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Abstract - This paper compares two DC-DC converters to apply electric vehicle charging. The primary supply source is the 

solar photovoltaic system, whereas the battery is an auxiliary power unit. They power up the BLDC motor. SEPIC and Cuk-

SEPIC converters are used for comparative analysis. A control logic has been designed, implementing the regenerative 

braking logic. With regenerative braking, the energy gets stored in the vehicle battery, by which the vehicle’s drive range can 

be increased. Incremental Conductance MPPT draws the most power from the photovoltaic panel. Switching logic to the gate 

of the inverter is given to avoid using an additional bi-directional DC-DC converter to reverse current flow during braking 

action. This reduces the cost, and the efficiency increases. The entire system is implemented in MATLAB/Simulink. 

Keywords - BLDC motor, SEPIC converter, Cuk-SEPIC converter, Regenerative braking, Incremental conductance. 

1. Introduction 
The necessity of renewable energies is emerging 

significantly, with the extinction of fossil fuels shortly. The 

availability of renewable energy makes it an advantage to use 

them as a source of supply. With the rapid growth in the field 

of power electronics concerning innovation and technology, 

the application of these renewable energy sources has 

increased. They are non-exhaustible, and they do not cause 

any damage to the environment during their usage, though 

they have few effects in the manufacturing process. 

Photovoltaic systems use solar energy from the sun as a 

significant supply source [11, 12]. Various maximum power 

point techniques have evolved to extract the maximum power 

from the sun over time. With the extinction of fossil fuels and 

the current environmental crisis, the evolution of renewable 

energy sources and the introduction of electric vehicles over 

Internal Combustion Engine (ICE) vehicles are growing.  

An electric vehicle is propelled by an electric motor that 

receives energy from the battery and can be supplied from a 

separate source, like solar Photovoltaic system. A significant 

issue with using electric vehicles is charging stations for the 

batteries. Moreover, if the size of the battery is increased for a 

long time, then the cost increases and efficiency decreases. In 

order to avoid such losses, we can use the energy from 

regenerative braking. Regenerative brake technology is an 

energy retrieval method that dips a vehicle moving by 

transforming its energy from motion (K.E) into something 

that may be utilized instantly or saved until it is required 

again. In the proposed system, a solar photovoltaic array will 

be interlinked to a BLDC motor via an inverter and DC-DC 

converter [13, 14]. Maximum power point techniques 

maximize the output power obtained at SPV terminals. The 

output DC-DC converter will be fed to a phase VSI, which 

will feed the BLDC motor. The model that has been 

suggested is seen in Figure 1. The paper structure is as 

follows. The introduction part includes the idea and the 

workflow of the above model. Section II the PV systems and 

MPP technique are mentioned. SEPIC and Cuk-SEPIC 

converter designing is seen in section III. Section IV shares a 

detailed explanation of the proposed system, followed by 

simulation results and conclusions. 

2. Design of Solar Photovoltaic System 
In the proposed system, elements like BLDC motor and 

power electronic switches may account for mechanical, power 

losses and switching losses, respectively. For this reason, we 

take the PV array power rating as greater than our 

requirement, such that it meets the load demand. Table 1 

shows the PV array parameters obtained from the PV array 

block in Simulink. Generally, the voltage at maximum power 

point is 78% of Open Circuit Voltage (Voc), i.e., 0.78*48 = 

37.44 Volts and the current at maximum power point is 92% 

of short circuit current, i.e., 0.92*9.36 = 8.71A. The BLDC 

motor we considered has a power rating of 1KW [7]. So, we 

need to get power per the panel’s requirement. If we consider 

peak sun hours as 5 hours, then the maximum energy 

extracted by the panel from the sun is 326*5=1630 Wh. If 

10% losses are considered, then the total harnessed energy 

from the sun by solar panel is 1467 Wh. 
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Fig. 1 Block diagram of the proposed system 

