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 This work proposes a solar photovoltaic (PV)-powered, modified bridgeless 

Ćuk converter tailored for electric vehicle applications. It overcomes 

limitations such as high ripple, reduced power density, significant switching 

losses, and complex circuit structures in traditional designs. The system 

integrates a boost converter with a bridgeless Ćuk topology to ensure a 

reliable and efficient direct current (DC) power output. Performance 

evaluation includes sensor-based and sensorless speed control techniques—

pulse width modulation (PWM), proportional integral derivative (PID), back 

electromotive force (EMF), and spider controllers—under both no-load and 

full-load scenarios. Key parameters such as rise time, overshoot, settling 

time, and steady-state error are analyzed. MATLAB/Simulink simulations 

indicate that the spider controller delivers superior dynamic behavior and 

stability. A 48 W, 1500 rpm hardware prototype confirms the simulation 

outcomes, demonstrating the practical viability and effectiveness of the 

proposed converter. 
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1. INTRODUCTION  

Adoption of renewable energy in electric vehicles (EVs) has increased, with solar photovoltaic (PV) 

systems favored for their clean and reliable power [1]. Standard maximum power point tracking (MPPT) 

methods like perturb and observe (P&O) and incremental conductance (IC) are generally used but struggle 

under fast-changing conditions [2]. To improve performance, adaptive variants such as dynamic P&O [3] and 

modified IC [4] have been proposed. Metaheuristic approaches like particle swarm optimization (PSO) [5], 

genetic algorithm (GA) [6], and ant colony optimization (ACO) [7] offer better accuracy but are 

computationally heavy. Hybrid methods, including PSO-P&O [8], enhance tracking speed and stability. 

Recently, AI-based techniques using machine learning and fuzzy logic have shown strong adaptability to 

variable irradiance [9], [10]. This paper proposes an AI-assisted P&O method to boost MPPT efficiency in 

solar-powered EVs. DC-DC converters such as Luo, buck-boost, zeta, sepic, and Ćuk have been explored 

extensively for EV applications [11]-[13], but traditional converters often suffer from limited voltage gain and 

high switching losses. To overcome these limitations, this work integrates a modified bridgeless Ćuk converter 

with a conventional boost converter, improving voltage gain, efficiency, and reducing switching stress.  

For propulsion, brushless direct current (BLDC) motors are preferred in EVs for their high 

efficiency, low noise, durability, and strong speed–torque characteristics, making them suitable for heavy-

https://creativecommons.org/licenses/by-sa/4.0/
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duty applications [14]. To enhance motor performance, both sensorless and algorithm-based control methods 

are used. Sensorless techniques, such as those by Real et al. [15] and Awchar et al. [16], estimate rotor 

position using back electromotive force (EMF), eliminating physical sensors [17]. Digital control methods 

based on Newton’s law also offer simple, effective solutions [18]. Intelligent controllers like GA-tuned fuzzy 

logic and queen bee evolution algorithms aim to improve dynamic response, though some show limitations in 

transient performance [19]-[24]. Optimization methods, including DE, PSO, spider, and population-based 

algorithms, have demonstrated improvements in reducing rise time, overshoot, and settling time [25]-[28]. 

Traditional controllers like pulse width modulation (PWM), back EMF, integral derivative (PID), 

and hysteresis band are commonly used for BLDC motor speed control [29]-[31]. While PWM and back 

EMF offer precise regulation, they often introduce ripple current and torque instability. PID controllers, 

especially when algorithmically tuned, provide stable and accurate control. Spider-based controllers have 

recently drawn significant interest for their enhanced dynamic response. However, existing literature 

[32]-[35] often examines these controllers in isolation, lacking direct comparisons with other methods. This 

study addresses that gap by performing a comparative analysis of PWM, PID, back EMF, and spider 

controllers using MATLAB/Simulink. The evaluation focuses on key performance indicators such as 

maximum overshoot, settling time, and steady-state error. The paper is organized as: Sections 1 and 2 

provide the introduction and describe the BLDC motor model along with the proposed modified bridgeless 

Ćuk converter. Section 3 outlines the different speed control strategies employed. Section 4 presents the 

analysis of both transient and steady-state responses. Section 5 details the simulation outcomes, and section 6 

ends up with summarized findings and suggested future research directions. 
 

