EV, the
proposed work introduces a novel Interleaved
Landsman converter,which has the capacity of
boosting the lower output into higher level with
better efficiency and minimized losses as
elabourated below.

charge

B. Modelling of Interleaved Landmsan Converter

The Interleaved Landsman converter emerges
a promising solution for boosting the output
voltage from PV array for optimizing the
performance of BLDC motor driven Evs. The
interleaving technique as represented in Fig. 3
helps to minimize the current ripples on the input
side and voltage ripple on output side. It performs
2 operating modes as shown in Fig. 4 followed by
switching waveform in Fig. 5.

Ly
R —

Fig. 3. Circuit diagram of designed interleaved
Landsman converter.

Mode 1: In this state, switch S,is ON and S,
is in OFF condition, while diode D, is OFF and
D,is ON. The inductors L, and L, are charging

as current flows through it. Simulatenously, L,
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and L, are discharging and the load gets supply
by the capacitor C,,while capacitor C, gets
charge from the inductor current.

Mode 2: Both switches S, and S,are in
magnetized state, while both diodes are in non
conduction L,,L,,L,, L, mode, during this phase
all the inductors are charging as the switches

allows current flow directly over the inductors.
Subsequently, the  C,capacitors andC,

discharges energy to the load as signified in Fig.
4(b).

Mode 3: In this phase, S| is in non-conduction
mode,while S, in ON state, in this, the inductors

L,and L, continue charging,while the Z,and

L, are discharging. In this mode, D, is OFF,
preventing current from flowing through that
path. Capacitor C, begins to charge from the
energy  released by  the  discharging
inductors,while capacitor C, discharges to power
the load.

Mode 4: In the Final Mode, both switches S|
and S,are in OFF state and all the inductors
releases its charged energy. Meanwhile,
capacitors C,and C,are charging as its receive
energy from the discharging inductors. Diodes
D,and D, are in ON condition,allowing current

flow to flow through the converter to continue

powering the load.
c L,

T —

| Sdi
Vpy _-L ! 4 -I%,_ll

" lac

1
Il
— T I

(b)

Vpy "=

.
Vpy "=

(@)

Fig. 4. Modes of operation for developed
interleaved Landsman converter.

-

N
T~

REERS
LM N

Fig. 5. Timing waveform of developed converter
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Here, AIL;, AlL,-current ripple in L; and
L,, A® -change in magnetic flux through
inductor, AV, AV,-voltage ripple across C; and
C,. The current flowing over C, is calculated as,

AVC,

oy = ILl = Cl (1-D)T ®)
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AVC,

—C, =2
Sy (©)

ic, =1,

Here, T denotes the switching period and D
specifies the duty ratio and from the equation (5

and 6), the voltage ripple content in V', and V.,
is calculated as,

1L
AV =—
Cl1 Cl

AV, = 1L,

(1-D)r (7)

—2(1-D)r (8)
2

Thus, the following equation (9 and 10)

derives by substuiting the equations (7-8) into (3-

4,

AIL, = illl—z(l—D)TZ
= 1 ILl(lz_D) (10)
8LC, fsw
_ 1 1,(0-D) -
P O8LC,  fsw
The above equation is standardised as,
AIL -
1 _ 1 (1 5 D) (12)
IL,  8LC, f sw
AIL, 1 O;D) 13)
IL, 8L,C, f“sw
Here, f, =— denotes the switching
frequency, Following equation shows the
relationship over the input and output,
D
IL, =——1, SS 14
1 1—D dc ( )
D
L, =——1 15
2 I—D dc ( )

The output current of Interleaved landsman
converter is stated as [, thus the value of 7L, and

1L, is substuite into equation (11 and 12),which
gives

DI

dc

L =— —"d 16
'8/ %swCAIL, (16)

DI

dc

Ly=—7>—"%—— 17
? 8 fswC,AlIL, ()
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With the aid of developed Interleaved
converter, the satisfactory power supply for
BLDC motor is efficiently delivered. Even
though, the PI controller plays an significant role
for stabilizing the output energy from the
converter, it has to be effectively tuned with the
aid of optimization topology for attaining better
performance, thus the class topper optimization is
estabilized in this study as decribed below.

C. Modelling of Class Topper Optimized PI
Controller

The motivation behind the class topper
optimisation method comes from the school,
where students' learning behaviours are evaluated
based on their knowledge in a class, and they
compete with one another to become the class
topper. The student who ranks highest in the class
is regarded as the most knowledgeable member of
the group. A meta heuristic population-based
approach is used in the class topper optimisation
process. This algorithm achieves global optima
improvement through student learning at every
level.

