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 One of the most pressing environmental problems is the rapid increase in the 

production of greenhouse gases by transportation vehicles. This paper looks 

into SPEVs, or solar-powered electric vehicles. The answer to the problems of 

transportation-related pollution and fuel usage.  In an electric vehicle, the 

power comes from a battery that may be charged by solar panels or any other 

external power source. By making use of the perturb and observe (P&O) 

maximum power point tracking (MPPT) controller, one can achieve maximum 

power. The DC voltage that the photovoltaic module produces is amplified 

when it is fed into a voltage source inverter (VSI) via this enhanced output.  

The tool for the job here is a buck-boost converter. To power their wheels, 

EVs rely on brushless direct current (BLDC) motors and variable speed 

inverters (VSIs), which transform DC power from solar panels into AC power. 

We compare the efficiency of electric vehicles (EVs) attained by raising 

converter voltages and battery state of charge (SoC) using a PI controller, and 

we look at the performance of photovoltaic (PV) and brushless linear direct 

current (BLDC) motors. We use MATLAB/Simulink to do the validation. 
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NOMENCLATURE 
 

I : Output current of PV cell Rs, Rsh : Series and shunt resistances, respectively 

V : Output voltage of PV cell Ish : Current due to shunt resistance 

Iph : Photo-generated current  C : Elementary charge 1.6× 10−19 

ID : Diode current  K : Boltzmann constant 1.38 × 10−23J/K 

Ish : Shunt current 𝛶 : Idealist factor 

Voc : Open circuit voltage  T : Cell temperature  

Irs : Diode reverse saturation current (I0) Tr : Reference temperature 

Icsc : Cell saturation current at Trt KI : Short circuit current temperature coefficient at Iscr 

Iscr : Short circuit current NSC : The number of solar cells in the series in the solar module  

Vdc : Diode voltage NCP : the number of solar cells in parallel in the solar module  
 

 

1. INTRODUCTION 

Combustion engines, which power all contemporary modes of transportation, are extremely harmful to 

the environment due to the greenhouse gases they emit. Regardless, there have been vast shifts in transportation 
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technology, with a focus on electric vehicles (EVs) replacing internal combustion engines. The high price and 

limited range of electric vehicles are two reasons why many are skeptical about new transportation technology 

[1]. Electric vehicles that rely on solar power generally operate on energy that is generated by the sun. There 

will be no pollution with SPEVs. A few key advantages of solar-powered electric vehicles (SPEVs) include: 

being able to collect energy from the sun, reusing and recycling that energy through regenerative braking, 

minimizing mechanical losses, producing zero pollutants, being easy to install and operate, and being fault-

tolerant as a result of their improved energy efficiency [2]-[4]. The fact that electric vehicles require recharging 

every 60 to 70 kilometers driven is a downside that limits their market status and personal usage. But for now, 

a lot of people charge their electric cars in parking lots and at roadside stations. Recharging the battery of an EV 

typically takes between two and three hours, though this can vary greatly depending on the battery's capacity. 

The work [5] provides a novel mechanism that automatically charges the battery system in order to address the 

problem. By 2030, electric vehicles are likely to replace all internal combustion engine vehicles. Recently, a 

number of DC solar-powered electric vehicles have been produced and studied [6]. Solar panels are placed for 

the extraction of solar energy. Solar panels used in EV needs storage device to store electrical energy [7]. 

A control algorithm can approximate the nickel-metal hydride battery packs used in electric vehicles [8]. 

Traction battery packs are charged using a high-frequency AC-DC converter integrated with an electromagnetic 

interference filter [9]. Numerous studies have been conducted to increase the efficiency of PV systems. Various 

strategies are used to track the maximum power point from PV modules in order to obtain higher efficiency, and 

also numerous consumer-facing products that use these techniques are on the market [10], [11]. The most 

feasible and effective alternative renewable energy source is solar power [12]. 

