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 For use in solar-assisted hybrid electric vehicle applications, a multiport 

bidirectional switched reluctance motor (SRM) drive is suggested in this 

research. Since the photovoltaic (PV) system's output voltage is low and 

insufficient to reach the necessary voltage level, a high gain KY converter is 

used to increase the PV output. The 8/6 SRM receives the steady converter 

output via the (n+1) diode (n+1) converter architecture with the help of the 

proportional integral (PI) controller. A PI controller regulates the SRM's 

speed. A bidirectional battery converter connects the battery, which is 

attached to the DC bus, to the extra power from the PV. A PI controller 

manages the bidirectional battery converter's operations. When necessary, 

the battery transfers the excess energy from the PV to the SRM drive. The 

outcomes demonstrate that, when examined using MATLAB simulation, the 

recommended methodology functions well. 
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1. INTRODUCTION 

Social progress and energy growth are intrinsically tied to human survival. The paradox that fossil 

fuel supplies are running out while energy use is rising arises from advances in science and  

technology [1], [2]. Hence there is always new crises and dilemmas encountered by us. The only option is to 

use renewable energy sources (RES) which are less abundant and are derived from naturally regenerated 

sources [3]. Due to the abundance of solar irradiance compared to other RES, solar photovoltaic (PV) 

systems have recently played an important role in renewable energy systems (RESs) [4].  

Solar energy [5] is uncontaminated and emits no pollutants once installed. They have numerous 

advantages, including unlimited access and being inexpensive. Additionally, solar energy generates an 

energy output that is more stable than wind energy. Solar farms are built on the roofs of buildings like homes 

or offices and are used to generate electricity on a large scale. They don't need a separate installation site. 

There are two ways to use the solar framework: off-grid (stand-alone) and grid-connected. Applying various 

DC-DC converters, such as boost [6], single-ended primary-inductance converter (SEPIC) [7], and Cuk [8], 

improves the output of PV panels. 

As advances in science and technology advance, people will inevitably encounter new problems and 

difficulties. One such problem is the conflict that exists between the growing need for energy and the finite 

supply of fossil fuels. The main goal of global energy development going forward is to solve the power 

shortage and reduce carbon emissions by creating new energy sources instead of relying on fossil fuels. The 
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energy problem in the transportation industry may be resolved by the use of electrical vehicles (EVs), which 

depend less on traditional sources of energy. EVs are a recent scientific breakthrough. 

EVs are more fuel-efficient, and when energy costs are taken into account, charging an EV is less 

expensive than fueling a diesel or gasoline vehicle. By utilizing RES, EVs are made more environment 

friendly. As a result, many literature studies are being conducted to advance the overall efficiency of EVs 

while also lowering costs. But the issues with current EV technology include a short range, a high initial cost, 

and a lengthy recharging time. Many cities and developing nations may not find it problematic that EVs have 

a limited range. Even in these appropriate locations, there is now a barrier to admission due to the absence of 

fast-charging facilities. Hybrid EVs (HEVs) are one option for getting over the drawbacks of EVs [9], [10]. It 

is possible to create HEV technology to address the aforementioned EV drawbacks. The drawbacks of using 

various EV motors [11], [12] like induction motors (IMs), permanent magnet synchronous motor (PMSM), 

and switching reluctance motors (SRM) motors [13] like low cost, long range EVs and contemporary 

methods to overcome them have been discussed. The results show that SRM is found to be a better option 

due to its economic advantages. However, it creates a lot of commotion and fluctuations in torque, which 

makes it difficult for EVs to use. 

To solve this problem, prime mover with induction motor (IM) [14], [15] SRM have been proposed. 

Induction motors were commonly utilized in solar EV system in the past. Permanent magnets and rotor 

windings are not present in SRMs, which are noted for their more robust and straightforward construction. 

SRMs are a viable alternative for HEVs due to a number of inherent advantages, including efficient operation 

and high initial torque during first accelerations [16], [17]. In an attempt to improve machine performance, a 

variety of novel SRM drive configurations and related control algorithms have been investigated [17], [18]. 