Class level: The student with the greatest
knowledge in the class is chosen from within the
section, and section toppers compete for the title
of class topper. Meanwhile class toppers have
limited knowledge in schools, it is very tough for
many students to learn from them. Therefore, for
convenience, all section toppers will learn from
class toppers that affects the performance of the
students.

Section (SE) level: A section level is
essentially a group of pupils. The top student in a
section is the most intelligent and well-versed
student in the section compared to the other
students. Depending on ranking, the section
topper may or may not be the class topper. The
section topper will assist in raising pupils'
performance levels in that particular area.

Student Level: A class in a school is divided
into several sections, each of which has a unique
group of learners with varying levels of
intelligence and learning capacities. Based on
their performance in each course, determines their
ranking and is further required for the assessment
of the class topper, each student is given an equal
number of courses. Every student has the chance
to raise their score and do better in this situation;
nevertheless, if they are unable to do so, their prior
score will remain.

Examination: A test evaluation known as an
examination uses a student's performance index or
fitness value to determine how well they done. If
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a student does well on an exam, their fitness value
will be upgraded; if not, the old result will be kept,
and they will have another opportunity to improve
their fitness value. Evaluation is done using the
best performance index value. In terms of the
upcoming exam, student performance increase
since class topper learns from section topper as
well as section topper learns from students in their
specific section, which raises the class topper's
Performances index number. Giving the best
student in the class is the result (optimal solution).

Learning: The process of learning involves
changing one's current conduct and gaining new
knowledge. Not all students will necessarily
exhibit improved behaviour and perform better,
but some will gain new insights and expand their
knowledge by studying the section topper.

The section topper in individual class based on
learning of the student is expressed as,

(S.E+1) __ (S.E)
1 =1y x1 + (18)
cxn, x (STHP pi — S8 pi)
S(S,E+1)pl- — S(S,E)pl-_l_](S,EH) (19)

Here, at E+1"and E" examination , the
enhancement of student knowledge is denoted as

19" an 1P the topper student in section in

E™ examination, the performance index is

specified as ST*"pi. m E+1"and E"
examination, the student performance metrics is
signified as  S®piand S "V pi.  The
flowchart of CTO is provided in Fig. 6.

Section toppers fight with other section
toppers for the title of Class topper, which will
enhance their academic performance and
learning. Section toppers are the best students in
their section. The following equation (21) is
derived based on learning of section topper from
class topper,

7 (SEE+D
1

% II(SE,E)

1, +Cxn X (20)
(CT® pi — STEP pi)

ST SEE+D ST(SE,E)pi+I(SE,E+1)(21)

pL =

Here, the development ok knowledge of ST in
E +1"and E" examination is represented by
II(SE,EH) and II(SE,E) Eth
examination a class topper performamce index is
stated as CT" pi . Section toppper in E + 1" and

Moreover, in

th . . . Ce .
E" examination performance metrics is signified
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as ST piand ST (SE.E+]) i respectively.

Based on this behaviour, the PI controller
effectually gets tuned by providing stabilized
output with rapid settling time as shown in the
Flowchart in Fig. 6. Subsequently, the controlled
output is fed to BLDC driven EV through three
phase VSI that convert DC-AC, following section
explains the modelling of three phase BLDC
motor.

START

|

% INITIALIZE NUMBER OF SECTIONS

% INITIALIZE NUMBER OF STUDENTS

% INITIALIZE PI CONTROLLER PARAMETERS
“» DEFINE PERFORMANCE CRITERIA

*» DEFINE CONSTRAINTS FORK),, K;

|

PERFORMANCE EVALUATION WITH CURRENT PI
PARAMETER

|

CALCULATE PERFORMANCE INDEX FOR EACH
SET OF K, K;(STUDENTS) BASED ON CONTROL
PERFORMANCE

|

FOREACH SECTION EVALUATE THE
PERFORMANCE OF ALL STUDENT PI
PARAMETER SETS

}
CHECK THE PERFORMANCE OF EACH
STUDENTS PIPARAMETERS (K, K;)

|

IF THE
SOLUTIONIS
OBTAINED

1 YES

END

NO

Fig. 6. Flowchart of Class Topper Optimization.

D) Modelling of Three Phase BLDC Motor

The BLDC motor is utilized in EVs
application as it has the advanatge of simple, low
cost and maintanence compared to other motors.
The three-phase VSI shown in Fig. 7 is used to
energize the BLDC motor. Here, Vp. is the
voltage across DC link, V,,,, Vi, Vopr - three phase
voltage outcomes. Fig. 7 depicts an equivalent
BLDC motor circuit. The BLDC mot V' or, which
additionally has symmetrical back trapezoidal
EMF coil windings, uses the permanent magnets
as its rotor magnet.The rotor current is ignored
owing to high resistance value of permanent
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magnets. The BLDC motor trained by the way the
PM and coil interact.

