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ABSTRACT 
The Single Ended Primary Inductor Converter (SEPIC) is widely employed in electric vehicle (EV) charging 
applications due to its capability to provide a non-inverted output voltage with both step-up and step-down 
operation. When interfaced with an AC supply through a diode bridge rectifier, SEPIC-based converters often 
suffer from poor input power factor (PF) and high total harmonic distortion (THD). This paper presents an 
open-loop SEPIC-based AC–DC converter integrated with a passive source-side input filter to improve input 
power quality without relying on closed-loop control or active current shaping. The proposed system is 
analyzed using MATLAB/Simulink under resistive(R), resistive–inductive(R– L), and battery (R–L–E) load 
conditions. Simulation results demonstrate considerable THD reduction and PF improvement across all load 
types. Owing to its structural simplicity and reduced control complexity, the proposed approach is suitable 
for cost-sensitive and retrofit EV charging systems. 

KEYWORDS: SEPIC converter, AC–DC conversion, passive power factor correction, total harmonic 
distortion, Electric vehicle charging.
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1. INTRODUCTION 

The rapid growth of electric vehicles and 
renewable energy technologies has increased the 
demand for efficient and grid-compliant power 
electronic converters [1], [2],[19]. EV charging 
infrastructure, in particular, imposes stringent 
requirements on input power quality, as excessive 
harmonic distortion and poor power factor can 
adversely affect grid stability, increase distribution 
losses, and violate regulatory standards such as 
IEEE-519 and IEC-61000 [8],[15],[16].Therefore, 

improving power factor and minimizing harmonic 
distortion are essential design objectives. 

Among non-isolated DC–DC converter 
topologies, the Single Ended Primary Inductor 
Converter (SEPIC) has gained significant attention 
due to its ability to operate in both buck and boost 
modes while maintaining a non-inverted output 
voltage [3]–[6]. Compared to conventional buck, 
boost, and buck–boost converters, SEPIC converters 
offer improved flexibility, lower component stress, 
and enhanced suitability for battery-based energy 
storage systems [4], [5], [14]. 

To interface with AC sources, SEPIC converters 
are typically preceded by diode bridge rectifiers. 
However, this configuration introduces significant 

current distortion and poor power factor due to the 
non-linear conduction of the rectifier[6],[7],[12]. 
Although closed-loop power factor correction (PFC) 
techniques can mitigate these issues, they require 
complex control algorithms, additional sensors, and 
higher system cost[9], [10]. 

Passive power factor correction techniques 
provide a viable alternative by improving input 
current quality through appropriately designed 
source-side filtering without increasing control 
complexity [11], [18]. Motivated by these 
considerations, this work investigates the 
performance of an open-loop AC–DC SEPIC 
converter with passive input power factor correction 
under different load conditions relevant to EV 
charging applications 

This paper investigates a simplified open-loop 
SEPIC- based AC–DC converter with passive input 

power factor correction suitable for multi-load EV 
charging applications. The main contributions of this 
work are Analysis of power quality degradation in 
open-loop AC–DC SEPIC converters under multiple 
load conditions, Design and evaluation of a passive 
source-side filtering approach for power factor 
improvement THD minimization without closed-
loop control, Comparative performance assessment 
with and without PFC for resistive, inductive, and 
battery loads. 

The system architecture consists of an AC input 
source, an active filter, a rectifier stage, the SEPIC 
converter, and different load configurations 
including R, R–L, and battery loads. The block 
diagram is shown in (figure.1). By filtering 

harmonics at the input, the converter operates more 
efficiently, maintaining near-unity power factor and 
reduced harmonic distortion before DC conversion. 

 

 
Figure 1: Block diagram of the Proposed AC-DCSEPIC converter. 

2. EXISTING SYSTEM 

In many recently deployed EV charging 
applications, the existing power conversion 
architecture primarily relies on converting AC 
supply into DC through a controlled rectifier stage, 

which is then followed by a SEPIC-based DC–DC 

converter for voltage regulation and power transfer 
[1], [2]. 

In this configuration, the rectifier operates based 
on gate triggering signals, allowing controlled 
conduction Fig.2 and producing a regulated DC 
output that is stored across a smoothing capacitor 

located at the rectifier output. This DC voltage is 
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subsequently processed by the SEPIC converter to 
deliver a stable and appropriately regulated voltage 

to the load typically a battery pack used for fast 
charging [4], [5]. 