An integrated converter with three ports is shown, which can minimize the DC-link capacitance and reduce 

current ripple. Consequently, the SRM drive's price and volume can be lowered [19]. The SRM operates on 

the basis of the magneto resistance reducing principle in the previously specified driving topologies, in which 

the unsmooth unilateral square-wave energy drives the stator winding. Because of this, there is still a lot of 

torque ripple and vibration, which has a negative impact on how comfortable an EV is to drive [20], [21]. 

The key benefit of this arrangement is that DC motors may be linked directly to solar array. However, 

the system performance may not be optimal in this instance. As a result, a DC-DC converter might be used to 

efficiently drive the system. Induction motors are magnet less, so they are less expensive than PMSMs. IMs 

are only used for high power rating applications. The drawback of IM is that it cannot be used for low power 

applications. SRM is used in EVs over other types of electric motor because of its great efficiency and control 

flexibility [22]–[24]. The stability analysis of the controllers is done using state space analysis. 

The SRM system incorporates several voltage enhancing converters to improve the horsepower of 

the motor and provide broad speed control. These converters are used to link the solar panel with the load and 

serve as an impedance matching device. In order to choose the best power converter, different types of DC-

DC power converters have been explored. Buck-boost, Cuk, boost, and SEPIC converters are widely used 

DC-DC converters. These power converters are usually integrated with maximum power point tracking 

(MPPT) controller [25]. In SRM-based HEV system a cascaded multiport converter has been proposed. This 

converter provides flexible energy conversion. However, switching losses prevent the proposed system from 

becoming more efficient. An incremental conductance (InC) approach to extracting peak power from solar 

system is presented. The light electric vehicles (LEVs) driving range has been improved. However, the 

system optimization is lacking. 

In this work, a multi-port bidirectional SRM drive for solar based hybrid EV is proposed. A high 

gain KY converter is incorporated into the circuit. To increase PV voltage, the resultant power of the PV 

panel is linked to the KY converter. As a result, the drive input voltage is increased and the fluctuations of 

voltage are also minimized. The proposed system is validated using MATLAB simulation. 

 

 

2. DEVELOPED SYSTEM USING A PROPORTIONAL INTEGRAL (PI) CONTROLLER 

The process of enhancing the speed control of the SR motor in driving the electrical vehicle using 

(n+1) diode (n+1) semiconductor topology is introduced in this work and Figure 1 shows a block schematic 

that develops the system's operation. Considering that PV systems are sporadic, a low output voltage is 

obtained. Hence a KY converter is used to boost the voltage with good voltage regulation. The switching 

pulses are generated at a switching frequency of 1 MHz. To stabilize the converter voltage a PI controller is 

utilized resulting in a regulated output voltage. The converter output is given to the SR motor without any 

disruptions whereas the motor speed is controlled by comparing 𝑁𝑎𝑐𝑡  and 𝑁𝑟𝑒𝑓  with PI controller.  

A bidirectional battery conversion that operates simultaneously in buck and boost modes stores the extra 

power from PV cells in a battery. This reduces power loss and motor power shortages, which improves 
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system performance throughout a larger range without requiring any complicated adjustments. Moreover, the 

battery operation gets tuned by the implementation of the PI controller in an efficient manner. 
 

 

 
 

Figure 1. Block schematic for the suggested system 
 

 

3. SYSTEM MODELLING 

The design and operational measures of components used in this system are remarkably explained in 

the subsequent section with detailed analysis. The solar PV system and the KY converter is explained in 

detail as follows. Mathematical expressions related to SR motor are derived and the design of PI controller is 

also described in this section. 
 

3.1.  Solar PV system 

The best-known application of PV is to generate electricity by engaging solar cells to transform 

solar energy into electron flow through the PV effect. Solar cells utilize sunlight to produce DC electricity 

that runs devices or recharges batteries. The current source 𝐼𝑃𝐻  in the equivalent circuit of PV is parallel 

connected to the diode D as portrayed in Figure 2 in which 𝑅𝑆 and 𝑅𝑆𝐻 represents series and shunt resistance 

respectively. In general, 𝑅𝑆𝐻 is too large whereas 𝑅𝑆 is too small. 
 
