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Abstract

Photovoltaic (PV) based Electric Vehicle (EV) charging faces challenges of low voltage
output, unstable supply, and limited converter performance under changing atmosphere
condition. Hence, this work aims to develop a Permanent Magnet Synchronous Motor
(PMSM) driven EV charging efficiency and stability using a novel converter and control
approach. The major objective of this approach is to attain high efficient EV performance
with improved stability and reliability. A High Gain Switched Quasi Z Source Converter
(HG-SqZSC) is utilized for boosting the output voltage of PV with higher efficiency and
increased voltage gain. An Improved Dolphin Pod (IDP)- optimised Proportional
Integral (PI) controller is deployed to achieve a stable power output with increased
convergence speed. On the other hand, during insufficient power supply or abnormal
weather conditions, a three-phase grid and battery act as the supplementary power
source, thereby providing continuous power supply required for PMSM motor-driven
EV. Moreover, to validate the working and efficiency of the proposed PV-energized EV
motor, MATLAB/Simulink is utilized which states that, the developed system ensures
to attain higher efficiency (93.3%), Voltage gain (15) and reduced Total Hormonic
Distortion (THD) (0.63%). Thus, it leads to less environmental pollution with constant
EV charging systems even under varying circumstances.
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Introduction

EV’s provides considerably efficient modes of
transportation with reduced carbon emissions leading to
environmentally safe driving (Saha et al., 2023; Sun et al.,
2023). Although, EV’s works utilizing motors as their driving
mechanism, thus, they provide large starting torque and
improved acceleration with reduced noise when compared to
combustion engine-based vehicles. Prevailing motors like
Brushless Direct current (BLDC) (Kumar et al., 2023; Kavin
et al., 2024) and Switched Reluctance Motor (SRM) confers
certain merits like enlarged life span and reduced power
consumption with low maintenance cost, Nonetheless, these
motor contain various demerits in comparable to merits,
including larger noise, low torque, enlarged motor size,
increased harmonics with excess heat generation (Shariff et
al., 2019; Priyadarshi et al., 2022). Hence, to overcome these
limitations, PMSM motor paves a vital part with its enhanced
performance in terms of constant and high torque, minimized
heat and smaller motor size (Huang et al., 2023). Despite these
benefits, the integration of EVs with PV systems faces
challenges because of the PV power output dependence on
environmental conditions, such as irradiance and temperature,
which cannot be relied upon as a sole energy source for
charging EVs (Viswa Teja et al., 2023; Jayal & Bhuvaneswari,

2021). This condition requires efficient power conversion, and
controller optimization and management of energy to
maximize the continuous operation of the EV.

Charging PMSM driven EV’s faces various difficulties
(Anbuchandran, 2024), hence, to incorporate an effective EV
charging process, PV system utilization is rising in recent days
(Garcia-Trivino et al., 2023). There are various benefits
associated with utilization of PV such as minimal cost
implementation with easy and simple installation,
furthermore, PV system requires minimal maintenance with
very few components (Gonzalez-Rivera et al., 2021).

Despite these benefits, PV is still not considered as a
completely reliable source of energy supplier, this is due to the
fact that their energy production depends on the environmental
conditions (Katuri & Gorantla, 2023). Thus, to attain enhanced
power output from PV, converters play a major part which
boosts the PV power generation. Converters including Z-
Source Converter (ZSC) (Liu et al., 2019), Z- Quasi Resonant
(ZQR) (Poorali & Adib, 2019) and Switched Z-Source Quasi
(Harini et al., 2022) are utilized for producing high voltage
level outputs from PV, ZSC achieves highly efficient
performance with higher power density, ZQR achieved
increased boost function with varying load capacity and finally
switched Z-Source converter obtained higher voltage gain
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with better output power. However, even with all these
benefits, these converters are still not applicable to produce the
required power production for EV load. ZSC converters
struggled with reduced boosting factor, minimizing power
range with interrupted power supply. Nevertheless,
conventional converters, struggle with voltage boost, limited
power range and interrupted supplies. Considering these
difficulties, a novel HG-SqZSC discussed in this proposed
research archives higher gain, better efficiency and continuous
power.

