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Abstract 

 

The idea of recharging electric 

vehicles (EVs) using photovoltaic (PV) solar 

cells is novel and offers several technical and 

monetary benefits. This research offers a 

technological configuration of low-noise 

Switched Reluctance Motor (SRM) drives for 

EV applications. Due to growing ethical and 

affordable concerns about permanent magnet 

machines, there is a technical trend to employ 

SRMs in a number of mass production 

businesses. The PV panel supplies power to 

the SRM of the EV system. The Boost 

converter helps to improve the PV system's 

output, which is managed by Proportional 

Integral (PI) Controller. Using a Grey Wolf 

Optimization (GWO) based PI controller for 

SRM, the ideal parameter quantities for the 

EV system can be determined. The regulated 

DC voltage for the SRM has be provided by 

n+1 semiconductor and n+1 diode topology. 

The suggested method therefore shows the 

viability and efficacy of utilizing GWO as 

well as SRM optimization approaches for 

optimal tuning, resulting in better EV system 

performance. The recommended topology 

acts perfectly according to the findings of the 

suggested method's simulation in MATLAB. 

 

Keywords: SRM, GWO, EV, PV System, PI 

Controller. 
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I. INTRODUCTION 

 

Electric vehicles (EV) lay the foundation for environmentally friendly transportation. 

Undoubtedly, EV aids in the development of a low-carbon economy in the future.Due to the 

worsening air quality, EVs are proving to be less hazardous to the environment and energy 

efficient. As a result, the quantity and demand of EVs are growing daily, as well as the need 

for charging stations. The majority of charging stations are grid-connected, which adds to the 

grid's load and eventually highlights the need for charging stations powered by renewable 

energy[1].Charging EVs using PV panels would be a terrific choice and a long-term 

environmental move as sun has a vast potential for collecting power from PV panels[2]. Free 

energy from the sun has significant economic value and nearly no ongoing maintenance 

costs. Sunlight is safer and never runs out. Of course, solar energy is also more plentiful than 

fossil fuels[3]. 

 

The SR motor has a significant affinity to this field since it uses only high silicon steel 

and copper windings and does not use permanent magnets. Since there are several switches 

on the asymmetrical bridge converter used to control SR motors, power loss and negative 

torque current are enhanced[4].The control of a reluctance SRM developed for vehicle 

propulsion has been constructed with a high performance, completely digital controller. The 

controller is quilted to reduce torque ripple at low speeds, increase machine efficiency, and 

support peak overload conditions. Due to its exceptional performance and rare-earth-free 

nature, the SRM is becoming increasingly popular for EVs. Furthermore, it is demonstrated 

that the SRM may give a lengthy constant-horsepower operation with this flawless control, 

but the SRM's main flaw, particularly its enormous torque ripples, is solved [5].PV systems 

frequently use the switching power of DC-DC converters to create DC electricity and make 

place for SRM. 

 

 The many classes of single inductor DC-DC converters. The Boost converter has 

been determined to be the most suited candidate among all DC-DC converters due to its 

capacity to operate at its best regardless of the load side values[6].The (n+1) semiconductor 

and (n+1) diode send the Boost converter output to the SRM. The PI controller for the boost 

converter is designed primarily for operation during a start-up burst and continuous operation 

[7]. 

 

A PI Controller is a type of feedback controller that operates the plant by calculating 

the weighted total of the error and its integral. The fundamental purpose of a PI controller is 

to improve system performance in the face of interruptions, and the continuous operation of 

the PI controller has been improved by delivering feedback to the converter to cancel out the 

disturbances. However, the P-I controller has significant drawbacks, including unwanted 

speed overshoot, slow response caused by an abrupt change in load torque, and sensitivity to 

controller gains[8]. Therefore, algorithmic approaches are used to adjust the PI controller 

parameters. Particle Swarm Optimization (PSO), a population-based optimization 

algorithm method, suffers from the issue of premature convergence, which results in a poor 

convergence level, especially when handling challenging multi-peak search problems. This 

could make it less able to tackle challenging optimization issues[9]. In order to provide a 

reliable speed control for SRM, a new evolutionary method known as the GWO algorithm is 

suggested in this study. For the best possible design of the SRM's speed control, GWO is 

illustrated.  
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The main driver behind using GWO to remedy the shortcomings of SRM is the 

advancement of swarm computing approaches. The GWO algorithm is based on the natural 

behaviors of grey wolves. A unique augmentation for the GWO algorithm is developed and 

used to a PV system to improve its performance because GWO has fewer operators and 

parameters. The GWO Technique is used to change the PI controller's parameters to improve 

gain optimization[10]. 