 

 
 

Figure 2. Equivalent PV system circuit 
 
 

The mathematical expression of the voltage and current is basically expressed as (1). Here, the cell 

temperature is taken as T, parallel connected cells count is represented as 𝑁𝑃, series resistance is signified as 

𝑅𝑆, the photo current is detailed as 𝐼𝑃𝐻, series connected cells count is signified as 𝑁𝑆, A be the ideal factor,  

t k is described as Boltzmann constant and saturation current of module is specified as 𝐼𝑆. The 𝐼𝑃𝐻  is linearly 

depended on solar irradiance and temperature, which is thus expressed as (2). 
 

𝐼𝑃𝑉 = 𝑁𝑃𝐼𝑃𝐻 − 𝑁𝑃𝐼𝑆 [𝑒𝑥𝑝
𝑞(𝑉+𝐼𝑅𝑆)

𝑁𝑆𝑘𝑇𝐴
− 1] (1) 

 

𝐼𝑃𝐻 = [𝐼𝑆𝐶 + 𝐾1(𝑇 − 𝑇𝑅)]𝜆 (2) 
 

Here, solar irradiance range is indicated as 𝜆, short circuit current as 𝐼𝑆𝐶 , reference temperature as 𝑇𝑅 

and temperature of short circuit current is indicated as 𝐾1. This results in the expression for reverse saturation 

current at reference temperature, shown as (3). 
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𝐼RS =
𝐼SC

𝑒𝑥𝑝[
𝑞𝑉OC

𝑁𝑆𝑘𝑇𝐴
]
  (3) 

 

Here, the circuit voltage is indicated as 𝑉𝑂𝐶 . The obtained voltage of PV is then fed to the KY converter as 

input in an efficient manner. 
 

3.2.  KY converter 

The significance of the KY converter in the process of maximizing PV output is extremely high as it 

has maximal transient response, high gain, improved efficiency and synchronous rectification. It involves 

enhancing the output voltage by minimizing the stress and ripples in the voltage. It is also capable of 

effectively compensating the load voltage. The circuit representation of a KY converter is illustrated  

in Figure 3. With its capacity to respond quickly in a transient, it maximizes PV output over a larger range. 

This converter's voltage gain is shown as (4). 
 

𝑀 =
𝑉𝑜

𝑉𝑖
= 1 + 𝐷  (4) 

 

By the slew rate of current that flows through L in no load condition 𝑆𝑅𝐿, the output inductor is  

evaluated as (5). 
 

𝑆𝑅𝐿 =
2𝑉𝑖−𝑉𝑜

𝐿
  (5) 

 

Hence: 
 

𝐿 =
2𝑉𝑖−𝑉𝑜

𝑆𝑅𝐿
  (6) 

 

Here, output voltage is indicated as 𝑉𝑜, current through L is indicated as I and input voltage are 

indicated as 𝑉𝑜. Similarly, capacitor output is evaluated by considering the slew rate of output current in the 

rated load condition as (7). 
 

𝐶 =
𝛥𝑄

𝛥𝑉𝐶
  (7) 

 

Here, the peak-peak voltage is taken as 𝛥𝑉𝐶. Thus, the proposed converter performs well in improving low 

voltage of PV in an efficient manner, which is turn enhances the efficiency of the system performance. 
 

3.3.  (n+1) diode (n+1) semiconductor power converter 

The obtained output of KY converter is applied to the SR motor through the suggested power 

converter. This implementation of this power converter topology is extremely beneficial since it extremely 

minimizes the cost and losses by having fewer switches, which significantly improves the disruption free 

operation of the system. For all the diodes and switching devices, the voltage rating 𝑉𝑑𝑐 is small and the 

circuit illustration of this topology is significantly highlighted in Figure 4 to enhance the operation of the 

power converter in an efficient manner. The circuit includes four diodes (𝐷, 𝐷1, 𝐷2, 𝑎𝑛𝑑 𝐷3), four switches 

(𝑇1, 𝑇2, 𝑇 3, 𝑎𝑛𝑑 𝑇4) and four phase windings (𝐴, 𝐵, 𝐶, 𝑎𝑛𝑑 𝐷), which are illustrated in the subsequent figure. 
 