Moreover, it is vitally important to regulate and enhance
the converter performance, thus PI controller is considered as
an essential component. To achieve improved controller
effectiveness, parameter tuning is requisite. Therefore, various
optimization techniques are innovated for procuring enhanced
parameter tuning such as Single Input Fuzzy Logic tuned
deterministic ~ Optimization  (SIFL-DO), Grey Wolf
Optimization (GWOQO) (Kanithi et al.), Genetic Algorithm
Optimization (GAO) (Jiang & Zhen, 2019), Wild Horse
Optimization (WHO) (Mazumdar et al., 2023). The
implementation of these algorithms produced highly efficient
tuning with increased response speed, accuracy, robustness,
and fault tolerance with a better controller strategy (Rao et al.,
2022).

Nevertheless, these algorithms remarkably go through
several disadvantages which include time-consuming, require
hyperparameter tuning which utterly increases the system
complexity, requires additional iterations and very slow
convergence rate. Henceforth, an IDP optimization algorithm
is used, which achieves optimum tuning performance with
faster response rate, enhanced accuracy and increased
convergence rate. Additionally, battery and three phase grid
system is deployed which gathers the excess energy produced
by PV system and discharges it to EV load during an
insufficient power supply from PV.

Thus, by utilizing the overall proposed techniques ensures
to generate maximum power production that meet the EV load

Vowlpy  HIGH GAIN SWITCHED QUASI

PV SYSTEM £SOURCE CONVERIER

requirements with improved power quality, thereby providing
sustainable and uninterrupted power supply. The fundamental
contribution of the developed work is listed below.

» HG-SqZSC is integrated for generating higher-level
output voltages to meet the power requirements of EV

> IDP optimized PI controller is implemented to assure
optimum converter performance with regulated and
stabilized output.

» PMSM motor is utilized for efficient functioning of EV

» Bi-directional converter is used on the battery side to
ensure power supply back and forth.

» A Three phase Voltage Source Inverter (VSI) is deployed
on the grid side for converting DC supply to AC, making
is suitable for the grid.

Proposed modelling

For achieving continuous and stable EV charging, PV
system plays a major part by providing clean and unlimited
energy supply. Initially, PV produces low voltage output
which does not meet the required voltage demand of PMSM
driven EV load. Hence, it is essential to boost the PV power
production, thus, this work utilizes a novel HG-SqZSC for
acquiring increased voltage output supply needed for PMSM
motor. The block diagram of the proposed system is illustrated
in Figure 1.

Primarily, energy obtained from PV system is fed into the
converter for obtaining higher voltage outputs, but voltage
acquired by converter is not stable. Hence, to stabilize and to
regulate converter output, IDP Optimized PI controller is
attached, which produces balanced output thereby, improving
the converter performance, to which the PWM generator is
connected for providing PWM pulses. Later, output from
converter flows via DC-bus to the three-phase VSI which
converts DC to AC. Secondly, AC voltage produced by VSI is
further fed to the PMSM motor that drives the EV load.
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Figure 1. Block diagram of PV energized EV motor system.
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Moreover, to assure better PMSM motor performance, PI
controller is used for attaining improvised stability with
reduced steady-state errors. In case of excess power
production, the power supply is directed towards the three-
phase grid through a three-phase VSI and to the battery
through bidirectional converter, which eventually supplies
power during higher load demand and acts as the
supplementary power source during insufficient power issues,
providing constant power supply to PMSM driven EV load.
Therefore, the developed system ensures to provide constant
and uninterrupted power supply to meet the desired voltage
output level of PMSM motor.

Modelling of PV System

In this paper, PV system is utilized for providing unlimited
power supply to the PMSM driven EV load. PV system
generally constitutes one or more solar panels that absorb light
energy and further convert it into electrical energy. PV system
is given in Figure 2. where I,, denotes the output current
produced by the PV and I, denotes the current across the
resistor respectively.

IPH

TEMPERATURE \

IRRADIATION
‘\GQ I T s

Figure 2. PV system Circuit Diagram.