 

2. SYSTEM CONFIGURATION OVERVIEW 

Figure 1(a) illustrates the full EV system, while Figure 1(b) highlights the BLDC motor control used 

to compare speed control methods. The setup includes a solar PV source, battery, modified bridgeless 

DC-DC converter, three-phase inverter, BLDC motor, and controller. Solar PV serves as the main power 

source, with the battery ensuring stability during fluctuations. The converter adjusts PV voltage to meet 

motor demands, and excess energy charges the battery. The inverter supplies AC to the motor, while the 

controller regulates speed based on error signals. BLDC motors are preferred in EVs for their efficiency and 

low maintenance. Speed control is implemented using sensor-based and sensorless methods. 

MATLAB/Simulink is used for system modeling and performance analysis. 
 

 

  

(a) (b) 
 

Figure 1. Schematic structure of EV: (a) EV structure and (b) schematic of a BLDC motor with a controller 
 

 

3. COMPUTATIONAL MODEL OF THE SYSTEM 

Figure 2 depicts the layout of a BLDC motor drive control system developed for electric vehicle 

applications. This configuration comprises five components: voltage source, buck converter, battery source, 

inverter, and the BLDC motor. Outlined below is the modeling process of each system. 

 

3.1.  Analytical model of BLDCM 

BLDCM used in this work operates in three phases, as it gives low torque and better efficiency. 

Some assumptions are made to build the analytical model of BLDCM. The stator winding is equally spaced 

with 60º. The BLDC motor modeling is written by considering Vas, Vbs, Vcs as stator voltages, stator 

resistance as R, ia, ib, ic as stator currents, and back EMF voltages as Ea, Eb, and Ec. For the design of a BLDC 

motor, we will neglect armature reaction, magnetic saturation, hysteresis, and vortex losses. 
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[

Vas

Vbs

Vcs

]=[
R 0 0
0 R 0
0 0 R

]*[

ia

ib

ic

]+[
L − M 0 0

0 L − M 0
0 0 L − M

]*
d

dt
 [

ia

ib

ic

]+[

Ea

Eb

Ec

] (1) 

 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0 (2) 
 

The line voltages are: 
 

[

Vab

Vbc

Vca

]=*[

ia

ib

ic

]+[
L − M 0 0

0 L − M 0
0 0 L − M

]*
d

dt
 [

ia

ib

ic

]+[

Ea − Eb

Eb − Ec

Ec − Ea

]  (3) 

 

where L is phase winding inductance (Henry) and M is mutual inductance (Henry). So, the torque (T) is 

expressed as (4).  
 

T =
1

ω
 (Eaia + Ebib + Ecic) (4) 

 

The nominal voltage and current of 35 V, 5 A, with the 2500 rpm rated speed rate is considered for 

simulation. Hence, BLDC motor’s transfer function is as (5). 
 

G(s) =  
0.01

0.05S2+0.6S+0.1
 (5) 

 

 

 
 

Figure 2. Configuration of a BLDC motor with a speed control drive 
 
 

3.2.  System elements 

3.2.1. Solar PV (SPV) system 

A single diode circuit is employed in constructing the SPV cell. The mathematical model of a PV 

cell is implemented using the MATLAB/Simulink platform. Figure 3(a) shows a PV topology construction. 

An AI-based P&O MPPT algorithm is used to track the maximum power point of the solar PV 

source. The corresponding MATLAB code is provided. The I-V characteristics of the PV module are shown 

in Figure 3(b). Figure 4(a) displays the gate pulse generated by the MPPT algorithm, which drives the 

modified Ćuk converter. For simulation, solar insolation is set at 230 V, 6.5 A, 1.5 kW, and 900 W/m². 

Output voltage, current, and power from the solar source are shown in Figure 4(b). 
 

a. Modified Ćuk converter and three-phase inverter 

The mathematical model of the system is formulated as follows. The modified Ćuk converter model 

is given as (6). 
 