 

  
 

Figure 3. Circuit diagram of a KY converter 
 

Figure 4. (n+1) diode (n+1) semiconductor power converter 
 

 

As specified in Figure 4, it employs less diodes and power switches. From the DC source, the phase 

winding A gets energized during ON condition of switches 𝑇 𝑎𝑛𝑑 𝑇1 whereas the stored energy in windings 
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phase, A is returned to mains via 𝐷 𝑎𝑛𝑑 𝐷1 during the OFF condition of switches 𝑇 𝑎𝑛𝑑 𝑇1. B gets energised 

during the ON condition of switches 𝑇 𝑎𝑛𝑑 𝑇2 whereas the stored energy in B gets returned to mains via 

𝐷 𝑎𝑛𝑑 𝐷2 during the OFF condition of switches 𝑇 𝑎𝑛𝑑 𝑇2. Through 𝐷 𝑎𝑛𝑑 𝐷3, the preserved energy in 

winding C is returned to the mains when the switches 𝑇 𝑎𝑛𝑑 𝑇3 are opened whereas the winding C is charged 

when 𝑇 𝑎𝑛𝑑 𝑇3 are closed. Similarly, the conserved energy in winding D is returned to the mains through 

𝐷 𝑎𝑛𝑑 𝐷4 when 𝑇 𝑎𝑛𝑑 𝑇4 are opened but it gets charged when the switches 𝑇 𝑎𝑛𝑑 𝑇4 are closed. The attained 

output of this power converter is the fed to the SR motor as the input. Where are the output terminals in the 

KY converter Figure 4. 
 

3.4.  Expressions related to SR motor 

The implementation of a 4Φ SR motor with 8/6 stator and rotor poles is preferred in this present 

work for driving the electric vehicle. In this motor, all the phases are identical and the common inductance 

among the phases is ignored. In accordance with the time, the voltage given to the phase is expressed as (8) 

and (9). 
 

𝑉 = 𝑅𝑠𝑖 +
𝑑𝜓(𝜃,𝑖)

𝑑𝑡
 (8) 

 

𝜓 = 𝐿(𝜃, 𝑖)𝑡  (9) 
 

Here  𝜓 and 𝑅𝑠 signify the flux linkage and resistance per phase whereas L signifies the inductance. Phase 

voltages is expressed in terms of the inductance as (10). 
 

𝑉 = 𝑅𝑆𝑖 +
𝑑{𝐿(𝜃,𝑖)𝑖}

𝑑𝑡
  

𝑉 = 𝑅𝑆𝑖 + 𝐿(𝜃, 𝑖)
𝑑𝑖

𝑑𝑡
+ 𝑖𝜔

𝑑𝐿(𝜃,𝑖)

𝑑𝜃
  (10) 

 

The subsequent equation specifies the induced EMF as (11) and (12). 
 

𝑒 =
𝑑𝐿(𝜃,𝑖)

𝑑𝜃
𝜔𝑚𝑖 = 𝑘𝑏𝜔𝑚𝑖 (11) 

 

EMF constant: 
 

𝑘𝑏 =
𝑑𝐿(𝜃,𝑖)

𝑑𝜃
  (12) 

 

the SR motor’s equivalent circuit representation is remarkably depicted in Figure 5 in an efficient manner. 

The following expression specifies the Instantaneous input current as (13) and (14). 
 

𝑃𝑖 = 𝑅𝑆𝑖2 + 𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝑡
+ 𝐿(𝜃, 𝑖)𝑖

𝑑𝑖

𝑑𝑡
   (13) 

 
𝑑

𝑑𝑡
(

1

2
𝐿(𝜃, 𝑖)𝑖2) = 𝐿(𝜃, 𝑖)𝑖

𝑑𝑖

𝑑𝑡
+

1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝑡
 (14) 

 

Substitute (14) is obtained as (13) and (15). 