The BLDC motor voltage equations are
expressed as follows,

V,=R,i, -l-iLaia +E, (22)
dt
.ood .
V, =R,i, +d—Lbzb +E, (23)
t
.od .
K? = RL’lC +ELCIC +EC (24)

t

Here, L, = L, = L, = L denotes self inductance,

V., V,,V. specifies per phase stator voltages,

I,,i,,I. specifies per phase stator currents,
E, Ep, E. denotes inducted back emf and R

denotes  per  phase  stator  resistance
correspondingly.
e R L " -
va ANV ’m\ ea
i, R M L
v, @ ANN——T—= &, =
ic M
Ve ® A&v ’ﬁ\ uJ e, —
Fig. 7. Equivalent cirucit of Three phase BLDC
motor.

The expression of the generated back-emf,
which has a trapezoidal shape because of the
permanent magnet straddling the rotor, is as
follows:

d
E, =K, *5(9)*@(0 25)

d 2
E =K *—(0-"2)xa(t
b e*d( 3)*a)r() (26)

t

E, :Ke*di(0+2?ﬂ)*a),(t) (27)

t

PROPORTION

Here, w, as well as K|, states mechanical speed
of rotor and back emf constant, consequent;y, the
following equation defined the electromagnetic
torque,

1 . . .
T =—:(e,i, +e,, +e.i) (28)
a)r
Subsequently, the speed of this motor has to be
regulated, thus PI controller is employed as
discussed follows.

E) Modelling of PI Controller For Speed Control

The PI controller is commonly utilised
because they are simple to change and tweak,
because BLDC motors are multivariate systems,
saturation is conceivable. Speed and current are
frequently regulated with the use of PI controller.
The PI controller as shown in Figure 8, the
proportional and integral processes to produce
output signal and examines discrepancy between
speed feedback signal's real value and its
reference value. Following Equation (30) shows
the PI controller,

v(t) = K e(t) + kT_,, ! e(t)dt (29)

1

Therefore, as seen in Fig. 8, the output signal's
state function is y(¢), whereas regulated input

signal's principal function is e(¢z). A time

constant, proportionality coefficient K ,» and

integral of time constant 7 are the three variables

that are altered. These parameters are often
expressed as coefficients in order to generate the
transfer function as indicates below,

G(s)= K, + ﬁ
S (30)

INTEGRAL

( _>E )——»u o PLANT Y

+

Fig. 8. Schematic configuration of PI controller.
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The PI controller Efficiently manage the speed
of BLDC motor and lessen torque ripple by
solving the of overshoot and stabilization by
generating a more dynamic and responsive
system. Despite this, the battery storage system is
employed for saving surplus energy obtained in
PV after delivering adequate power to three phase
BLDC motor driven EV. Also, charging and
discharging process of battery is handled by
bidirectional converter that ensures bidirectional
power flow when battery needs to charge, it
operates under charging mode and discharge to
DC link when battery gets enough supply.
Subsequently, in the scenarios of PV module
unable to supply BLDC motor, the stored energy
in battery supply power back to motor driven EV,
thereby power management is attained with high
performance.

ITII. RESULTS AND DISCUSSION

The overall proposed system is validated
through MATLAB/Simulink for showing the
significance of converter and optimized PI
controller based BLDC motor driven EV. Based
on the obtained findings, it is compared with the
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recently developed converters and optimization
appraoches in terms of efficiency, settling time
and convergence speed as dicussed in below.
Additionally, proposed system parameter
specification is tabulated in Table 2. Fig. 9
denotes the simulation set up of the proposed
work.

Table 2
Parameter Specification
Parameter | Specification
PV System
Rated Power 10kW
No.of Panels in Parallel 16
Open Circuit Voltage 37.25V
Cell linked in Series 36
No.of Panels in series 2
Short Circuit Current 8.954
Modified Luo Converter
Li,Ly, L3, Ly 4.7mH
Switching frequency 10KHz
C,C, 22uF
Cy 2200uF
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Fig. 9. Solar array Waveforms.