𝐸𝑑𝑐−𝑜𝑢𝑡(𝑡) = 𝐸𝑑𝑐−𝑖𝑛 (𝑡) ∗ 𝜂𝑑𝑐 (6) 
 

Table 1 outlines the different operating modes of the modified Ćuk converter. The DC output from 

the solar system is first converted to AC, which serves as the converter’s input, comprising both positive and 

negative half-cycles. Based on these cycles, the converter operates in two switching modes defined by the 

ON/OFF states of its switches. Figures 5(a) to 5(d) illustrate the functioning of each mode. 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 14, No. 4, December 2025: 769-782 

772 

  
(a) (b) 

 

Figure 3. The SPV cell: (a) PV cell and (b) IV characteristics of a solar source 

 

 

  
(a) (b) 

 

Figure 4. Gate pulses: (a) gate pulses from MPPT and (b) voltage, current and power output of the solar 

 

 

  
(a) 

 

(b) 

  
(c) (d) 

 

Figure 5. Modes of operation: (a) Mode 1: Qp- ON, Qn- OFF, (b) Mode 2: both Qp, Qn- OFF (positive input 

cycle), (c) Mode 3: Qp- OFF, Qn- ON, and (d) Mode 4: both Qp and Qn- OFF (negative input cycle) 
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Table 1. Functional operation of converter 
Modes Active 

lines 
Working 

1 Qp-ON 

Qn-

OFF 

In the positive half-cycle of the input voltage, diodes DP and D1P become forward biased. Inductors L1P and L2P charge 

capacitor C1P, while L3P transfers energy to capacitor C2P. At the same time, the output capacitor CO supplies power to 

the load, and any surplus energy is directed to the battery for storage. 
2 Qp-

OFF 

Qn-
OFF 

In the positive half-cycle of the input signal, diodes Dn and D1P conduct, enabling inductors L1P and L2P to store energy 

and charge capacitor C1P. The stored energy in C1P is then transferred to capacitor C2P. Meanwhile, inductor L3P 

delivers energy to the output capacitor CO, which powers the connected load. When the wind system fails to generate 
sufficient energy, the battery steps in to supply the additional required power. 

3 Qp-

OFF 
Qn-ON 

In the negative half-cycle, diodes DP and D2n conduct, allowing inductors L1n and L2n to charge capacitor C1n. This 

capacitor energizes inductor L2n, while L3n and capacitor C2n supply power to output capacitor CO, which drives the 
load. When wind energy is insufficient, the battery provides backup power; any surplus energy is stored for later use. 

4 Qp-

OFF 
Qn-

OFF 

In the negative half-cycle, diodes DP, D2n, and D3n are forward biased. Inductors L1P and L2P charge capacitor C1P, 

while energy from C1n is transferred to C2n. Inductor L3n powers the output capacitor CO, which supplies the load. 
When wind energy is insufficient, the battery meets the excess power demand. 

 
 

The design parameters of the converter are determined from the analytical model. Converter 

specifications are calculated using (7) and (8). 
 

Let 𝐿1𝑃
=  𝐿1𝑛

, 𝐿2𝑃
=  𝐿2𝑛

 and 𝐶1𝑃
=  𝐶1𝑛

,𝐶2𝑃
=  𝐶2𝑛

  
 

𝐿1 =
𝑉𝑆∗ 𝑑1

∆𝐼𝐿1∗ 𝐹𝑠
= 1 𝑚𝐻 and 𝐿2 = 𝐿3 =

𝑉𝑆∗ 𝑑2

2∗∆𝐼𝐿2∗ 𝐹𝑠
= 100 𝜇𝐻 (7) 

 

𝐶1 = 𝐶2 =
𝐼𝑂∗ 𝑑1

∆𝑉𝐶1∗ 𝐹𝑠
= 0.8 𝜇𝐹 and 𝐶𝑂 =

𝑃𝑂

4∗𝜋∗∆𝑉𝐶𝑂
∗ 𝐹𝑠∗𝑉𝑂

= 440 𝜇𝐹 (8) 

 

The volt-second balance method is utilized for inductors L1 and L2, as calculated in (9) and (10). 
 

𝑉𝐶1
∗ (

1

2∗𝐿1
) − 𝑉𝑆 ∗ (

1

𝐿1
) = 0 (9) 

 

𝑉𝐶2
∗ 𝑑1 = 𝑉𝐶0

or 𝑉𝐶2
=

𝑉𝐶0

𝑑1
 (10) 

 

From the derived equations, VC0
 is obtained as shown in (11). 

 

𝑉𝐶0
=  −𝑉𝑆 ∗

(2−𝑑1)∗𝑑1

(1−𝑑1)
 (11) 

 

The charge balance approach is applied to C1, C2, and CO for steady-state analysis, as presented in (12)-(14). 
 