 

𝑃𝑖 = 𝑅𝑆𝑖2 +
𝑑

𝑑𝑡
(

1

2
𝐿(𝜃, 𝑖)𝑖2 +

1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝑡
)  (15) 

 

Here, the resistive loss is indicated as 𝑃𝑖 . The rate of air gap power and changes in field energy is indicated as 𝑃𝑎. 

 

𝑃𝑎 =
1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝑡
  (16) 

 

By considering the time, it is specified as (17). 

 

𝑃𝑎 =
1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝑡
=

1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝜃
.

𝑑𝜃

𝑑𝑡
  

𝑃𝑎 =
1

2
𝑖2 𝑑𝐿(𝜃,𝑖)

𝑑𝜃
𝜔𝑚  (17) 

 

Thus, the product of rotor speed and torque is mentioned as 𝑃𝑎, which is as in (18). 

 

𝑃𝑎 = 𝜔𝑚𝑇𝑒  (18) 
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Therefore, the SR motor functions well in operating the electric vehicle in an efficient manner which is 

validated through analysis of the before mentioned formations. 
 

3.5.  Design of PI controller 

The role that a PI controller provides in regulating output from the converter, SR motor speed and 

battery operation are significantly high in this present work as it analyzes the carrier signal with the reference 

signal and generates the optimized output in an enhanced way. The block illustration of this PI controller is 

presented in Figure 6. The PI controller produces the error sign as its output and this controller produces 

output signal 𝑢(𝑡) with two levels like integral of input signal and input signal 𝑒(𝑡). Moreover, it involves in 

minimizing steady state error. The error and output signal of the controller are equivalent to each other which 

is obtained as (19) and (20). 
 

𝑢(𝑡) ∝ [𝑒(𝑡) + ∫ 𝑒(𝑡)𝑑𝑡] (19) 
 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝑡)𝑑𝑡  (20) 
 

Here, 𝐾𝑖 = 𝑐𝑜𝑠
𝜃

𝐴1
 indicates integral gain and 𝐾𝑝 = −𝜔1 𝑠𝑖𝑛

𝜃

𝐴1
 indicates proportional gain. The transfer 

function of this PI controller is thus mentioned as (21). 
 

𝐺𝑐(𝑠) =
𝑈(𝑠)

𝐸(𝑠)
=

𝐾𝑝+𝐾𝑖

𝑠
  (21) 

 

Therefore, it is evaluated that a PI controller is highly efficient in controlling converter, motor and battery 

control parameters. 
 

 

 
 

 

Figure 5. Equivalent circuit of SR motor 

 

Figure 6. Representation of PI controller 
 

 

3.6.  Charging and discharging circuit of a battery 

The bidirectional battery converter is employed to lessen the wastage and shortage of power supply 

since it operates in both the buck and boost modes for regulating power flow control. It is highly 

advantageous in lessening the interruptions in the operation of the system without any complexities since it 

retains the optimal value of DC link voltage in an efficient manner. The power flow in a bidirectional way is 

significantly illustrated through the circuit representation in Figure 7. The battery discharges the power 

through the inductor to the motor during the discharging mode whereas the battery gets charged from the 

inductor during the charging mode, which in turn enhances the cumulative performance of the system in the 

process of driving the electric vehicle without any interruptions. Thus, the contribution of this battery 

converter is highly advantageous. 
 

 

 
 

Figure 7. Charging and discharging circuit for bidirectional power flow of a battery 
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4. RESULTS AND DISCUSSIONS 

In this study, a multi-port bidirectional SRM drive for solar-powered HEV applications is described. 

The parameters of SRM motor and PV panel are given in Tables 1 and 2, respectively. MATLAB/Simulink is 

used to simulate the suggested work, and the associated outcomes are achieved. Initially a reference voltage 

of 600 V is maintained by the converter, which is further enhanced and stabilized with the support controller 

approach. In contrast a 1500 rpm is assigned to be the reference speed which is operating at a switching 

frequency of 1 MHz. The switching pulses are generated based on the switching frequency applied to the 

system. The configuration characteristics of the PV system under examination are displayed in Table 1. 
 