 
Figure 2: Circuit of the Existing System in Matlab Simulation. 

Although this arrangement provides acceptable 
performance for basic charging tasks, it exhibits 
significant power quality limitations at the input 
side. Specifically, the system demonstrates a low 
power factor of approximately 0.5898 and a high 
total harmonic distortion (THD) of about 38.92%, 

both of which exceed the permissible range defined 
by Institute of Electrical and Electronics Engineers 
standards [8]. The presence of excessive harmonics 
in the input current leads to inefficient power 
utilization, increased line losses, and potential 
interference with other connected grid equipment. 

Figure 3: Simulation Results of THD Measurement of the Existing System in matlab Simulation. 
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Furthermore, because there ctifier is gate-controlled, the 
system requires an external triggering circuit, which 
increases both the complexity and the physical size of the 
hardware. This additional circuitry not only raises 
implementation costs but also reduces system reliability 
over extended operation[10].(figures2–4)in the original 
analysis illustrate the simulated performance of the 
conventional design, showing distorted input current 

waveforms, significant harmonic content, and poor 
alignment between input voltage and current waveforms. 

These drawbacks clearly indicate that while the 
traditional AC–DC SEPIC architecture is effective in 
regulating output voltage, it falls short in terms of power 
factor and harmonic mitigation. This shortcoming 

motivates the development of a simplified, filter-based 
solution capable of improving power quality at the source 
side with out relying on additional complex control 
mechanisms [6], [7]. 

A conventional AC–DC SEPIC system consists of an 
uncontrolled diode bridge rectifier followed by a DC–DC 

SEPIC converter [4], [5]. A bulk capacitor is used at the 
rectifier output to smooth the DC voltage befoe itis 
supplied to the SEPIC stage. 

The inductor current ripple is considered from the 
standard value i.e., 20% of the input current. 

Allowed inductor current ripple ΔI_L=20%ofI_in Duty 
Cycle (SEPIC) 

 
Figure 4:  Simulation results of input voltage and current measurements of the existing system in matlab simulation. 
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Simulation analysis of the existing system shows 
that the input current wave form is highly distorted 
and notin phase with thein put voltage. Theme 
assured power factoris approximately 0.5898, while 
the THD is around 38.92%, exceeding the limits 
specified by IEEE power quality standards [8]. These 
issues are primarily caused by the absence of any 
power factor correction mechanism and the inherent 
non-linear behavior of the diode rectifier. 

3. MATHEMATICALANALYSIS 

To design the proposed converter, a set of 
theoretical calculations was performed to determine 
the key component values required to ensure 
efficient and stable operation. The analysis was first 
carried out for a purely resistive load, and the same 
procedure can be extended to other load 
configurations including R–L and battery loads. 

The SEPIC converter topology is chosen because 
of it sability to regulate voltage in both step-up and 
step-down 

modes, making it well-suited for EV charging 
applications 
𝐼𝐿2,𝑝𝑒𝑎𝑘=61.75+9.88=71.6𝐴 

From the capacitor equation 

𝐶=
𝐼𝑂∗𝐷 

𝑓𝑠∗∆𝑉𝑐 
For𝛥𝑉𝑐=5𝑉: 

𝐶=
(61.75∗0.603)

=135𝜇𝐹 
(55,000∗5) 

Similarly the voltage ripple of the capacitor is also 
consideredfromthestandardvaluei.e.,5%oftheoutput 
voltage. 