𝐼𝐿1
∗ (

−1

𝐶1
) + 𝐼𝐿2

∗ (
−1

𝐶1
) = 0 (12) 

 

𝐼𝐿2
∗ (

1

𝐶2
) + 𝐼𝐿3

∗ (
1− 𝑑1

𝐶2
) = 0 (13) 

 

IL3
* (

1

CO
) +  IL3

* (
1

CO
) -VC0

* (
1

R*CO
) = 0 (14) 

 

Solving the equations gives the relation as (15). 
 

𝐼𝑂 =
𝑉𝐶0

𝑅
=  𝐼𝐿1

∗
1

(1−𝑑1)
+  𝐼𝐿2

∗
1

(1−𝑑2)
 (15) 

 

Edc-out(t) is the DC link energy output in kWh, while Edc-in(t) is the input voltage converted to AC 

by the converter, with ηdc as its efficiency. Figure 6 shows the output voltage, current, and power of the 

modified Ćuk converter. Surplus energy charges the battery, and the DC output is later converted to AC. 
 

b. Battery 

The solar source relies on storage element to balance the fluctuations on load demand and the power 

generated. A battery of 48 V, 16 Ah has been chosen. Figure 7 illustrates battery voltage, current, and SOC. 

The charging/ discharging capacity of the battery can be calculated as: 
 

𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑦 (𝑡) = 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐴ℎ) 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴) ⁄  (16) 
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𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑦 (𝑡) = 𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑦 (𝑡 − 1) − 𝐸𝑁𝑒𝑒𝑑𝑒𝑑 (𝑡) (17) 
 

DOD (Depth of discharge)  =  (1 - d) * 100  (18) 
 

 

 
 

 

Figure 6. Converter output voltage, current, and power 
 

Figure 7. Battery voltage, current, and SOC 

 

 

3.3.  Approaches to BLDC motor speed regulation  

This work applies three techniques to control BLDC motor speed. The actual speed is compared 

with a reference, and the resulting error signal generates gate pulses to achieve the target speed. 

 

3.3.1. PWM speed control technique 

Figure 8(a) shows the commonly used speed control setup. The speed error is fed to a PWM 

generator, which adjusts the duty cycle to maintain the target speed. Figure 8(b) displays the inverter’s PWM 

pulses. 
 

 

 
(a) 

 
(b) 

 

Figure 8. PWM generation: (a) block diagram of PWM generator and (b) PWM pulses 
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3.3.2. PID based speed control strategy 

The pictorial diagram of a PID speed control technique is given in Figure 9(a). It consists of the 

actual process, PID controller, and a feedback system. In the absence of disturbances, it is assumed that the 

controlled variable c(t)c(t)c(t) closely approximates the desired input r(t). Gating pulses obtained using PID 

controller is shown in Figure 9(b). The transfer function is expressed as (19). 

 

𝐺𝑐(𝑠) = 𝐾𝑃 +
𝐾𝑖

𝑆
+ 𝐾𝑑  𝑠  (19) 

 

 

 
(a) 

 

 
(b) 

 

Figure 9. PID controller: (a) representation of PID controller and (b) gating pulses from PID controller 

 

 

3.3.3.  Back EMF (sensor less technique) 

In this method, switches are triggered by digital pulses from the back EMF observer. These pulses 

are decoded into gating signals. Inverter commutation is performed every 60 degrees to maximize torque 

output, aligning the rectangular current with the back EMF. Figure 10(a) presents the back EMF observer, 

while Figure 10(b) displays the corresponding gating signals. 
 

𝐸𝑏 = 𝐾𝑒 ∗ 𝜔𝑒 and 𝜔𝑒 =
𝜔𝑚𝑒𝑐ℎ

𝑃𝑛
  (20) 

 

Where ωmech is the angular velocity, ωe is the rotor speed, and P𝑛 is the pole pair. 
 

 

 
(a) 

 

 
(b) 

 

Figure 10. Back EMF observer: (a) functional representation and (b) gating through back EMF observer 
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3.3.4.  Spider control method 

The spider-based controller generates switching sequences by comparing the reference signal with 

feedback. Gate pulses are derived using speed and Hall sensor outputs. Back EMF and rectified voltage are 

compared to produce signals. The method is named for its resemblance to a spider’s web-building process.  

The switching follows the pattern shown in Table 2. The estimated Hall position is given in Table 3. 

The controlled gate pulses applied to the three-phase inverter are given in Figure 11(a). The estimated Hall 

position wave form is given in Figure 11(b). 
 