 

Table 1. Parameter specifications of solar panel 
S.L. Parameters Values 

1 Peak power current (Imp) 5.42 A 

2 Short circuit current (Isc) 5.86 A 

3 Peak power voltage (Vmp) 18.75 V 

4 Quantity of series-connected cells (Ns) 36 

5 Open circuit voltage (Voc) 22.68 V 

6 Peak power (Pmp) 8 KW, 16 Panels 

 
 

Table 2. Parameter specifications of SRM 
S.L. Parameters Values  S.L. Parameters Values  

1 Motor rating (Hp) 1 Hp 6 Rotor inertia 0.1 lb-ft2 

2 Supply voltage (V) 230 V AC (rms) 7 Peak system efficiency(ɳ) 91% 
3 Rated speed (rpm) 3600 rpm 8 Insulation class F 

4 Number of phases 4 9 Current (I) 3.24 A 

5 Supply frequency (f) 50 Hz    

 

 

4.1.  Determination of stability 

Utilizing a combination of feedback, frequency response analyses have been utilized to examine the 

stability of the KY converter's control system. The transfer functions derived from state space models are 

used to generate the frequency response plots. It is possible to derive the transfer function from an open loop 

of the system using the state space model. The open loop transmit factor can be seen in (22). 

 

𝐺(𝑠) = 𝑐(𝑠𝐼 − 𝐴)−1𝑏  (22) 

 

When switch 𝑄1 is ON and 𝑄2 is in OFF state, the voltage equation becomes (23). 

 

−𝑉𝑑𝑐 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑉0 = 0  (23) 

 

On neglecting voltage drop across capacitor𝐶𝑏, the equation becomes (24) and (25). 
 

𝑑𝐼

𝑑𝑡
=

𝑉𝑑𝑐

𝐿
−

𝑉0

𝐿
  (24) 

 

𝐼 =
𝑉𝑑𝑐

𝐿
−

𝑉0

𝐿
  (25) 

 
The formula yields the current flowing through capacitor C. 

 

𝑖𝑐=𝑐.
𝑑𝑉𝑜

𝑑𝑡
 

 
𝑑𝑉𝑜

𝑑𝑡
=

1

𝑐
. 𝑖𝑐 =

1

𝑐
(−𝐼𝐿 + 𝐼)  (26) 

 

𝑉𝑜 = −
1

𝑐
⋅

𝑉𝑜

𝑅
+

𝐼

𝑐
  (27) 

 

[
𝐼
𝑉𝑜

] = [
0   

−1

𝐿
1

𝑐
    

−1

𝑅𝑐

] [
𝐼
𝑉𝑜

] + [
𝑉𝑑𝑐

𝐿

0
]  (28) 

 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 13, No. 3, September 2024: 571-582 

578 

𝑟 = [1   1] [
𝐼
𝑉𝑜

]; 𝐴 = [
0   

−1

𝐿
1

𝑐
    

−1

𝑅𝑐

];𝐵 = [
𝑉𝑑𝑐

𝐿

0
]and 𝐶 = [1   1]  (29) 

 
The stability of a certain feedback control system is assessed using an open loop transfer function 

Bode plot. Table 3 lists the system parameters for KY converter circuit that are taken into consideration for 

analysis. Figure 8 represents the classical controller approach. 

By using state feedback approach the results are obtained for the output matrix C = [1 1] 

respectively. Figure 9 shows the matching frequency response plot. While the phase margin has a value of 

1.9 degrees, the gain margin has an infinite value. Hence the system is said to be stable using a PI controller 

with the control parameters Vo and I. 

 

 

Table 3. Parameters of  

KY converter 
S.L. Parameters Values  

1 DC link voltage (Vdc) 16 V 

2 Output voltage (Vo) 24 V 
3 Switching frequency (fs) 10 kHz 

4 Output power (Po) 0.1 kW 

5 Inductor (L) 8 µH 
6 Capacitor (C) 850 µF 

 

 
 

Figure 8. Classical PI controller 
 

 

 
 

Figure 9. Frequency response plot of the open loop transfer characteristic of the KY converter circuit 
 

 

4.2.  Simulation results  

The results obtained using MATLAB/Simulink for the proposed work are as follows: The main 

objective of the proposed simulation shown in Figure 10 is to provide a constant supply for the uninterrupted 

functioning of the SR motor. The PV output is applied to the converter to generate an increased DC voltage. 