The expense, energy limitations, and low power density of SPEVs make them impractical for usage 

in real-world scenarios [13]. The batteries in electric vehicles (EVs) and plug-in hybrid electric vehicles 

(PHEVs) typically consist of numerous cells connected in parallel or series. Various operational conditions 

and manufacturing inconsistencies can reduce the usable energy of these batteries [14], [15]. The design of an 

SPEV is presented in this research study, and MATLAB is used to simulate its operation. The maximum 

power point tracking (MPPT) technique is used to get a larger amount of electricity from the panels in a 

variety of scenarios [16]. The buck-boost converter receives the solar panel output power and raises the 

voltage to a predetermined level so that the battery can be charged via the charge controller. The charging 

process is terminated based on the battery’s status to prevent deep drain and overcharging. In automotive 

applications, brushless direct current (BLDC) motors are powered by a 3-ϕ voltage source inverter. 
 
 

2. METHOD 

This work focuses on the integration of renewable energy sources for charging electric vehicles. The 

workflow diagram of the methodology illustrates the operation of the SPEV system. The processes involved 

in the suggested methodology are shown in Figure 1. 
 

2.1.  Solar cell 

A basic equivalent circuit model of a photovoltaic array, constructed from series and parallel 

connections of PV solar cells. PV cell voltage is directly proportional to photocurrent, which is primarily 

determined by solar irradiation strength and load current [17]. Considering a single solar cell in Figure 2, a 

PV module can be modeled by using a current source, a diode, and two resistors. The equivalent circuit of a 

PV cell consists of photo current (Iph), a diode, series resistance (Rs), and parallel resistance (Rsh). The 

photo current is anti-parallel with the diode [18]. 

 

 

 
 

Figure 1. The block diagram of speed regulation in the BLDC motor 
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Figure 2. Single solar cell equivalent circuit 

 

 

Mathematical modelling of a solar cell in MATLAB: 

 

I=Iph-ID-Ish (1) 

 

I=Iph-Icrs{exp(AVD-1)}-
Vdc

Rsh
 (2) 

 

A=
C

NΥKT
 (3) 

 
VD=V+IRs (4) 

 

Icrs=Icsc [
T

Trt
]
3

 (5) 

 

Iph=[Isc+𝐾𝑖(T-Trt)]
1

1000
 (6) 

 
Applying Kirchhoff’s current law in the model shown in Figure 2. The current divided through the diode is: 

 

ID=Io ⌊exp
C(V+IRsr)

mkT
⌋-1 (7) 

 

Where Io = diode saturation current, m = diode quality factor, and Tc = absolute temperature of cell (K). 

 

I=Iph-Io (exp ⌊
C(V+IRs

mkT
⌋ -1) -

(V+IRs)

Rsh
 (8) 

 

The maximum output of the PV panel is as given (9)-(12). The current at the maximum power point, Impp is (9). 

 

Impp=Iph-Io (exp ⌊
C(Vmpp+ImppRs

mkT
⌋ -1) -

(Vmpp+ImppRs)

Rsh
 (9) 

 

Where 𝐼𝑚𝑝𝑝= maximum panel current, 𝑉𝑚𝑝𝑝 = maximum panel voltage, and 𝑃𝑚𝑎𝑥  = maximum power point 

by PV panel. 

 

Pmax=Vmpp {Iph-Io (exp ⌊
C(Vmpp+ImppRr

mkT
⌋ -1) -

(Vmpp+ImppRs)

Rsh
} (10) 

 

The Vout of the panel is given as (11) and (12). 

 

V=Nsc(Vdc-RsI) (11)        

 

I=Iph-Idc-Ish (12) 

 

The “Photovoltaic generator (PVG)” or “PV array” is composed of many PV Panels connected in 

Nsp-PV modules in series, Npp-PV modules in parallel panels to achieve desired values of voltage and current. 