∆𝑉=24.7𝑉∗(5%𝑂𝑓𝑉𝑜) 

Ripple voltage(5% 𝑂𝑓𝑉𝑜): 

∆𝑉=0.05∗𝑉𝑂 
∆𝑉=0.05 ∗494=24.7𝑉 
Capacitor with ΔVc=4.94V: 
[3],[4].For this project, the selected load power 

is30.5kW, with the following design specifications. 
Output power P_out=30,500W(30.5kW) 
𝐶2 
𝐶2 

=
𝐼𝑂∗𝐷 

𝑓𝑠∗∆𝑉𝑐 

=
61.75∗0.603

=137.05𝜇𝐹 
4.94∗55,000 
Load resistance R= 8Ω 
Input DC voltage V_ in=325V Output voltage 
Distortion Factor (DF) 

𝐷𝐹= 
1 

√(1+(𝑇𝐻𝐷)2) 

𝑉𝑜=√(𝑃𝑜𝑢𝑡∗𝑅) 

𝐷𝐹= 
1 

=0.9811 
𝑉𝑜= √30.800∗8=494𝑉 

√(1+(0.1972)2) 
Displacement Factor (cosφ₁) 
Output current 
𝐼𝑜 

=
𝑉𝑜 

𝑅 
 
494 
cos∅=0.9867 
Overall Power Factor (PF) 
𝑃𝐹=𝐷𝐹∗cos ∅ 
𝐼𝑂= 

=61.75𝐴 
8 
𝑃𝐹=0.9811∗ 0.9867=0.968 
These theoretical calculations provide a base line 

for 
Switching frequency f_s=55kHz Efficiency η = 

0.95 
Sizing the key components of the SEPIC 

converter, ensuring stable operation for resistive 
loads and easy adaptability for 

other types of loads. By designing the system with 
minimal ripple and optimized duty cycle, the 
converter achieves high efficiency and an improved 

input power factor, supporting compliance with 
Institute of Electrical and Electronics Engineers 
power quality standards [8]. 

4. PROPOSED SYSTEM WITHOUT POWER 

FACTOR CORRECTION FOR VARIOUS LOADS 

In the proposed configuration, an open-loop 
SEPIC converter is interfaced with an uncontrolled 
diode bridge rectifier and powered through an AC 
source. This configuration allows the system to 
function with various load conditions while keeping 
the control circuit simple and hardware cost low. 
However, prior to applying any power factor 
correction (PFC), it is essential to evaluate the 

baseline performance of the system for different 
types of loads including resistive(R),resistive–
inductive(R–L),and battery (R–L–E) loads [5], [6].The 
power switch that is preferred to this utilized is BJT 
at it is designed for high power application. 
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Figure 5:  Block diagram of power factor measurement of the proposedsystem without power factor 

correction with R-LOAD. 
The open-loop design is selected to focus on the 

natural harmonic behavior of the system without 
the influence of additional control algorithms. By 
doing so, it becomes easier to assess the extent of 

distortion in input current waveforms and its 
impact on power quality parameters such as 
power factor and Total harmonic distortion (THD) 
[8]. The block diagram of the proposed system is 

shown in (figure 5). 

4.1. Performance with R-load 

The first simulation is conducted using a purely 
resistive load to establish a reference case. The 

block diagram of the R-load configuration is 
shown in Fig.5. The system is modeled and 
executed in MATLAB/Simulink, and the input 

Voltage and current wave forms are presented 
in (Figure 6). 

 
Figure 6: Simulation results of input voltage and current measurements of the proposed system without 

power factor correction for R-load in matlab simulation. 

It can be observed that the input current contains 
significant harmonic distortion and is not in phase 
with the input voltage, leading to a decrease in 
power quality. The THD analysis obtained from the 
simulation, shown in (Figure7), 

indicatesthattheTHDisapproximately19.71%,which 
is far from the recommended standard of less than 
5% [8]. This distortion results in reduced power 
factor and increased line losses. 
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Figure 7: Simulation results of THD measurement of the proposed system without power factor correction 

for R-load in matlab simulation. 

4.2. Performance with R-L Load 

Next, the system is tested with a resistive–
inductive load to observe the impact of inductive 

component son 
system performance. The block diagram for this 

configuration is shown in (Figure 8). 
 

 
Figure 8:  Block diagram of power factor measurement of the proposed system without power factor 

correction with R-L LOAD. 
As expected, the presence of inductance 

introduces an additional phase shift between input 
voltage and current, causing a further drop in power 
factor and arise in harmonic distortion. 
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Figure 9: Simulation results of input voltage and current measurements of the proposed system without 

power factor correction for R-L load in matlab simulation. 

Simulation results reveal that the power factor 
drops toapproximately0.7183, and the THD 
increases significantly to 69.44%, as illustrated in 
(Figure.9and 10). The distortion of the current 

waveform is more severe than in the purely 
resistive case, confirming that inductive loading 
worsens input power quality without PFC 
measures [6], [7]. 