Hence, the current across the resistor is given by,
I=ln—1 (1)
However, the voltage generated by PV system is not
completely reliable as they are influenced by the varying
environmental conditions thereby providing low output
voltages. Hence, to attain required voltage level to meet

PMSM motor load demand, HG-SqZSC is utilized and is
discussed in detail below.

Modelling of HG SqZSC

The HG-SqZSC consists of two inductors L; and Lo,
capacitors C,, Cp, C. and Cy and three diodes Dy, D; and D;
are shown in Figure 3. respectively. The combination of
switched capacitors with Quasi Z source enables to produce
higher output voltage gain and its operating mode is classified
into two as shown in Figure 4.

Figure 3. Proposed circuit of HG-SqZSC.

Figure 4. Converter modes of operation.

Mode 1: Here, Switch S is kept ON along with Diode Dy,
whereas diodes D; and D, are turned OFF due to the reverse
parallel connection. The inductor L, gets charged via input V;
and capacitor C5 similarly, the inductor L, gets charged using
V; and C; respectively. Thus, making the capacitors C; and C,
series to V;.

According to Kirchoff voltage law,

Vii=Vi+ Vg 2
Vo= Vi+ Vg 3)
Vo=Vi+ Ve + Ve )

Mode 2: In this mode of operation, switch S is turned OFF
along with diode Dy, whereas the diodes D; and D; are turned
ON. Here, inductor L; gets charged through capacitor C; and
L gets charged via Cs, thus making V;and L; series connection
which is described as follows,

Vii+ Ve =0 (%)
Vi= V= Ves+ Vi (6)
Vi= V= Ves+ Vi (7N

By considering the Volt-Second balance principle of the
inductor,

D
Ver=Ves= —5 Vi ®)
2_D
Veo = Vit Ver t Veg = - Vi )
Where, Duty cycle of S is given as,
D=2 (10)

T

Where, T,,, denotes the conduction time and Ty indicates
the switching period.

Using eq (8) and (9) V, is derived as,

2-D
Vo=Vit Vet Vo= 5 Vi (11)
Consecutively, the output voltage gain is evaluated using,
Vo 2-D

G=2= 22 (12)

v 1-2D
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When in continuous operation, the converter components
of the HG-SqZSC such as inductors, capacitors, and devices
experience a moderate level of thermal stress due to power
conversion and switching losses. The high-efficiency design
used, showcased by low THD (0.63%) and high voltage gain
(15), helps to keep the heat generated due to losses to a
manageable limit, which in return keeps the operational
temperature within reasonable limits. Since the thermal
management is capable, the degradation of the passive and
active components will be minimized, thus extending the
operational life of the components predominately to about 10—
15 years at rated conditions, making the system reliable for
continuous EV charging applications. Moreover, to improve
the converter performance, controllers play an essential role,
hence, an IDP optimized PI controller is utilized for attaining
regulated and stabilized output power.

Modelling of Improved Dolphin Pod Optimized PI
Controller

The IDP optimization algorithm is developed based on
dolphin’s hunting process. This hunting process of dolphin is
exhibited in four stages.

Searching Stage
Call Stage

Reception Stage
Predation Stage

(i) Initialization: During the initial stage, each dolphin
indicates a feasible solution and each dolphin is represented as

Dol; = [x1, X3, .. T (=12, ... ,N), where N
indicates the amount of dolphin and x; (j =
1,2, ... , D) represent the component of each dimension to be

optimized. The two variables associated with the dolphin are
Individual Optimum Solution denoted as L and the
neighbourhood Optimum Solution which is denoted as K.

(i) Pivotal Stages:

Search Stage: In this stage, Dolphin utilizes sound wave
for searching its prey and is represented as,

Vi=[Vy,Vy ... WplF (=12, .. .. ,M) (13)
where, M indicates the number of sound waves produced and
V= G=12,.... ,D) denotes the dimension of each

component. The sound waves produced by dolphin during the
maximum search time T; enables to search for the optimum
solution X_ijt which is expressed as,

Xijt = DOli + ‘/] t (14)

Call Stage: At this stage, the dolphin emits its sound
waves along with its search results, to inform other
neighbouring dolphins.

Reception Stage: In this stage, the results sent by the
dolphin are compared with neighboring dolphin’s optimum
solution to determine the finest possible solution which is
denoted as K;.