 

Vpvm=Nsc×Nsp×Vp (13) 

 

Ipvm=Npc×Npp×Ip (14)            
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Where 𝑉𝑝𝑣𝑚 and 𝐼𝑝𝑣𝑚 are generated output voltage, current at the PV array module. Then we have to 

compute PV array voltage and current, which are 𝑉𝑝𝑣𝑎, 𝐼𝑝𝑣𝑎 and 𝑃𝑝𝑣𝑎. Where: 

 

Vpva=Vpvm×Nsc (15) 

 

Ipva=Ipvm×Npc (16) 

 

Ppva=Vpva×Ipva (17) 

 

2.2.  Perturb and observe the MPPT method 

An MPPT device measures the highest power output from the PV modules, transforms it into 

voltage, and then supplies the battery with the maximum current required for charging. The conversion rate 

of current MPPTs is 90–93% efficient. During summer, power gains are typically between 20% and 45%, 

whereas wintertime power gains range from 10% to 15%. The real power boost, however, is dependent on a 

number of variables, including battery charge and temperature [19]. Therefore, MPPT uses a perturb and 

observe (P&O) algorithm to maximize the power output from PV panels in order to run the load. The MPPT 

P&O algorithm is depicted in Figure 3. The P&O operates on the basis of comparing the latest power with 

the previous power in order to alter the voltage levels. 

 

 

 
 

Figure 3. Flow chart of the MPPT algorithm 

 

 

3. BRUSHLESS DC MOTOR (BLDC MOTOR) 

A BLDC motor converts electrical energy into mechanical energy. Among various types of motors, 

BLDC motors are particularly versatile due to their high efficiency, ease of control, lightweight design, and 

simplicity. One key advantage of BLDC motors over others is their power-saving capability. The motor's 

rotor and stator magnetic fields operate at the same frequency, and the absence of brushes enhances 

efficiency and extends the motor's lifespan. Additionally, BLDC motors experience fewer losses and offer 

superior starting torque [20]. Because of the above-listed advantages, three-phase BLDC motors are 

increasingly being used in electric vehicles. 

 

3.1.  Modelling of BLDC motor  

Figure 4 shows the overall setup for the speed regulation of the PV-fed BLDC motor. A BLDCM's 

rotor consists of three stator windings coiled around a permanent magnet.  It is possible to disregard rotor 
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currents due to the high resistance of magnets and stainless steel.  At this time, damper winding modeling is not 

provided.  Solving the equation for a three-winding circuit is all that's needed to find the phase variables [21]: 

 

[

𝑉𝑎𝑠𝑡

𝑉𝑏𝑠𝑡

𝑉𝑐𝑠𝑡

] = [

𝑅𝑠𝑡 0 0
0 𝑅𝑠𝑡 0
0 0 𝑅𝑠𝑡

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡

𝑖𝑐𝑠𝑡

] +
𝑑

𝑑𝑡
[

𝐿𝑎𝑎 𝐿𝑎𝑏 𝐿𝑏𝑐

𝐿𝑏𝑎 𝐿𝑏𝑏 𝐿𝑏𝑐

𝐿𝑐𝑎 𝐿𝑐𝑏 𝐿𝑐𝑐

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡

𝑖𝑐𝑠𝑡

] + [

𝑒𝑎

𝑒𝑏

𝑒𝑐

] (18) 

 

where Rs stands for stator resistance and vast, vbst, and vcst denote stator phase voltages. These three current 

icst, iast, and ibst flow through the stator in three phases. The phases Laa, Lbb, and Lcc each have their unique self-

inductance. Labor, LBC, and Lac are the phase-to-phase inductances. Electromotive pressures are linked to 

phases Ea, Eb, and Ec. It has been presumed that the resistance of each winding is equivalent. Additionally, it is 

believed that the lack of a visible rotor causes the rotor reluctance to remain constant regardless of the angle. 

The (19) and (20) are substituted for (18) to form the PMBDCM model. 

 

𝐿 𝑎𝑎 = 𝐿 𝑎𝑎  = 𝐿 𝑎𝑎  = 𝐿   (19) 

 

𝐿𝑎𝑎  =  𝐿𝑏𝑎  =  𝐿𝑎𝑐  =  𝐿𝑐𝑎  =  𝐿𝑏𝑐  =  𝐿𝑐𝑏  =  𝑀  (20) 

 