 

Table 2. Switching sequence of spider controller 
EMFa EMFb EMFc Q1 Q2 Q3 Q4 Q5 Q6 

-1 1 0 0 0 1 1 0 0 

1 -1 0 1 0 0 0 0 1 
-1 0 1 0 1 0 1 0 0 

1 0 -1 1 0 0 0 1 0 

0 -1 -1 0 1 0 0 0 1 
0 1 -1 0 0 1 0 1 0 

 

Table 3. Estimated hall position 
ha hb hc EMFa EMFb EMFc 

0 0 0 -1 1 0 

0 0 1 1 -1 0 
0 1 0 -1 0 1 

0 1 1 1 0 -1 

1 0 0 0 -1 -1 
1 0 1 0 1 -1 

1 1 0 0 1 -1 

1 1 1 0 0 0 
 

 

 

 
(a) 

 

 
(b) 

 

Figure 11. Spider controller: (a) duty cycle for inverter and (b) estimated Hall position waveform 
 

 

4. RESULTS AND DISCUSSION 

The proposed topology and control strategy are simulated in MATLAB/Simulink using the BLDC 

motor model derived from (1)–(8), with motor and converter specifications listed in Tables 4 and 5. BLDC 

motor speed is controlled using PWM, PID, back EMF, and spider controllers. A 3-arm inverter supports 

PWM at 500 Hz. Figure 12(a) shows a 1.32 overshoot with 0.03 s settling time. Figure 12(b) and Table 6 

compare all controllers at 2500 rpm under no-load and full-load. 
 

 

Table 4. Specifications of BLDC motor 
Parameter Rating 

Phase  3 

Number of pole 4 pairs- 8 poles 

Square flange size 80 mm 
Voltage rating 170 V 

Rating of the current 18 A 

Rating of the power    3 kW 
Speed rating 2500 rpm 

Holding torque 2.4 Nm 

Peak torque   6.6 Nm 
DC voltage 35 V 

 

Table 5. Simulation specifications of converter 
Parameter Rating 

Load voltage 48 V 

Load power 230 W 

Load current 6.5 A 
Inductor L1 1476 μH 

Inductors L2 = L3 1450 μH 

Capacitors C1 = C2 0.8 μF 
Capacitor CO 440 μF 

Switching frequency (Fs) 50 kHz 

Resistive load, RL 7.38 Ω 
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In this work, component values are kept constant across all controller types. Table 7 shows that the 

PWM controller results in higher peak overshoot, while the spider controller achieves better performance in 

terms of overshoot (Mp), rise time (tr), and settling time (ts), along with strong starting torque. Figure 13(a) 

displays stable stator current with the spider controller under varying loads. Figure 13(b) shows consistent 

electromagnetic torque (Te) at both no-load and full-load, indicating low torque ripple. Figure 13(c) confirms 

smooth operation with stable, sinusoidal back EMF. Figures 14(a) and 14(b) illustrate steady DC output 

voltage and current. Table 8 compares no-load output current, highlighting the spider controller’s superior 

stability and efficiency. 
 

 

Table 6. Comparison of different controllers 
Controller types Dynamic response Static response 

Rise time, tr Settling time, ts Peak overshoot, Mp Steady state error, ess 

PWM 0.05 s-(NL) 

0.02 s-(FL) 

0.25 s- (NL) 

0.22s- (FL) 

43%- (NL) 

45%- (FL) 

0.8- (NL) 

0.8- (FL) 

PID 0.05 s-(NL) 
0.019s-(FL) 

0.12 s- (NL) 
0.2 s- (FL) 

38%- (NL) 
41%- (FL) 

0.8- (NL) 
0.8- (FL) 

Back EMF 0.04 s-(NL) 

0.02 s-(FL) 

0.15 s- (NL) 

0.2 s- (FL) 

13%- (NL) 

11%- (FL) 

0.8- (NL) 

0.8- (FL) 
Spider 1e-6 s-(NL) 

1e-6 s-(FL) 

2e-6 s- (NL) 

2e-6 s- (FL) 

1%- (NL) 

0.01%- (FL) 

1e-3- (NL) 

1e-3- (FL) 

 

 

Table 7. Parameter of  

PID controller 
Parameter Values 

Proportional (Kp) 19.2 

Integral (Ki) 2.002 
Derivative (Kd) 0.00001 

 

Table 8. Load current RMS comparison using  

various controllers 
Method PWM PID EMFG Spider 

Output current RMS at load no load  0.6646 0.97 0.52 0.4046 

Applicable Difficult moderate easy Very easy 
 

 