 
Figure 10: Simulation results of THD measurement of the proposed system without power factor correction 

for R-L load in matlab simulation. 

4.3. Performance with BATTERY Load(R-L-E) 

Finally, the open-loop system is evaluated using 
a battery load(R–L–E configuration), which closely 

resembles the real-world charging scenario for 
electric vehicle applications [1], [2]. The block 
diagram for this test case is shown in (Figure 11). 
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Figure 11: Block diagram of power factor measurement of the proposed system without power factor 

correction with R-L-E LOAD/BATTERY. 
 

Figure 12: Simulation results of input voltage and current measurements of the proposed system without 
power factor correction for R-L-E load or battery load in matlab simulation. 

The simulated input voltage and current 
waveforms (Figure 12) display considerable 
distortion, while the THD spectrum (Figure 13) 
shows a THD level of 67.77%. The measured power 

factor is 0.8042, which, although slightly better than 

the R–L case, remains well below the ideal range. 
This indicates that battery charging introduces 
nonlinear current characteristics that further 
degrade power quality at the source side. 

Figure 13: Simulation results of THD measurement of the proposed system without power factor correction 
for R-L-E load or battery load in matlab simulation.
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Across all three load conditions R, R–L, and R– L–
E the system consistently exhibits poor input power 
factor and high harmonic distortion. The worst 
performance is observed under inductive and 
battery loads, where THD exceeds 60%. This level of 
distortion not only violates Institute of Electrical and 
Electronics Engineers harmonic standards but can 
also cause increased thermal stress on components, 
higher transmission losses, and degraded grid 
performance [8], [9]. 

The results clearly indicate that without 
appropriate power factor correction mechanisms, 

the open-loop SEPIC configuration cannot meet 
modern grid power quality requirements. This 
motivates the inclusion of filtering solutions at the 
input side, as discussed in the following section. 

5. PROPOSED SYSTEM WITH POWER FACTOR 

CORRECTION FOR VARIOUS LOADS 

To address the poor power factor and high 
harmonic distortion observed in the previous 
section, an active input filter was introduced at the 
AC source side of the open-loop SEPIC converter. 
The purpose of this filter is to suppress harmonic 
components at the point of entry, ensuring that the 

current waveform closely follows the voltage 
waveform. This method achieves power factor 
correction (PFC) and Total harmonic distortion 
(THD) reduction without the need for complex 
control circuitry [5], [7]. 

The selected filter is sized based on the system’s 
operating frequency and harmonic content. By 
optimizing the filter inductance, the converter 
maintains near-sinusoidal current input, minimizes 
phase displacement, and complies with the Institute 
of Electrical and Electronics Engineers harmonic 
standards [8]. Simulation studies were conducted for 

R, R–L, and R–L–E (battery) load conditions to verify 
performance improvements. 

5.1. Performance with R-Load 

Initially, the system was tested with a purely 
resistive load and an active filter placed at the 
source. The simulation wave forms (Figure14) and 
the THD is shown in (figure 15) show a clear 
improvement in input current quality, which is now 
almost perfectly in phase with the input voltage. The 
measured power factor improved to 0.9056, 
compared to 0.8941 without the filter. 

 
Figure 14: simulation results of input voltage and current measurements of the proposed system with filter 

for R-load in matlab simulation. 

Figure 15: Simulation results of THD measurement of the proposed system without power factor correction 
for R-L-E load or battery load in matlab simulation 
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5.2. Performance with R-L Load 

The system was next evaluated with a resistive–

inductive(R–L) load, which had previously shown 
the worst harmonic profile. 

 
Figure 16: Simulation results of input voltage and current measurements of the proposed system with filter 

for R-load in matlab simulation. 
By using a filter inductance of 15 mH, the power 

factor increased to 0.9127, and THD dropped from 
69.44% to 16.31%, as illustrated in (Figure 16 and 

17). 

 
Figure 17: Simulation results of THD measurement of the proposed system without power factor correction 

for R-L load or battery load in matlab simulation. 
inductanceof80mHwasusedinthiscase.Asshowni

n(Figure 18), the input current waveform is almost 
sinusoidal, with only minor distortion visible. 