Table 1. Block parameters of PV array 

Module User-Defined 

Maximum Power 326.1024W 

Open Circuit Voltage 48V 

Short Circuit Current 9.36A 

Voltage at MPP 37.44V 

Current at MPP 8.71A 

Irradiance 1000W/m2 

Temperature 25℃ 

Series Strings 1 

Parallel Strings 1 

 

2.1. Incremental Conductance MPP Technique 

The photovoltaic system uses the incremental 

conductance MPPT technique at its peak power. This 

technique uses a DC-to-DC converter to regulate the direct 

duty cycle. The MPP is the point where an incremental 

conductance (ΔIpv/ΔVpv) matches the negative of actual 

conductance (Ipv/Vpv). The MPPT algorithm regulates the duty 

cycle, and switching pulses to the converters matching the 

duty cycle are created using a pulse width modulated 

generator. As seen in Figure 2, at MPP, the gradient is zero, 

minus to the right, and positive to the left, i.e. 

𝑑𝑃𝑝𝑣

𝑑𝑉𝑝𝑣
 = 0; at MPP 

𝑑𝑃𝑝𝑣

𝑑𝑉𝑝𝑣
 > 0; left at MPP   

𝑑𝑃𝑝𝑣

𝑑𝑉𝑝𝑣
 < 0; right at MPP        (1) 

Since, 

      
𝑑𝑃𝑝𝑣

𝑑𝑉𝑝𝑣
 = 

𝑑(𝑉𝑝𝑣∗𝐼𝑝𝑣)

𝑑𝑉𝑝𝑣
 = Ipv +Vpv * 

𝑑𝐼𝑝𝑣

𝑑𝑉𝑝𝑣
 ≅ Ipv +Vpv *

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
   (2) 

Hence (1) can be written as: 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
 = 

𝐼𝑝𝑣

𝑉𝑝𝑣
 ; at MPP 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
 > - 

𝐼𝑝𝑣

𝑉𝑝𝑣
 ; left of MPP 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
 < -  

𝐼𝑝𝑣

𝑉𝑝𝑣
 ; right of MPP     (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 2 Power vs Voltage curve of solar panel [1] 
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Fig. 3 Incremental conductance code 

The equations from (1) to (3) are taken from [6]. 

Therefore, from the above relation in equation 3, this 

technique allows the operating point to move forward (the 

duty cycle is decreased) if it is on the left of the peak power 

point and backwards (the duty cycle is increased) if it is on 

the right side. This increase or decrease stops when the 

operating point reaches the maximum power point. As the 

amount of the change decreases, the system controller takes 

longer to monitor the MPP of the PV array. To achieve the 

goals of MPPT and the gentle starting of BLDC motors, the 

cognitive understanding of recording time and the change in 

size is maintained. Furthermore, an ideal displacement size 

(∆D=0.0001) is chosen, which fosters a gentle beginning and 

reduces fluctuations near the MPP. The code executed in the 

MATLAB functional block that illustrates the incremental 

conductance method is seen in Figure 3. 

3. Design of Converters 
3.1. SEPIC Converter 

The Single-Ended Primary-Inductance Converter 

(SEPIC) enables the voltage at its output to be higher, lower, 

or equivalent to the voltage for the device’s input. The 

regulation of the SEPIC’s output is contingent upon the duty 

ratio of the control switch (S1). The SEPIC is also called the 

single-ended primary-inductor converter. The SEPIC 

converter integrates a variety of features of buck as well as 

boost converters, thereby enabling a circuit to accommodate 

variable input voltages while maintaining a consistent output 

voltage. The SEPIC topology facilitates voltage conversion 

from one level to another by enabling energy transfer 

between the capacitive and inductive components. Switch 

S1, which is commonly a MOSFET transistor, regulates the 

quantity of energy that is transferred. The expression for the 

output voltage can be represented as Vo=VS*
𝐷

1−𝐷
. 

SEPIC converter’s circuit diagram is seen in Figure 4. 