The gain parameters for the PI controller are selected as shown in Table 4 for the efficient functioning of the 

converter. The obtained DC link voltage is used for energizing the SR motor. The SOC of the battery is 

maintained at a specific level which when increased, can be used to energize the motor. 
 
 

Table 4. PI controller parameters 
S.L. Parameters Values 

1 Proportional gain (𝐾𝑝) 0.1 

2 Integral gain (𝐾𝑖) 0.01 

 
 

The switching pulse obtained from the PWM generator is indicated in Figure 11. In order to ensure 

that the KY converter operates well, continuous signals are given to its relays via the PI controller, which 

also helps to regulate the PWM generator. Figure 12 denotes the waveform for battery SOC which indicates a 

charge level of 80%. The DC link receives the extra energy generated by the battery to power the SR motor. 
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The back EMF waveform of the SRM is given in Figure 13. The waveform initially has fluctuations 

and then it stabilizes from 0.15 s at the constant value of about 120 V. From 0.6 s, the back EMF of the SRM 

is 140 V. The current waveform of the SRM is given in Figure 14. The current rapidly varies up to 0.15 s and 

then it stabilizes at around 0.3 s and reaches the value of 5 A. 
 

 

 
 

Figure 10. Simulation diagram 
 

 

 
 

 

Figure 11. Switching pulses to the converter 
 

Figure 12. Waveform of the battery SOC 
 
 

  
 

Figure 13. Motor back EMF waveform 

 

Figure 14. Motor current waveform 
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Figure 15 depicts the motor's speed waveform. Initially, the reference speed is maintained at 1500 

rpm and it reaches 2000 rpm at 0.6 s. The actual speed of the SRM shows fluctuations at the beginning and 

becomes stable after 0.15 s. The torque waveform of the SRM is displayed in Figure 16. The torque of the 

motor fluctuates initially till 0.15 s and reaches the value of 5 Nm at 0.3 s. 

Figure 17 shows the graphical representation of efficiency for converters such as boost, Cuk, 

SEPIC, and the planned KY converter. From Figure 17, it is observed that boost converter attains the lowest 

efficiency of 90% followed by Cuk and SEPIC converter with 91.2% and 92.38% efficiency. However, the 

maximum efficiency of 94.8% is attained by the proposed KY converter. Figure 18 shows the voltage gain 

that various converters may achieve. In contrast to current converters such as boost, Cuk, and SEPIC, which 

yield gain values of 1:1.5, 1:3, and 1:8, the KY converter proposed in this work reaches a high peak voltage 

rise of 1:10. Settling time attained using various converters in comparison with proposed KY converter is 

depicted in Figure 19. It is observed that KY converter shows best settling time of 0.65 s, in contrast to other 

converters like boost, Cuk, and SEPIC settles at 0.89 s, 0.81 s, and 0.78 s respectively. 
 
 

  
 

Figure 15. Motor speed waveform 
 

Figure 16. Motor torque waveform 
 

 

  
 

Figure 17. Comparison of efficiency 
 

Figure 18. Voltage gain comparison 
 

 

 
 

Figure 19. Comparison of settling time using converter 
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5. CONCLUSION 

The increasing need for electrical power, the diminishing reserves of fossil fuels, and the negative 

effects of rising temperatures have made the development of a clean and sustainable power generation and 

transportation system imperative. This research proposes a multi-port bidirectional SRM drive for solar-

based HEV applications. Utilizing a high gain KY converter, the PV output is raised since the system voltage 

is low and unable to supply the required voltage. Using a (n+1) diode (n+1) circuit design, the converter 

output is routed to the 8/6 SRM with the assistance of a PI controller to ensure its stability. In order to control 

SRM speed, a PI controller is employed. A bidirectional battery converter connects the battery to the DC bus, 

serving as a supplemental supply. A PI controller regulates both the bidirectional battery converter's boost 

and buck modes of operation. Lastly, the effective functioning of the suggested system is confirmed through 

the use of the MATLAB simulation. 
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