 

The output of the PV system is enhanced using a Boost converter in this work under 

the direction of a PI controller, and a continuous power supply from a Boost converter is 

provided to SRM. The regulated voltage will be sent to the SRM using an n+1 semiconductor 

and n+1 diode arrangement. The GWO-PI controller is used to optimize the SRM speed 

control. 

 

The structure of this work is as follows: In the second section, similar works are 

suggested. In the third section of the current work, the suggested system is explored in greater 

detail. The study's results are summarized in Section fourth. 

 

II. RELATED WORKS 

 

1. Qingguo Sun et al (2023) have created a solar-assisted SRM drive with great integration 

for EV applications. Standard switch modules are employed, providing substantial 

advantages for optimum heat transfer layout and mass production of SRM drives for EVs. 

The Boost converter, which has high power factor adjustment capabilities, may charge the 

battery pack as well as serve as a discharge source for loads that are flexible coordinated 

with the PV panels. However, the structure's intricacy and production costs rise. Although 

existing approaches may greatly reduce circumferential noise and torque ripple, other 

performance characteristics such as torque and efficiency suffer. 

 

2. Mahmoud A. Gaafar et al (2022) have suggested a method for determining the 

appropriateness of the converters for use in SRM-based EV systems. As a result, the 

converters are graded differently to reflect their cost differences as well as their technical 

influence on the SRM system. For EV applications, the results offer a good indicator of 

the trade-off between getting certain benefits and sacrificing others. Although present 

methods reduce circumferential noise significantly, other performance metrics such as 

speed and effectiveness suffer. 

 

3. Vinícius Augusto De Abreu Batista et al (2023) suggested a method to assure optimal 

SRM performance. Following the conclusion of the optimization process, sensitivity 

studies are done to evaluate the impact of driving angles on the performance of the SRM. 

The findings demonstrate that the suggested enhancement approach is successful in 

establishing the suitable control settings across a wide range of operation speeds. 

However, it will not be able to regulate the speed of SRM. 

 

4. Yuanfeng Lanet al (2022) have suggested a boost converter for SRM, as well as an 

analytical calculation approach for it. Each traditional asymmetric half-bridge driver in 

the proposed converter features a passive front-end circuit. T maximize torque, 

optimization methods are employed to regulate the planned SRM drive. Furthermore, 

they suggest optimization opportunities based on the cost and technical performance of 

https://ieeexplore.ieee.org/author/37086955727
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various SRM converters. Noise and vibration reductions across a large speed range have 

not been efficiently attained in existing control systems. 

 

5. Alisha Ahmed et al (2018) have suggested the use of Grey Wolf Optimization (GWO) 

for efficient speed management of a DC motor. For selecting the settings of the PID 

controller, GWO employed the integral of time multiplied absolute error (ITAE) as an 

objective function. The proposed GWO/PID strategy was also compared to other existing 

approaches.  With modifications in DC motor parameters, the robustness and comparative 

analysis of the proposed GWO/PID approach were also done.Variations in the 

characteristics of the DC motor have been shown to have no effect on the functioning of 

the PID controller.  

 

III.  PROPOSED SYSTEM 
 

The system comprises of a PI-controlled Boost converter, n+1 semiconductors and 

n+1 diodes, and a GWO-PI controller to adjust the speed of the SRM. The GWO 

optimization is used to find the most effective configuration in order to provide reliable speed 

control for SRM. The GWO method is used to assess the PI controller settings, and the output 

response is delivered to the SRM. The proposed technique for enhancing the SRM using 

GWO-PI Controller is shown in the Figure 1. 

 

 
 

Figure 1: SRM using GWO-PI Controller 

 

Under the management of a PI controller, a Boost converter is used to increase the PV 

system's output, and a PI based Boost converter is used to feed SRM with continuous power. 