 

Figure 18: Simulation results of input voltage and current measurements of the proposed system with 
power factor correction for R-L-E load or battery load in matlab simulation. 
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The power factor improved to 0.9056, and the 
THDdecreasedsignificantlyto7.77%, which is very 
close to the IEEE recommended limit of5%for low-
voltagesystems [8]. (Figure 19) depicts the 
harmonic profile for this test case. This confirms 
thatproperly designed filtering can effectively 
correct the power factor even for nonlinear and 
inductive loads. 

Although the presence of inductance still causes 
some residual distortion, the overall waveform 

shape shows a significant reduction in high-
frequency harmonic components.Withfurtherfine-
tuningofthefiltervalue,THD can be reduced even 
further, meeting or approaching IEEE harmonic 
limits [8], [9]. 

5.3. PerformancewithR-L-E Load 

Finally, the system was tested under battery 
load conditions, which are the most representative 
of practicalEVchargingapplications[1],[2].Afilter 

Figure 9: Simulation results of THD measurement of the proposed systemwith power factor correction for 
R-L-E load or battery load in matlabsimulation. 

The comparison across the three load conditions 
clearly demonstrates the effectiveness of the 
proposed filtering approach. While theR–L–E 
(battery) configuration initiallyhadone 
ofthehighest THD levels,itachievedthe 

Most significant improvement after adding the 
filter. The improved power factor across all load 
types not onlyenhances the efficiencyof power 
transfer but alsominimizes grid disturbances, 
reduces component stress, and improves system 
reliability [6], [8]. Moreover, this strategy avoids 

the complexity and cost associated with closed-
loop or active control methods while still 
providing substantial harmonic mitigation. 

6. IMPLEMENTATION OF PROPOSED 

SYSTEM TO THE EXISTING SYSTEM 

The previously discussed filter-based power 
factor correction (PFC) technique was integrated 
into the existing SEPIC-based AC–DC architecture 
to evaluate its impact on 
improvingtheoverallpowerqualityofthelegacysyste
m.As analyzed earlier, the baseline performance of 
the existing configuration withoutanyPFC 

exhibitedalowpower factor 
of0.5898andahighTHDof38.92%,whichfallsoutsidet
he acceptable range set by the Institute of Electrical 
and Electronics Engineers standards [8]. 
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Figure 20: Simulation of the proposed system from the existing system. 

Forthisimplementation,thesamefilter valueto the 
existing system (Figure 20), which provided the 
best results for the battery load in the proposed 
system, was connected at the input side of the 
existing converter. The intention was to validate 
the versatility of the filter design and to assess 
whether similar improvements in power factor 
and THD could be achieved without modifying 
the core power conversion stage [5], [7]. 

ThisTHDlevelnotonlysatisfiesbutexceedsIEEE 

harmonic distortion standards, which typically 
allow up to 5% THD shown in (figure 22) for low-
voltage systems [8], [9]. 

The significant improvement achieved through 
this straightforward filtering technique 
demonstrates that the proposed method can 
beretrofitintoexistingpower converter architectures 
without requiring complex redesigns or additional 
control algorithms. This approach simplifies 
implementation, reduces overall system cost, and 
enhances compatibility with modern grid 
standards. 

Furthermore, by eliminating the need for gate- 

controlled rectifiers, the system can also avoid the 
external triggering circuitry that adds bulk and 
complexity. 

 
Figure 21: Simulationresultsofinputvoltageandcurrentmeasurementsofthe existing system from the 
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proposed system. 

 
Figure 22: simulation resultsofTHDmeasurementof the existing systemfrom the proposed system. 

This results in a more compact, cost-effective, 
and efficient solution [10]. 

The performance of the proposed system has 
been analyzed for different load types, both with 
and without power factor correction. Table I 
presents the comparative results, showing the 
power factor (PF) and THD values obtained under 
various test conditions. 

7. PASSIVE INPUT POWER FACTOR 

CORRECTION 

Tomitigatetheobservedpower qualityissues, a 
passive source-side input filter is introduced at the 
AC supply. Passive filtering has been reported as 
an effective and low- 
costapproachforharmonicmitigationinAC–
DCconverters [6],[9].Passive filtering is a well-
established and cost-effective approach for 
harmonic mitigation in single-phase AC–DC 
converters [11], [18]&[21]. 