 

 
 

(a) (b) 
 

Figure 12. Responses under various conditions: (a) step response and (b) speed controller (at various load) 
 

 

  
(a) (b) 

 

 
(c) 

 

Figure 13. Output of controllers: (a) stator current, (b) electromagnetic torque, and (c) back EMF 
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(a) (b) 

 

Figure 14. Output of converter: (a) DC load voltage and (b) DC load current 
 

 

4.1.  Hardware implementation 

Figure 15(a) shows BLDC motor speed control using a spider controller, while Figure 15(b) 

compares spider and PWM controllers. The spider controller demonstrates better transient and steady-state 

performance with fewer oscillations and more stable response. In contrast, the PWM controller responds 

slower and shows more fluctuations under load changes. A 24 V, 2 A, 48 W, and 1500 rpm BLDC motor is 

used. Current is measured using the cost-effective ACS712 sensor, and the HW IR201 sensor detects motor 

variations. A Hall Effect sensor monitors magnetic fields. Output voltage and current are fed into a 

PIC18F2550 controller powered by 5 V. This reprogrammable, flexible PIC interfaces with Simulink, 

enabling closed-loop control through PC connection. 

The components used for implementing hardware are given in Table 9. PWM signals obtained from 

the PIC controller that is applied to the inverter is given in Figure 16(a). It displayed a properly modulated 

PWM signal from the PIC controller, which, when applied to the inverter, results in a controlled and efficient 

motor operation. Figures 16(b) and 16(c) display the back EMF and stator current respectively. From Figures 

16(b) and 16(c), it is inferred that the minimized harmonic distortion ensures smoother motor operation and 

enhances the overall efficiency of the system. Any deviations from the sinusoidal shape, such as spikes or 

ripples, indicate problems with the inverter’s switching pattern or mechanical issues like load fluctuations.  

Figures 17(a) and 17(b) show the measured DC load voltage and current as 25V and 2A.  

The voltage across inductor L3p and output capacitor Co is 24.9 V and 1.3 V, as shown in Figures 17(c) and 

17(d). Hardware waveforms of input voltage and current are presented in Figures 17(e) and 17(f). Figures 

18(a) and 18(b) display the gate signals for Qp and Qn. 
 

 

  
(a) (b) 

 

Figure 15. Hardware results: (a) BLDC motor with spider controller and (b) speed controller using 

PWM/spider 
 

 

Table 9. Rating of hardware components 
Specifications Rating 

Input AC voltage 24 V 

Source power 72 W 
Source current 3 A 

Load voltage 24 V 

Load power 48 W 
Load current 2 A 

Inductor L1 1476 μH 

Inductors L2 = L3 1450 μH 
Capacitors C1 = C2 0.8 μF 

Capacitor CO 440 μF 

Lamp load RL 12 Ω 
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(a) 

 

(b) 

 
 

 

(c) 

 
 

Figure 16. Hardware outputs: (a) PWM signals, (b) stator current, and (c) back EMF 

 

 

(a) 

 

(b) 
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Figure17. Hardware results: (a) DC load voltage, (b) DC load current, (c) inductor VL3p,  

(d) voltage across capacitor (Co), (e) input voltage, and (f) input current 
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(a) (b) 

 

Figure 18. Hardware results: (a) gate signals applied to Qp and (b) gate signals applied to Qn 

 

 

5. CONCLUSION 

Industries like automobile, textile, electronics technology, and construction suffer with some 

sustainable problems. Especially automobile industries need sustainable transportation solutions. This paper 

responds to the demand for sustainable practices by examining different control methods, including PWM, 

PID, back EMF, and spider controller algorithms. The speed of the BLDC motor is initially regulated using 

the PWM control technique. Following this, a PID controller is integrated with the BLDC motor, and system 

performance is evaluated by comparing the error to the reference signal. Additionally, other control methods 

like the back EMF observer and spider controller algorithm are employed for switching. All techniques are 

compared under no-load and fully loaded conditions of the BLDC motor. Simulation results indicate that the 

spider controller technique provides superior performance for BLDC motors. Based on the comprehensive 

comparison of various techniques, the spider switching controller technique emerges as the recommended 

choice for BLDC motors in EV applications. The results and discussions emphasize the advantages of using 

position sensors for speed control of BLDC motors, enhancing both reliability and efficiency. So, sensor 

control is the only way where higher performance is required. The proposed system controller is also 

implemented in hardware. 
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