[

𝑉𝑎𝑠𝑡

𝑉𝑏𝑠𝑡

𝑉𝑐𝑠𝑡

] = [

𝑅𝑠𝑡 0 0
0 𝑅𝑠𝑡 0
0 0 𝑅𝑠𝑡

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡

𝑖𝑐𝑠𝑡

] +
𝑑

𝑑𝑡
[
𝐿 𝑀 𝑀
𝑀 𝐿 𝑀
𝑀 𝑀 𝐿

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡

𝑖𝑐𝑠𝑡

] + [

𝑒𝑎

𝑒𝑏

𝑒𝑐

] 𝑡 (21) 

 

The source voltages, which may be thought of as vast, vbst, and vcst 

 

𝑣𝑎𝑠𝑡  =  𝑣 𝑎𝑜  −  𝑣𝑛𝑜 , 𝑣𝑏𝑠𝑡  =  𝑣𝑏𝑜  −  𝑣𝑛𝑜 𝑎𝑛𝑑  𝑣 𝑐𝑠𝑡  =  𝑣 𝑐𝑜  −  𝑣 𝑛𝑜 (22) 

 

The zero-reference potential at the middle of the DC connection is represented by vno, while the three-phase 

and neutral voltages are vao, vbo, and vco, respectively. The stator phase currents are limited to be balanced. 

 

𝑖𝑎𝑠𝑡 + 𝑖𝑏𝑠𝑡 + 𝑖𝑐𝑠𝑡 = 0 (23) 

 

Because of this, the inductance grid is made easier to understand. 

 

𝑀𝑖𝑏  +  𝑀𝑖𝑐  =  −𝑀𝑖𝑎 

 (24) 

Consequently, in the realm of state space. 

 

[

𝑉𝑎𝑠𝑡

𝑉𝑏𝑠𝑡

𝑉𝑐𝑠𝑡

] = [

𝑅𝑠𝑡 0 0
0 𝑅𝑠𝑡 0
0 0 𝑅𝑠𝑡

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡
𝑖𝑐𝑠𝑡

] +
𝑑

𝑑𝑡
[
𝐿 − 𝑀 0 0

0 𝐿 − 𝑀 0
0 0 𝐿 − 𝑀

] [

𝑖𝑎𝑠𝑡

𝑖𝑏𝑠𝑡

𝑖𝑐𝑠𝑡

] + [

𝑒𝑎

𝑒𝑏

𝑒𝑐

] (25) 

 

Traditionally, it has been believed that the back EMFs (ea, eb, and ec) exhibit a trapezoidal wave coming  

from (26). 
 

[

𝑒𝑎

𝑒𝑏

𝑒𝑐

] = 𝜔𝑚𝜆𝑚 [

𝑓𝑎𝑠(𝜃𝑟)
𝑓𝑏𝑠(𝜃𝑟)

𝑓𝑐𝑠(𝜃𝑟)
] (26) 

 

Here, 𝜔𝑚 denotes the angular rotor speed in radians per second, m, the flux linkage, and r, the rotor 

position in radians. With a maximum magnitude of ±1, the functions 𝑓𝑎𝑠(𝜃𝑟), 𝑓𝑏𝑠(𝜃𝑟) and 𝑓𝑐𝑠(𝜃𝑟) are the 

same as 𝑒𝑎, 𝑒𝑏and 𝑒𝑐,. Due to their trapezoidal shape, induced emfs lack sharp corners. The derivatives of 

flux connections generate electromagnetic fields, which are continuous functions. A smooth and edge-free 

flux density function is the result of fringes [23]. 

The electromagnetic torque, according to Newton, is (27). 
 

𝑇𝑒  =  𝑒 𝑎𝑖𝑎  +   𝑒 𝑏𝑖𝑏 + 𝑒 𝑎𝑖𝑐  (27) 
 

The inertia is defined as (28). 
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 𝐽 =  𝐽 𝑚 + 𝐽𝑙  (28) 

 

Load torque Tl, inertia (J), and friction coefficient (B) are all variables in (29). 
 

𝐽
𝑑𝜔𝑚

𝑑𝑡
+ 𝐵𝜔𝑚 = (𝑇𝑒 − 𝑇𝑙) 

 (29) 

The speed-position relationship of the electrical rotor. 
 