The simulation results (Figure 21 and 22) clearly 
illustrate a substantial enhancement in waveform 
quality. The input 
voltageandcurrentwaveformsarenowmorecloselya
ligned, with reduced distortion and improved 

sinusoidal characteristics. 
 The measured power factor increased from 

0.5898 
to0.632,andtheTHDdecreaseddramaticallyfrom38.
92% to3.27%. 

A parametric analysis is performed to determine 
the optimalfilter inductance. Increasinginductance 
significantly reduces lower-order harmonics up to 
an optimal value, beyond which further 
improvement becomes marginal. This behavior 
highlights a tradeoff between harmonic mitigation 

and component size, consistent with reported 
studies [7], [12]. 

        Performance With Passive Filter applied in 
the system is re-evaluated for all load conditions. 
For the resistive load, the power factor improves 
to approximately 0.9056. In the R–L load case, 
THD isreduced from 69.44% to about 16.31%, and 
the power factor improves to 0.9127. 
Forthebatteryload,THDisreducedtoapproximately
7.77% with a corresponding power factor of 
0.9056. These results are comparable with other 
passive PFC-based SEPIC configurations reported 
in the literature [6], [7],[18]. 

Table 1: Title of the table 
TypeOf Load WithoutPFC With PFC 

PF THD PF THD 

R-LOAD 0.8941 19.71% 0.9056 12.36% 

R-LLOAD 0.7183 69.44% 0.9127 16.37% 

R-L-E LOAD 0.8042 67.77% 0.9056 7.77% 

EXISTING SYSTEM 0.5898 38.32% 0.632 3.27% 

8. COMPARISON WITH CLOSED-LOOP 

TECHNIQUES 

Closed-loopPFCmethodscanachievenear-
unitypower factor and low THD but require 

additional sensors, controllers, and complex 
control algorithms [9], [10]. In contrast, the 
proposed passive filtering approach offers 
reduced complexity, improved reliability, and 
lower implementation cost. While the achievable 



970            Bhavani et al. 

SCIENTIFIC CULTURE, Vol. 12, No 5.1, (2026), pp. 956-971 

power quality is slightly inferior to closed-loop 
solutions, the proposed method provides a 
practical compromise for cost-sensitive 
applications [6]. 

9 COMPONENT STRESS AND PRACTICAL 

CONSIDERATIONS 

The introduction of the passive input filter 
affects current stress on input-side components. 
Peak and RMS currents of the switch, diodes, 
inductors, and capacitors are evaluated through 

simulation to ensure safe operation [5]. 
Although a BJT is used in simulation for 

conduction analysis, practical high-power 
implementations typically employ IGBTs or wide-
bandgap devices such as SiC MOSFETs to enhance 
efficiency and thermal performance [4].The 
relatively large size ofthepassive filterlimitsitsuse 
in compact onboard chargers but makes it suitable 
for stationary and retrofit EV charging systems. 

10. FUTURE SCOPE 

Future work will focus on hardware 
implementation and experimental validation of 
the proposed system. The integration of closed-
loop control strategies, adaptive filter tuning, and 

wide-bandgap semiconductor devices may further 
enhance performance and efficiency [17], [20]. 

Another potential area of extension is the 
enhancement of fast charging capability for EV 
applications by improving the output regulation 

and charging profile. Incorporating smart 
controlor AI-
basedalgorithmsmayleadtofurtherreduction 
inTHDandimprovedstability,evenundernonlinearl
oading [1],[2].Moreover, hardware 
implementation and experimental validation can 
be carried out to support the simulation findings 
and to explore the real-world performance of the 
proposed system. 

11. CONCLUSION 

This paper presented a detailed performance 

analysis of an open-loop AC–DC SEPIC converter 
with passive input power factor correction under 
multiple load conditions. Simulation results 
demonstrate significant improvement in input 
power factor and substantial reduction in THD 
without the use of complex control strategies. The 
simplicity, scalability, and retrofit capability of the 
proposed approach make it suitable for low- and 
medium-power EV charging and other grid-
connected power electronic applications. 
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