The design parameters of the SEPIC converter are 

determined by utilizing equations derived from the circuit 

diagram, which are subsequently implemented in the 

MATLAB editorial section. The resulting circuit parameters 

are then utilized in the simulation process. The section of the 

MATLAB editor where the circuit equations have been 

executed and the parameters have been derived is seen in 

Figure 5. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

Fig. 4 Circuit diagram of SEPIC converter [2] 
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Fig. 5 Circuit parameters of the SEPIC converter

3.1.1. Cuk-SEPIC Converter 

The Cuk-SEPIC converter is a hybrid of the SEPIC and 

Cuk converters. These converters share identical voltage 

conversion ratios, denoted as (
𝑉𝑜

𝑉𝑖𝑛
), and possess an equivalent 

number of active and passive elements. However, they differ 

in polarity concerning the common connection point.  

The converter is designed with a singular power device to 

regulate both converters, thereby eliminating the requirement 

for synchronization with additional switches. The Cuk-SEPIC 

converter exhibits a more excellent conversion ratio, i.e.,      

𝑉𝑜

𝑉𝑖𝑛
 = 

2𝐷

𝐷−1
. A singular switch is utilized to regulate the Cuk 

and SEPIC converters simultaneously. The SEPIC converter 

can generate a positive voltage, whereas the Cuk converter 

can produce a negative voltage. Consequently, the Cuk-

SEPIC converter operates in a bipolar manner. The switch 

facilitates the provision of a congruent ground reference for 

both positive and negative output voltages. Cuk-SEPIC 

converter’s circuit diagram is seen in Figure 6. Figure 7 

depicts the circuit parameters derived from circuit equations 

formulated and executed within the MATLAB editor section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

Fig. 6 Circuit diagram of Cuk-SEPIC converter [4]
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Fig. 7 Circuit parameters of the Cuk-SEPIC converter

4. Proposed System
The Simulink models shown in Figures 8 and 9 were 

constructed and executed utilizing the MATLAB/Simulink 

platform. Two distinct DC-DC converters are employed, 

namely the SEPIC converter, as shown in Figure 8, and the 

Cuk-SEPIC converter, as shown in Figure 9. The proposed 

model derives the energy required to overcome frictional 

forces in the vehicle from a combination of solar panels and 

batteries. The primary power source is a Photovoltaic (PV) 

panel with a power output of 326 watts. The PV panel is 

subjected to an irradiance of 1000
𝑊

𝑚^2
and a temperature of 

25°C.  

The SEPIC converter receives its supply from the PV 

panel’s output. The converter’s gating pulse is sourced from 

the PWM converter used within the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8 Simulink model that has been proposed, featuring a SEPIC converter 
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Fig. 9 Simulink model that has been proposed, featuring the Cuk-SEPIC converter 

This methodology involves the continuous adjustment of 

the array terminal voltage following the Maximum Power 

Point (MPP) voltage, which is determined by the 

instantaneous and incremental conductance of the 

Photovoltaic (PV) module [3, 5, 8, 9]. An auxiliary power 

unit utilizing a Lithium-Ion Battery with a nominal voltage of 

48V and a capacity of 100Ah is employed. It is electrically 

interconnected through the Direct Current (DC) link 

capacitor. The motor is driven by an AC output generated by 

a three-phase inverter, which serves as the power input and 

converts the DC output of the converter.  

In order to implement regenerative braking, a circuit was 

employed to interrupt the signal transmission to the 

MOSFETs and the torque data transmission to the motor four 

seconds after commencing the simulation. The control 

mechanism utilized for the switching process is derived from 

the hall sensors. The subsystem receives hall signals from a 

BLDC motor and produces gate signals supplied to the 

inverter. The design of the switching logic controller is 

depicted in Figure 10, and the inverter is supplied with gate 

pulses.  

 

 

 

 

 

 

 

 

 
Fig. 10 Controller logic for gate pulses to inverter 
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During the 0 to 4 seconds, the energized BLDC motor 

was operating. Regenerative braking was executed after a 

time interval of 4 seconds. In order to expedite the simulation 

process, a delay of 1 second was incorporated into the torque 

data.  