The solar array temperature waveform in Fig.
9(a) specifies that the panel temperature relatively
stabilizes at 35°C and the intensity in solar array
remains steady at 800(W/Sq.m) as revealed in
Fig. 9(b). In Fig. 9(c), output voltage of PV

199

module gets deviations in starting duration upto
0.1s, after the stable voltage 74V is attained.
Similarly, PV output current gets stabilized output
at 54A after facing distortions in initial period as
represented in Fig. 9(d).
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Fig. 10. Proposed Interleaved Landsman converter waveforms.
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The developed interleaved Landsman

converter output voltage waveform indicates that
in initial period, voltage gets deviated till 0.1s,
after that by utilizing CTO-PI controller the
voltage maintained stable at -599V as shown in
Fig. 10(a). Subsequently, the output current in
Fig. 10(b) signifies that in initial stage, the current
oscillated under certain period of time and after
BATTERY SOC WAVEFORM

0.1s, it constantly steady at 6.5A. Based on the
input and output voltage and current of converter
waveforms, power waveforms in Fig. 10(c)
indicates that the input power is steadily
maintained at 3996W. Similarly, output power
also remains continued at 3893W after the time
period of 0.1s respectively.
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Fig. 11. Battery Waveforms.

From Fig. 11(a), which is analysed that battery
SoC is constantly maintained at 90% without any
deviations. Like, battery voltage waveform in Fig.
11(b) shown, which remains steady at 125V and

battery current is highly oscillated in initial stage
and after 0.1s is continued at 3A as signified in
Fig. 11(c).

200
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Fig. 12. BLDC motor Waveforms.

The current waveform for the BLDC motor
gets highly raised and oscillates upto the time
period of 0.1s and gets stabilized output at 3A.
Additionally, the back EMF waveform of BLDC
motor continually maintains at 180V after the
time period of 0.1s as signified in Fig. 12(b).
Additionally, speed waveform for BLDC motor
represents in Fig. 12(c), which observes that the
constant speed is maintained at 4000RPM after
the duration of 0.1s respectively. Consequently,
Torque waveform in Fig. 12(d) denotes a
stabilized output after 0.1s correspondingly.

REFERENCE AND ACTUAL SPEED WAVEFORM
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Fig. 13. Reference and Actual Speed Waveform.

The waveform in Fig. 13 shows the
performance of a Brushless DC (BLDC) motor.
The blue line represents the reference speed,
which is set at 4000 RPM. The red line shows how
the motor's actual speed changes over time. At the
start, the motor quickly accelerates until it reaches
the reference speed, by 0.1 seconds, the motor's
actual speed has almost reached the desired speed,
indicates smooth and efficient speed control.
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COMPARISON OF EFFICIENCY
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Fig. 14. Comparison of Efficiency.

Comparison of proposed Interleaved
Landsman converter is compared with other
interleaved converters for foreshowing the
significance of designed converter. From Fig. 14,
is perceived that the Interleaved Landsman
converter accomplishes higher efficiency of
97.42% compared to the other recently developed
converters in [21-23].

Table 3
Comparison of Settling time
Controllers Settling time (s)
Optimized Fuzzy [24] 4.0
SSO-PID [25] 6.0
FO-PID [26] 1.2
Proposed 0.1

Table 3 Compared the optimized control
appraoches with proposed CTO-PI controller for
finding the better settling time technique, from the
table it is shown that proposed optimization based
control topology achieves reduced settling time of
0.1s, thereby better stabilized performance is
attained for the developed converter.
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Fig. 15. Comparision of Convergence speed.

The proposed Class Topper optimized PI
controller is compared with the other optimization
methodologies for convergence speed comparison
as illustrated in Fig. 15,which analyzed that by
utilizing CTO-PI, the quick convergence speed is
accomplished compared to the traditional
topologies.

IV. CONCLUSION

The proposed reasearch work develops a novel
converter with optimization approach for BLDC
motor driven EV applications. With the aid of
designed Interleaved Landsman converter,
improved power handling with higher conversion
efficiency is delivered to the BLDC motor.
Additionally, Class topper Optimization approach
effectively performs well by tuning the
parameters of PI with rapid settling time and
convergence speed,thereby enhancing stability.
The battery system with bidirectional converter
ensures energy management by adequately
supplying energy to BLDC motor during peak
times.Also, the BLDC motor gets proficiently
regultacd with the help of PI controller,which
making the motor operating at desired speed.
Overall, the MATLAB/Simulink outcomes
demonstrates  higher  voltage conversion
efficiency of 97.42% with rapid settling time of
(0.1s) and convergence speed compared to the
other conventional approaches as analyzed in the
comparative analysis. These findings establish the
potential of this system to revolutionize EV
propulsion by providing an energy-efficient,
scalable and sustainable solution, supporting the
broader adoption of renewable energy-driven EV
technologies. The proposed concept is validated
only through simulation and hence the future
work will concentrate on developing a hardware
prototype for validating the performance of the
system experimentally under real-world operating
conditions.
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