𝑑𝜃𝑟

𝑑𝑡
=

𝑝

2
𝜔𝑚 (30) 

 

 

 
 

Figure 4. General configuration of the speed controller of the PV-fed BLDC motor 
 

 

Despite its typically insignificant size, the damping coefficient B affects the system. The equation 

"𝜃𝑟" which represents the rotor location, is repeated every 2π cycles. To keep the drive efficient and prevent a 

voltage imbalance, one must consider the potential of the point of neutrality in relation to zero potential 

(vno). We obtain by changing the VI equation from (25) to (24). 
 

𝑣𝑎0 + 𝑣𝑏0 + 𝑣𝑐0 − 3𝑣𝑛0 = 𝑅𝑠(𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐) + (𝐿 − 𝑀)(𝑝𝑖𝑎 + 𝑝𝑖𝑏 + 𝑝𝑖𝑐) + (𝑒𝑎 + 𝑒𝑏 + 𝑒𝑐) (31) 
 

Substituting (23) in (31) yields the following: 
 

𝑣𝑎0 + 𝑣𝑏0 + 𝑣𝑐0 − 3𝑣𝑛0 = (𝑒𝑎 + 𝑒𝑏 + 𝑒𝑐)        
 

Thus: 
 

𝑣𝑛0 = [𝑣𝑎0 + 𝑣𝑏0 + 𝑣𝑐0] − (𝑒𝑎 + 𝑒𝑏 + 𝑒𝑐)]/3  (32) 
 

There is a connection between the differential (25), (29), and (30). defines the model by the 

production use of variables that are self-governing 𝑖𝑎𝑠𝑡 , 𝑖𝑏𝑠𝑡 , 𝑖𝑐𝑠𝑡 , 𝜔𝑚 and 𝜃𝑟. Combining all relevant equations 

yields (33). 
 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢 + 𝐶𝑒  (33) 
 

Where: 
 

𝑥 = [𝑖𝑎𝑠𝑡 𝑖𝑏𝑠𝑡 𝑖𝑐𝑠𝑡 𝜔𝑚 𝜃𝑟]
𝑡 (34) 

 

𝐴 =

[
 
 
 
 
 
 
 
 −

𝑅𝑠𝑡

𝐿−𝑀
0 0 −

𝜆𝑚

𝐽
𝑓𝑎𝑠(𝜃𝑟) 0

0 −
𝑅𝑠𝑡

𝐿−𝑀
0 −

𝜆𝑚

𝐽
𝑓𝑏𝑠(𝜃𝑟) 0

0 0 −
𝑅𝑠𝑡

𝐿−𝑀
−

𝜆𝑚

𝐽
𝑓𝑐𝑠(𝜃𝑟) 0

𝜆𝑚

𝐽
𝑓𝑎𝑠(𝜃𝑟)

𝜆𝑚

𝐽
𝑓𝑏𝑠(𝜃𝑟)

𝜆𝑚

𝐽
𝑓𝑐𝑠(𝜃𝑟) −

𝐵

𝐽
0

0 0 0
𝑃

2
0]
 
 
 
 
 
 
 
 

 (35) 
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𝐵 =

[
 
 
 
 
 −

1

𝐿−𝑀
0 0 0

0 −
1

𝐿−𝑀
0 0

0 0 −
1

𝐿−𝑀
0

0 0 0 −
1

𝐿−𝑀]
 
 
 
 
 

 (36) 

 

𝐶 =

[
 
 
 
 
 −

1

𝐿−𝑀
0 0

0 −
1

𝐿−𝑀
0

0 0 −
1

𝐿−𝑀

0 0 0 ]
 
 
 
 
 

 (37) 

 

𝑢 = [𝑣𝑎𝑠𝑡 𝑣𝑏𝑠𝑡 𝑣𝑐𝑠𝑡 𝑇𝑙]
𝑡 (38) 

 

𝑒 = [𝑒𝑎 𝑒𝑏 𝑒𝑐]𝑡 (39) 
 

 

4. CONTROL STRATEGY  

A proportional-integral (PI) controller is a type of feedback controller commonly used in control 

systems to maintain a desired output by adjusting the input. It combines two control actions: proportional (P) 

and integral (I). 