During the initial 4-second interval, the motor was 

provided with torque data and the MOSFETs were subjected 

to a switching signal. In the fourth second, the switch blocks 

received a pulse signal to implement the braking logic, and 

after 4 seconds, slowly, the vehicle started decelerating. 

5. Simulation Results 

The suggested system is simulated using a SEPIC and a 

Cuk-SEPIC converter, and the findings are as follows. Figure 

11 shows the solar panel’s highest power output with SEPIC 

and SEPIC-Cuk converter attached, drawing the total power 

amount. However, the distortion is more significant in the 

situation of the SEPIC converter.  The scope findings in 

Figure 12 to Figure 15 show the machine’s performance 

parameters when operated with both converters. They are 

essentially the same as the machine’s inherent characteristics, 

irrespective of the type of DC-DC converter employed. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 MPP of the converters 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12 Hall signals from BLDC motor 
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Fig. 13 Back EMF of BLDC motor 

 

 

 

 

 

 

 

 

 

 

Fig. 14 Speed of BLDC motor 

 

 

 

 

 

 

 

 

 

 

Fig. 15 Torque of BLDC motor

V
o

lt
s 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

-50 

Time (seconds) 

0                1                2                3                4                5                6               7                8                9             10 

R
P

M
 

800 
 

 
600 

 
400 

 
200 

 
 

0 

Time (seconds) 
0               1               2                3                4               5                6               7                8               9             10 

N
-m

 

20 
 

15 
 

10 

 

5 

 

0 

 

-5 

 

-10 

Time (seconds) 
0                1               2               3                4               5                6               7                8                9            10 



Dusa Bhavya & A. Raghuram / IJEEE, 10(9), 11-21, 2023 

19 

Battery SoC is depicted in Figure 16 and Figure 17, 

which show a percentage of charging or discharging. The 

torque information is provided with a 1 second lag to speed 

up the simulation. In the scenario of a SEPIC converter, the 

power source and photovoltaic array supply the load for up to 

4 seconds. On the other hand, Cuk-SEPIC converter is unique 

in that it can generate reverse polarity; as a result, the current 

flows in the opposite direction from the beginning and is 

charged right away by the solar panel.  

At four seconds, the regenerative logic is activated; thus, 

the current flow goes from the load to the battery. As a result, 

we observe an increase in battery SoC, which indicates that 

the battery is charging. Therefore, the energy is being 

regenerated and stored in the battery. The incoming currents 

of the two converters are shown in Figure 18, where it is seen 

that the SEPIC converter experiences more significant 

oscillations. At the same time, the latter stabilizes after a few 

transients.

 

 

 

 

 

 

 
Fig. 16 Battery state of charge with SEPIC converter

 

 

 

 

 

 

 

 

 

 
Fig. 17 Battery state of charge with Cuk-SEPIC converter 
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Fig. 18 Input current of converter 

6. Conclusion 
Based on the simulation results presented, it can be 

inferred that the Cuk-SEPIC converter exhibits reduced ripple 

content due to coupling between the input and output 

inductors. Both converters achieved a maximum power output 

of 326W using the maximum power point tracking technique. 

The variations in the SEPIC converter are more significant in 

magnitude than those observed in the Cuk-SEPIC converter. 

Therefore, by reducing the input current ripple, the 

photovoltaic system can be guaranteed to operate close to its 

maximum power point. When the regenerative braking 

control logic is engaged in a SEPIC converter, the current 

flows in a direction opposite to its original direction, resulting 

in battery charging. Battery voltage is utilized during the 

process of motoring in the absence of brake application. In the 

context of the Cuk-SEPIC converter, it can be observed that 

the battery is charged from the outset, indicating that the PV 

system is providing power to both the battery and the load. 

This happened because of the bipolar voltage characteristic of 

the Cuk-SEPIC converter, which allows for the flow of 

current towards the battery from the PV system, resulting in 

an initial voltage supply to the battery. Upon application of 

regenerative braking control logic, the battery voltage 

experiences an increase. Subsequently, upon complete 

application of the brakes, the battery State of Charge (SoC) 

stabilizes. 
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