When the operating point fluctuates, Boost converters are utilized to augment the dynamics 

of current management under the supervision of PI.An n+1 semiconductor and n+1 diode 

configuration is used to deliver the regulated voltage to the SRM. To maximize the SRM 

speed control, the GWO-PI controller is employed. 
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1. PV System: Electricity is produced directly from sunlight via PV panels. The photon 

traveling in the electromagnetic wave is how the sun's energy reaches the planet. The 

electrons (negative charge), which are energized and leave the holes (positive charge), in 

semiconductor material as the light strikes the solar cell. More electron mobility is 

produced when the absorbed light has a greater energy level. The traveling electrons carry 

the charge, and electricity is produced. When electron movements get longer, more 

electricity is created. Recombination, which occurs when an electron returns to its hole, 

makes it desirable for the material used in solar cells to keep electron-hole pairs alive for 

as long as possible. When an electron recombines, its whole companion is destroyed, and 

no power is produced. Each of the components depicted in Figure 2’s systematic diagram 

of a PV system contributes to the decrease in efficiency. 

 

 
 

Figure 2: Topology of PV System 

 

When solar radiation reaches the surface of PV panels, it generates direct current 

(DC), classifying solar cells as a semiconductor device. A diode and two resistances are 

present. Figure 3 depicts the topology of the PV system's structure. The 𝑅𝑆 depicts the losses, 

which are connected with p-n junction, semiconductor components. The 𝑅𝑃  parallel reflects 

the loss produced by a small leakage current flowing via the parallel channel. The current of 

the solar panel array is denoted by𝐼𝐿. The reverse saturation current of a PV array is denoted 

by 𝐼𝑂, while the electron charge is denoted by 𝑞. 

 

    𝐼𝑂𝑢𝑡 = 𝐼𝑠𝑐 − 𝐼𝐷                                                                                           (1) 

 

𝐼𝐷 = 𝐼𝑂 ∗  𝑒𝑞 .
𝑣+𝑙𝑅𝑠
𝑛𝐾𝑇 + 1                                                                                              (2) 

 

𝐼𝑂𝑢𝑡   =𝐼𝐿 –𝐼𝑂 ∗ (𝑒𝑞 .
𝑣+𝑙𝑅𝑠
𝑛𝐾𝑇 + 1)- 

𝑉+𝑅𝑆∗1

𝑅𝑃
                                                                 (3) 
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Figure 3: PV circuit 

 

2. Boost Converter: A boost converter is used to increase the voltage from the source to the 

target value. This converter may accept input from any DC source, such as a solar panel 

or batteries. Figure 1 depicts the boost converter circuit schematic.  

 

 
 

Figure 4: Boost Converter Circuit 

 

In continuous mode, the boost converter has two alternative architectures, as 

shown in Figure. 

 

 Switch S is switched off in the off-state. The stored energy in the inductor reverses 

polarity to charge the capacitor via the diode. 

 Switch S is in the on position. The supply voltage charges the inductor, which stores 

the energy. The inductor current progressively increases during this stage. 
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                 Figure 5a: Mode 1                                            Figure 5b: Mode 2 

 

Initially, the voltage is kept constant, and then it is sent back to the boost regulator 

through the PI controller and PWM generator. A boost converter is used to convert a 

direct current source to a direct current source. Essentially, the solar panel converts heat 

energy into direct current voltage. The PI controller maintains a steady output voltage; it 

is used to control the output voltage. The PWM generator is utilized to commutate the 

MOSFET angle. The error signal is received from the comparator. Again, the output 

voltage is obtained constantly as a constant output voltage. 