- Proportional control (P): The proportional part of the controller generates an output that is directly 

proportional to the current error, which is the difference between the desired set point and the actual 

process variable. This helps to reduce the overall error quickly. However, a proportional controller alone 

may not completely eliminate the steady-state error [20].  

- Integral control (I): The integral part of the controller sums the error over time, correcting any 

accumulated offset that the proportional action alone could not eliminate. This action helps to eliminate 

the steady-state error, ensuring the output eventually matches the desired set point [24]. 
 

C(t)=Kp[e(t)+(1/τi)∫edt] (40) 
 

C(s)=Kp(1+1/ τis) (41) 
 

Figure 5 represents a proportional-integral (PI) control system, often used in control systems for 

managing error signals and ensuring the desired output is achieved. We and Te
* represents input error signal 

and the final output, respectively. The gain K corresponds to the steady state value of the output Css [25]. 

The value of Kp, 𝜏i of the controllers can then be calculated as below: 

 

Kp=1.2(T/L) (42) 

 

τi=2L (43) 
 

 

 
 

Figure 5. Proportional and integral gain 
 
 

5. RESULTS AND DISCUSSION 

Figure 6 shows the voltage outputs from the PV panel, battery, and DC link without and with a PI 

controller, where the temperature is kept at 25 °C, and the irradiation ranges from 0 to 1000 W/m2. From  

Figure 6(a), it is noted that the PV panel voltage is less than 30 V in the absence of a PI controller. As shown in 

Figure 6(b) with the PI controller, it is noted that the buck-boost converter boosts the PV panel's output voltage 
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to higher than 40 V, and feeds it to the battery so that it can be charged. The use of the PI controller also led to 

an increase in the battery voltage.  

Figure 7 shows the output current of the photovoltaic module, battery, and diode without and with a PI 

controller, where the temperature is kept at 25 °C, and the irradiation ranges from 0 to 1000 W/m2.Without a PI 

controller, there are fluctuations in the battery current during charging and discharging. Figure 7 shows the 

current outputs of the photovoltaic module, battery, and diode without and with a PI controller. As seen in 

Figure 7(a), when the battery is being charged using a PI controller, the battery current will reach 18 A, while 

the PV panel's output current is only-35 A. Figure 7(b) shows the variation of PV panel and battery current 

without controller we can observe that the battery current is about 12 A. By using a PI controller, the 

fluctuations are reduced, and the current reaches the desired value 

 

 

  
(a) (b) 

 

Figure 6. The variation in the voltage of the PV panel, battery (a) without PI and (b) with PI controller 
 

 

  
(a) (b) 

 

Figure 7. Variation of PV and battery current (a) without PI and (b) with PI controller 
 

 

The power variation without and with the PI controller is shown in Figures 8(a) and 8(b).  

Figure 8(a) illustrates that the absence of a PI controller in the system results in noticeable ripples in the PV 

panel's output power, which leads to increased power loss. Figure 8(b) shows that the PV panel's output 

power ripples are reduced by the PI controller at the output, and there is also less power loss than without the 

PI controller. The variation of state of charge (SoC) without and with PI controller is shown in Figures 9(a) 

and 9(b). It is observed that during charging mode, the SoC of the battery is increased proportionally in both 

cases, but after 0.7 sec, there is a variation in discharging mode. It discharges fast without a PI controller, 

whereas the discharge is very slow and less with a PI controller. 

The output voltage variation of the converter without a PI controller and with a PI controller is 

shown in Figures 10(a) and 10(b). The PV panel with MPPT can produce an output voltage of around 40 V 

and a power of more than 800 W when exposed to different radiation levels between 0 W/m2 and 1000 W/m2 

at a temperature of 25 °C. These results are displayed in Figure 10. The buck-boost converter will enhance 

the output voltage from 40 V to 220 V. A charge controller feeds this voltage to the battery. VSI is supplied 

by a battery to provide an AC voltage that powers the BLDC motor. 
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(a) (b) 

 

Figure 8. The power variation (a) without PI and (b) with PI controller 
 

 

  
(a) (b) 

 

Figure 9. The SoC variation of the battery (a) without PI and (b) with PI controller 
 

 

  
(a) (b) 

 

Figure 10. The output voltage variation of the converter (a) without PI and (b) with PI controller 
 

 

The speed response of the driving system without a PI and with a PI controller at no load and 50% 

load condition. At no load, the speed response of the BLDC motor driving system without PI and with a PI 

controller is shown in Figure 11. It is noticeable that the motor reaches a constant speed of 3000 rpm in  

0.25 seconds. Overshoot and speed ripple occur in the absence of a PI controller. Additionally, it was seen 

that without a PI controller, the rise time increases until it settles down to the rated speed. 