Prediction Stage: The dolphins evaluate the radius R to
predict the distance between the optimum solution of the
neighboring dolphin and their location after the prediction
stage based on the known information. Thus, producing the
new position.

In addition to this, the output is then fed to the PMSM
motor via the three phase VSI, which allows smooth
conversion of DC to AC making it suitable for PMSM motor.

Modelling of PMSM Motor

PMSM is a permanent that contains a rotor and a stator
parts as illustrated in Figure 5. in which the stator is made up
of copper windings that are powered using a three-phase AC.
The magnetic properties of PMSM enables them to obtain
higher performance with great efficiency due to its high-power
density, low mass and lower inertia. Additionally, permanent
magnets are embedded to the rotor with field winding similar
to that of the synchronous motor.

PERMANENT
MAGNET
ROTOR

Figure 5. PMSM stator and Rotor.
The mathematical equation of PMSM is given by,

do _ 3PAw , B Ty

ac - zj AT GYT T (15)
dig _ R . _ . Phm 1
o= 1l Pwiy - ot V (16)
dig _ R . , 1
E_ —Zld+ P(Ulq+zvd (17)

Where, o represents the angular speed of the rotor, P
represents the number of pole pairs, 4, denotes the rotor
magnetic flux, j is the rotor inertia, B denotes the friction
factor, T, indicates the load torque, i, represents the g-axis
current, iy is the d-axis current, V, is the g-axis voltage, V,
represents d-axis voltage, R is the stator resistance and L
denotes the stator inductance respectively. The voltages across
stator are given by,

V. 1, o 1, . cos(6,)
Vo | =R 1 | + d:S Iy |, 20, cos(6, — 2m/3) | (18)
V., I I cos(f, + 2m/3)

Where, V, , V}, and V. represents the stator voltages, I, , I,
and I. denotes the stator currents, Lg, represents stator
inductance, 1, indicates the flux linkages and 6, represents
the rotor angle respectively. Furthermore, with the aid of PI
controller, grid synchronization is achieved, which is
discussed below.

c

Grid Synchronization

The synchronous PI control approach is utilized in a two-
phase rotating (d — q) frame, this control approach attains
sinusoidal control. According to the synchronous control
approach, three-phase grid voltage and current attains DC
variables, PI controller is adapted, so that current loop
achieves no steady-state errors. The grid voltage is given as,

Ugq = U, sin wt
Uy, = U, sin(wt — 21/3) (19)
uge = Uy, sin(wt + 21/3)

This approach enables to attain the merits of synchronous
rotating frames, thus, active and reactive current is decoupled
and controlled respectively. Overall, the proposed system

enables enhanced utilization of PV with improved PMSM
motor performance, thus attaining effective EV charging.
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Results and discussion

The developed system using HG-SqZSC and IDP
optimized PI controller for PMSM motor utilized EV
charging, is evaluated using MATLAB/Simulink and its
obtained results are detailed and analyzed in this section along
with their comparative analysis.

Constant Temperature and Constant Intensity

Figure 6 represents solar temperature and intensity
waveform, where both temperature and intensity remain
consistent and stable at 35°C and 1000 W /sq —m
respectively, throughout the depicted time period, ensuring
improved PV system performance. This steady state assures
that the PV array delivers expected and maximum power
output which ultimately influences the charging efficiency to
the EV system. Furthermore, the steady irradiance allows the
DC link voltage to remain stable while reducing variations in
the PMSM drive which impacts the interface with the grid
while allowing for smooth operation of the EV system.

SOLAR TEMPERATURE WAVEFORM

50 SOLAR INTENSITY WAVEFORM
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3
g
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5
]
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s
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e

e

0.2 0.4 0.6 08 1 ] 0z 0.4 06 08 1
Time (seconds) Time (seconds)

Figure 6. Temperature and intensity Waveform under
constant conditions.

Figure 7 indicates input DC voltage and Input DC current,
the first graph shows that input voltage is maintained at 100V
for the entire depicted time and the second graph shows that
input current is also maintained at 954 through the given time
period, indicating improved system stability with increased
power reliability. The stability of voltage and currents reflects
an enhanced reliability of the system by providing consistent
power to the EV based PMSM Drive while supporting stable
operation of the grid-connected PV system.