 

The mathematical formula for inductance voltage equalization 

 

𝑉𝑔(𝐷𝑇𝑆) +(𝑉𝑆 - 𝑉𝑂) (1-𝐷)𝑇𝑆 = 0                                                 (4) 

 

𝑉𝑂 = 𝑉𝑔 /(1-𝐷)                                                   (5) 

 

Conversion Ratio, 𝑀 = 𝑉𝑂/ 𝑉𝑔   = 1/(1-𝐷)                                           (6) 

 

Change in inductor current based on inductor current ripple analysis 

 

∆𝐼𝑖=(𝐼𝑚𝑎𝑥 - 𝐼𝑚𝑖𝑛 )                                                                           (7) 

 

    ∆𝐼𝐿=(𝑉𝑔/𝐿) *(𝐷𝑇𝑆)                                                                                          (8) 

 

𝐿 = (𝑉𝑔𝐷/𝑓𝑆(∆𝐼𝐿)                                                                         (9) 

 

Here Boost converters is employed under the supervision of PI to increase the 

dynamics of current management since the tiny signal model changes when the operating 

point fluctuates. The PI controller is designed to work with the boost converter during its 

initial transient and constant state.   

 

3. SRM: A machine with a synchronous output is a reluctance motor. Its stator windings are 

coiled field coils from a DC motor, and it has no coils or magnets on its rotor. The stator 

and rotor both contain prominent poles, indicating that the machine is doubly salient. 

When the diametrically opposing stator poles are energized, the rotor is aligned. 
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Figure 6: SRM Equivalent Circuit 

 

Because of the saturation property of magnetic material, the value of inductance 

differs not merely changing rotational angle 𝜃 but additionally with current across 

winding. As a result, the usual form of the inductance equation is 𝐿 =  𝐿(𝜃, 𝑖), where 

𝜃the angle of rotation of the rotors isand 𝑖 is the phase current. As a result, the typical 

formulation for total linkage fluxes in the motor is as follows. 

 

 𝜆 𝜃, 𝑖 = 𝐿 𝜃, 𝑖 . 𝑖                                                                                  (10) 

 

Figure 3 depicts the comparable circuit for one phase of the SRM. The total flux 

expression is as follows. 

 

             𝜆 𝜃 = 𝐿 𝜃 . 𝐼                                                                                            (11)                 

 

A phase current in SRM enabling continuous processing. The co-energy 

corresponds to the magnetic field energies accumulated in the linear region. 

 

𝑊𝑚  = 𝑊𝑚
′  =  𝜆 𝑖, 𝜃 .𝑑𝑖

𝑖

0
 = 𝐿 𝜃 . 𝑖2/2                                              (12) 

 

   𝑊𝑚  = 
1

2
 𝐻. 𝐵. 𝑑𝑣                                                                                  (13) 

 

The torque generated by rotor position is expressed as, 

 

T=[𝜕𝑊𝑚
′ /𝜕𝜃]𝑖 = Const                                                                        (14) 

 

However, the current regulator is an essential component of the control block.  To 

accomplish this, a totally digital PI current regulator is employed to control the phase 

current of the SRM. Due to the SRM's exceedingly nonlinear and non-sinusoidal 

operation, a straightforward implementation of a PI regulator is almost difficult. To 

overcome this, an improved PI controller is used. 

 

4. GWO-PI Controller: The suggested GWO algorithm optimizes the PI controller to 

provide the optimal control performance, that is, low overshoot and quick rise and 
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adjustment times.  The GWO algorithm is capable of improving system control quality 

and achieving the intended result. 

 

 

GWO is a nature-inspired process that utilizes wolf hunting activity. Searching 

for, surrounding, and assaulting prey. Grey wolves often live in packs of five to twelve 

animals. As indicated in Figure, the groupings are generally divided into four members 

α,β,δ, and ω wolf. Wolves ω prey on the young members of the pack. 

 

𝐷   𝐺𝑊𝑂  =  𝐶 𝐺𝑊𝑂 .    𝑋 𝑃 𝑖𝑡 − 𝑋  (𝑖𝑡)                                                           (15) 

 

 
 

Figure 7: GWO 

 

The grey wolves' first three ideal positions are 

𝑋 1 =𝑋 𝛼   -𝐴 1. (𝐷   𝛼 )                                                   (16) 

 

𝑋 2 =𝑋 𝛽   - 𝐴 2 .(𝐷   𝛽 )                                                   (17) 

 

𝑋 3 = 𝑋    𝛿  -𝐴 3. (𝐷   𝛿 )                                                       (18) 

 

The following is the formula for updating the prey positions: 

 

𝑋  (𝑖𝑡 + 1) = 
𝑋  1+𝑋  2+𝑋  3

3
                                                                      (19) 

 

The GWO optimization is employed for the best feasible design in order to give a 

dependable speed control for SRM. The PI controller settings are evaluated using the 

GWO algorithm, and the output response is sent to the SRM. 