At 50% full load, the speed response of the BLDC motor driving system without a PI controller and 

with a PI controller is shown in Figure 11. It is noticeable that the motor reaches a constant 

speed of 3000 rpm at a time equal to 0.15 seconds. By applying the load at 0.05 sec speed is decreased for 

both with and without a PI controller. There are slight overshoots and undershoots in both without and with 

the PI controller. The PI controller has led to an improved rise time and reduced peak overshoot in the speed 
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response. The variation of efficiency of the proposed system without PI and with PI controller is shown in 

Figures 12(a) and 12(b). It is evident from Figure 12 that the suggested system achieves an efficiency of 

80%. Here, the difference between the PV panel's output power and the ideal output power is used to 

compute the efficiency. The efficiency of the system is improved with a PI controller. 

Table 1 shows the performance comparison between the system without a PI controller and with a 

PI controller. Without the PI controller, the system has a rise time of 520 ms, whereas with the PI controller, 

the rise time reduces to 450 ms, indicating a faster response to reach the desired value. The overshoot also 

decreases from 14% to 12%, which improves system stability and reduces stress on the motor. Similarly, 

torque ripple is reduced from 18% to 14%, resulting in smoother motor operation, less vibration, and reduced 

mechanical wear. In addition, the overall efficiency increases from 78% to 84% with the PI controller, 

showing better utilization of input power and reduced losses. Use of a PI controller enhances response speed, 

stability, smoothness of operation, and energy efficiency of the system. 
 
 

 
 

Figure 11. Speed response without PI and with PI controller at no load and load conditions 
 
 

  
(a) (b) 

 

Figure 12. Efficiency of the proposed system (a) without PI and (b) with PI controller 
 

 

Table 1. Comparison of dynamic performance using different controllers 
Controller Rise time (ms) Overshoot (%) Torque ripple (%) Efficiency (%) 

Without PI 520 14 18 78 
With PI 450 12 14 84 

 

 

6. CONCLUSION 

The design and improvement of the dynamic performance of a solar-powered brushless DC (BLDC) 

motor drive system for electric vehicles (EVs) utilized in agricultural applications are effectively 

demonstrated in this paper. An economic and ecological energy supply is ensured by integrating a solar 

photovoltaic (PV) system, which lessens environmental impact and dependency on traditional fuels.  Under 

various load and irradiation settings, the BLDC motor demonstrated enhanced torque responsiveness, 

decreased speed variations, and increased efficiency thanks to the suggested control technique. Solar-

powered electric vehicles (SPEVs) generate electricity using photovoltaic (PV) panels. A BLDC motor 

drive's speed is controlled by a PI controller, and the controller's performance is examined with other 
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parameters like PV power, battery power, and inverter power. This study describes the modeling and 

simulation of the complete driving system. Performance prediction over several operational settings serves as 

an indicator of the model's effectiveness. Using MATLAB/Simulink, the efficiency of the system with and 

without a PI controller is compared. The suggested system performs better in terms of control than it did 

without the PI controller. Fully relying on solar energy has certain drawbacks as well, such as a restricted 

range and a high initial cost. However, they can be avoided by carrying out additional studies in this field 

utilizing certain intelligent controllers and by using extremely effective solar cells, which have an efficiency 

of 30–35%. SPEVs in the future will be more functional. In order to further optimize performance and 

guarantee scalability for large-scale agricultural deployment, future work may concentrate on integrating 

sophisticated intelligent control algorithms like adaptive neuro-fuzzy or fractional-order controllers and real-

time implementation on hardware prototypes. 
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