INPUT DC VOLTAGE WAVEFORM
OF THE DC-DC COMVERTER

INPUT DC CURRENT WAV EFORM
‘OF THE CONVERTER

100 L
150 0
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Time (seconds) Time (seconds)

Figure 7. Input DC voltage and current Waveform under
constant conditions.

Figure 8 implies DC-DC output voltage, which initially
deviates, after 0.1 seconds stabilizes and remains fixed at
600 V. Similarly, output current also initially fluctuates and
then stabilizes after 0.1 seconds respectively. This quick
stabilization in the presence of consistent solar levels shows
that the converter effectively regulates voltage and current to
the EV based PMSM drive ensuring reliable power delivery
and stability in the grid-controlled operation.

S0C (%)

DC-DC CONVERTER OUTPUT VOLTAGE USING
IMPROVED DOLPHIN POD OPTIMIZED

1000 PICONTROLLER DC-DC CONVERTER OUTPUT CURRENT WAVEFO RM
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Figure 8. Output DC-DC converter voltage and current
waveform under constant condition.
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Figure 9 illustrates the input and output power waveforms
for the system. The input power quickly rises to 10,000 W and
experiences some minor drop to 9,990 W before stabilizing
and the output power initially fluctuates slightly before
stabilizing after about 0.1 s. This shows that the system
reaches steady conditions after approximately 0.1 s which
depicts efficient power transfer from the PV source to the EV
based PMSM drive while allowing for consistent power
delivery during grid-controlled operation.
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Figure 9. Input and output power under constant conditions.

In Figure 10, the characteristics of the battery SOC,
voltage, and current are presented. The SOC is held at 60%
for the entire time period; the voltage is held at 125V
throughout the test, indicating stability. The voltage and
current waveforms are smooth and consistent, suggesting
stable operating conditions. This consistency demonstrates the
efficiency of the battery management strategy, providing a
dependable energy supply to the EV based PMSM system and
a reliable interaction with the grid.
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Figure 10. Characteristics waveform of battery under
constant conditions.
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Figure 11. showcases grid voltage and current in sinusoidal
wave representations, where voltage ranges between +£400 V
and current ranges between + 12 A respectively. The third
graph shows the combination of both grid voltage and current
waves, which showcases optimum grid by achieving perfect
grid synchronization. This indicates that grid synchronization
occurs to provide reliable operation of the grid and reliable
power transfer between the PV based EV system and the utility
grid.

‘GRID VOLTAGE WAV EFORM GRID CURRENT WAVEFORM
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GRID VOLTAGE AND CURRENT WAVEFORM

Voltage (V). Current (A)

Figure 11. Grid voltage and current waveforms under
constant conditions.

Figure 12 represents three phase inverter voltage
waveforms with and without filter, the first graph shows the
voltage attained without using filter, where voltage keeps
fluctuating and contains unwanted interferences, while second
graph comprises voltage waveform with filter shows stabilized
voltage ranging between+ 400V, providing improved power
quality. This analysis illustrates the filters' effectiveness in
decreasing harmonics and therefore enhancing quality of
power in both grid and the PMSM drive.
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Figure 12. Three phase inverter voltage waveforms without
and with filter under constant conditions.

Figure 13 indicates the real and reactive power waveform,
in which both reactive and real power remain fixed. From the
above graph it is understandable that real power attained is
relatively higher than that of reactive power, indicating
reduced power losses and effective working of the proposed
system. This relationship demonstrates reductions in power
losses and more effective use of supplied energy. The stability
of the power profiles also illustrates the effectiveness of the
proposed converter and control strategy to enable reliable
operation of the PMSM drive and its functioning in relation to
the grid.
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10000

Power (W)
Power (VAR)

5000

o 0.2 04 o6 o8 1 0 0z 04 0.6 o8 1
Time (seconds) Time (seconds)
Figure 13. Real and Reactive power waveform under
constant conditions.