 

5. n+1 Semiconductor and n+1 Diode Topology: The interleaved boost converter signal is 

sent to the SRM through the (n+1) semiconductor and (n+1) diode. This architecture 

minimizes converter costs by using fewer switching components, which reduces losses 

across a wider range.  All switching devices and diodes have a lower rating. 
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Figure 8: Circuit Layout of n+1 Semiconductor and n+1 Diode 

 

When the switches are closed, the phase winding A is powered by the input DC 

supply. When the switches are opened, the energy from phase winding A is returned to the 

mains through diodes. When the switches are opened, the stored energy in B is returned to 

the mains. When the switches are closed, C is also engaged. When these switches are 

opened, the energy held in C is restored to the mains. When the switches are closed, the 

phase winding D is powered up. When the switches are opened, the stored energy in D is 

restored to the mains. This circuit employs (n+1) diodes and (n+1) power switching 

devices, with n denoting the number of phases. 

 

IV.  RESULTS AND DISCUSSION 

 

1. PV Waveform: In this stage, the installation is stimulated using MATLAB to test the 

SRM. Figures depict the characteristic curves of the PV panels in relation to temperature 

and insolation parameters in the proposed PV system. 

 

 
 

Figure 9:PV Temperature Waveform  
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Figure 10: PV Irradiation Waveform 

 

Figures 9 and 10 display the temperature waveform and irradiance waveform of a 

solar panel, respectively. The temperature and irradiance in this waveform are both 

constant at 25°C and 800(W/sq-m), respectively. 

 

 
 

Figure 11: PV Voltage Waveform 

 

 
 

Figure 12: PV Current Waveform 
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Figures 11 and 12 depict the voltage waveform and current waveform of a solar 

panel, both of which show that the voltage stays constant at 118 V and the current stays 

constant at 15 A after the settling time of 0.2s.  

  

 
 

Figure 13: Output Voltage of Converter 

 
 

Figure 14: Output Current of Converter 

 

The converter output voltage Waveform and current output waveform in Figure 13 

and 14 shows that the current remains constant after 0.2 s with a value of 5.8 A and the 

voltage slightly varies up to 0.2s after that it remains constant at the value of 300 V. 

 

2. SRM Waveform: The suggested SRM is modelled in Matlab.GWO-PI controllers are 

designed and modelled to manage the speed of the srm as well as the input voltage. In 

srm, the simulated results demonstrate controlled output voltage and steady speed. 
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Figure 15:SR Motor Current Waveform 
 

 
 

Figure 16:SR Motor Flux Waveform 

 
 

Figure 17: SR Motor Torque Waveform 

 

Figures 15, 16, and 17 show the SRM waveforms of current, flux, and torque, 

which indicate that it remains constant upto 0.2s before varying. 
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Figure 18:SR Motor Speed Waveform 

 

 
 

Figure 19: SR Motor Speed Waveform 

 

Figures 18 and 19 indicate that the SRM maintains a steady speed of 2000rpm and 

2500rpm under varying loads. 

 

 
 

Figure 20: Setting Time Comparison 
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Figure 20 exhibits a settling time comparison of PI,PSO-PI, and GWO-PI, 

demonstrating that our proposed GWO-PI achieves constant speed with minimal settling 

time.   

 

V. CONCLUSION 

 

Optimizing the SRM system to decrease noise and vibration is critical for 

EV applications. A GWO-PI Controller for SRM is built and emulated in order to regulate 

SRM input voltage and manage SRM speed. The output analysis indicates that the Boost 

converter can boost the voltage even with a low input voltage to the other topology.At steady 

condition, the output voltage is enhanced and constant. The simulated output voltage and 

current waveform demonstrates the GWO-PI Controller's excellent responsibility. The SRM 

Speed waveform showed that SRM maintains a constant speed of 2000rpm and 2500rpm 

under various loads with a settling time of 0.5s. 
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