Varying Temperature and Varying Intensity

Figure 14. denotes varying temperature and intensity of
solar, where temperature at first is maintained at 25° C and at
0.4 seconds temperature slightly raises and stays fixed at
35° C. Similarly, solar intensity is maintained at 800 W/Sq-m,
after 0.6 seconds, solar intensity increases to 1000 W /Sq —
m to remain stable. These changes are dependent on the
dynamic performance of the PV system, which emphasizes the
importance of converter and controller design and capability
to conduct stable EV charging through changing conditions.
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Figure 14. Solar temperature and intensity waveform under
varying conditions.

Figure 15. implies input DC voltage and current waveform,
where voltage progressively keeps increasing and stabilizes at
100 V after 0.6 seconds, Meanwhile, current at first rapidly
increases beyond 80 A and then fluctuates, after 0.6 seconds
current stabilizes at 904 respectively. This action emphasizes
that the system is successfully able to handle transient
variations and achieve steady operation to reliably deliver
power to the PMSM drive.
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Figure 15. Input DC voltage and current waveform under
varying conditions.

Figure 16. implies DC-DC converter output voltage and
current waveform, the first graph shows that output voltage
deviates in the beginning and further stays constant at 600 V
throughout the depicted time duration. Current waveform
demonstrates that current with initial fluctuations and later
remains constant respectively. These results support that the
converter is able to control the output effectively in a steady
manner to allow reliable power delivery to the PMSM drive
from the original variations in input.
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Figure 16. Output voltage and current of DC-DC converter
under varying conditions.

Figure 17. refers to the input and output power waveform
for PV system in which, the input power shows certain
deviation with gradual increase and after 0.6 seconds, the input
power rises to 9990 W respectively. The graph showcasing
output power depicts output power remains fixed, ensuring
effective performance.
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Figure 17. Input and output from PV system under varying
conditions.

Figure 18 shows the SOC, current, and voltage of the
battery under varying operational conditions. The SOC is
constant at 60% over the entire period demonstrating effective
energy management. The battery current and battery voltage
waveforms both show stable, consistent waveforms
demonstrating that the control strategy is robust. The stability
of the battery power system indicates it is reliable under the
varying outside environmental variations, supplies or absorbs
power as needed for the PMSM drive and serves as a
consistent energy storage to stabilize power delivery from the
solar panels.
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Figure 18. Battery SOC, current and voltage under varying
conditions.

Figure 19. represents the voltage and current waveform of
the grid, where both voltage and current depict consistent and
stable voltage ranging between + 400 V' and current ranging
between +12 A respectively. The third graph showcases
voltage together with current, and their perfect
synchronization indicates improved grid functioning efficacy.

Establishing synchronization establishes a reliable power
interface between the PV-EV system and the utility grid, thus
confirming the validity of the robustness of the control
strategy.
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varying conditions.

Figure 20. Figure 20 showcases voltage waveform for
three phase inverter with and without filter, where the voltage
waveform without a filter shows certain fluctuations with
unwanted disturbance. While voltage waveform with filter
shows consistent and stable waves ranging between + 400 V
respectively. This shows the importance of the filtering stage
regarding harmonics reduction, distortion mitigation, and
power quality enhancement for the grid and, indeed, the
PMSM drive.
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Figure 20. Voltage waveform for three phase inverter
without and with filter under varying conditions.

Figure 21 presents real and reactive power signatures of the
system when it experiences diverging operating conditions.
Real power remains relatively constant at around 10,100 W
while the reactive power is also held constant at nearly 310 W
through the 1s duration. The much lower value of reactive
versus real power demonstrates that power is being used
efficiently and not being wasted. These steady metrics
demonstrate that the proposed converter and control strategy
achieve energy transfer and reliable operation of the overall
system.
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Figure 21. Reactive and real power under varying
conditions.
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Figure 22. demonstrates PMSM motor speed, torque and
current waveform, in the first graph the PMSM motor speed
progressively increases to 1000 RPM at 0.2 seconds, then
motor speed is maintained at that speed. From the second
graph it is notable that, PMSM torque considerably low at
1N —m. And third graph showcases that, PMSM motor
current initially fluctuates anf further is maintained at constant
respectively.
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Figure 22. PMSM speed, torque and current waveform.

Figure 23. represents PMSM motor stator current for three
phases namely, (a) Phase A , (b) Phase B and (c) Phase C,
where all the three phases shows initial oscillations and further
stabilizes. Of the three phases, Phase A and Pahse B depicts
slightly higher initial oscillation when compared to Phase C,
All the three graph depicts the motor’s characteristics of
increased stability.
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Figure 23. PMSM motor stator current.

Figure 24. shows the THD waveforms, where in Figure 24
(a) depicts highest THD is 1%, referring to certain harmonic
distortion, while Figure 24 (b) exhibits slightly reduced THD
of 0.88% than that of the first graph, indicating lightly
minimized harmonics and interferences. Whereas Figure 24
(c) reduced THD of 0.68% when compared all three graphs,
ensuring minimized harmonics with highest magnitude at the
fundamental frequency respectively.
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Figure 24. Three phase THD waveform.

Figure 25. represents graph comprising of Voltage gain
comparison between proposed converter and various
conventional converters. From the above graph it is depictable
that the proposed converter attained higher voltage of (15),
than that of the conventional converter such as Hybrid ZSC
(10), Step-up Quasi ZSC (6) and Soft switch ZSC (4)
respectively.
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Figure 25. Voltage Gain Comparison
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Figure 26. depicts the Efficiency comparison chart, where
conventional converters like SC-DC DC (Stala et al., 2020),
HS-SZC (Kumar et al., 2021) and ZVS converter (Folmer &
Stala, 2021) are analyzed in terms of efficiency, to evaluate the
efficiency of the proposed converter. This chart shows that
conventional converter shows slightly reduced efficiency of
(91%), (92.50%) and (92.8%) than that of the proposed
converter which acquired (93.3%) respectively, indicating
enhanced converter performance.

EFFICIENCY COMPARISON

SCDCDC HS-SZC[22] IVS[2Y Proposed

[21] converter
SCDCDC . Proposed
21 HS-SZIC[22] ZVS[2Y converter
BEfficiency Comparizon 91% 92.50% 92.80% 93.30%

Figure 26. Efficiency Comparison

Figure 27. shows MSE comparison for Improved Dolphin
Optimized PI controller, with conventional PI controller
optimized using Differential Evaluation (DE) Algorithm. The
above chart represents the MSE comparison for three
iterations, in which proposed algorithm obtained reduced MSE
in all the three iterations when compared to DE optimized PI
controller. Thus, achieving improved control performance.
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Figure 27. MSE Comparison

Figure 28. indicates THD comparison chart, from which it
is, evident that, the proposed converter achieves reduced THD
of (0.68%), ensuring highly minimized harmonics. Whereas
conventional converters showcase slightly higher THD of
(1.60%), (1.34%) and (0.93%), which indicates higher
harmonics rate when compared to proposed converter.
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Conclusions

This paper proposes the integration of HG-SqZSC with
IDP optimized PI controller for producing enhanced output
voltage to power the PMSM driven EV load. The deployment
of HG-SqZSC ensures attaining higher output voltages to run
the PMSM motor with enhanced efficiency, and Voltage gain.
In addition to that, the implementation of IDP optimized PI
controllers to improve the converter performance, thereby
providing stable output with increased convergence speed and
reduced fluctuations and oscillations thereby, achieving
proficient system functioning. In contrast, during limited
power production, battery and gird acts as the supplementary
power supply, henceforth, providing consistent and
sustainable power supply even under varying circumstances.

The suggested system is unlimitedly scalable, as the HG-
SqZSC topology and control scheme is scaled to higher power
levels by advancing the device ratings as well as using a
modular system. Therefore, efficiency and reliability are
achieved when implementing the solution for larger vehicles
as well as public charging stations.

Further, MATLAB/Simulink results demonstrate that
proposed work attained higher efficiency (93.3%) with
enhanced voltage gain (15) and reduced THD (0.63%) with
increased convergence speed.

Therefore, this work provides positive impacts on
environmentally safe transportation with minimized expenses
thus leading to limited emission of harmful gases. Future
efforts will include empirical validation of the proposed
system, analysis of implementation complexity and cost-
effectiveness, and environmental benefit quantification in real
world EV charging practices.
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