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Abstract — Two-wheeled electric vehicles in Indonesia have special specifications with SNI standards for rechargeable
battery components. To recharge the battery using a household PLN power source, a charger device is required that meets
both the input and output specifications. In this study, a battery charger device is designed and simulated with an output
voltage specification of 72 'V and a maximum current of 3 A. The charger uses a bridgeless Cuk converter topology with an
input voltage of 220 Vs AC household electricity. Based on the input and output specifications, the design calculation yields
a nominal duty cycle of 18.8% at a switching frequency of 100 kHz, and component values of L = 5.61 mH, Ly = 1.3 mH,
C1 =736.3 nF, and Cyyy = 781 nF. The first simulation with a fixed duty cycle of 18.8% produces a full-wave sinusoidal
output signal with a peak voltage of —70.5 V, average voltage of —45 V, peak current of —2.93 A, and average current of
—1.87 A. The power efficiency in this simulation is 96.2%. The second simulation introduces a duty cycle control using a
comparator comparing a sawtooth waveform with the Cuk converter output. This approach yields a more stable output with
a peak voltage of —100 V, average voltage of —73 V, peak current of —4 A, and average current of —3.05 A. The power

efficiency in this case reaches 96.99%.

Keywords — Bridgeless Cuk Converter; Battery Charger; Electric Vehicle; Duty Cycle Control; Power Efficiency.

I. INTRODUCTION

ARIOUS battery specifications for various elec-

tronic applications will always require a suitable
charging device, even though the power outlet provided
by PLN has a voltage of 220 Vac. Therefore, it is nec-
essary to rectify and step down the voltage to produce
a suitable power supply device.

In a linear power supply, the AC voltage is first
stepped down using a transformer, then rectified with a
diode. The drawbacks of this method are the bulky size
of the power supply and its low power efficiency. To
overcome this, a switching mode power supply (SMPS)
was introduced, which rectifies the PLN voltage using a
diode and then steps down the voltage using a DC-DC
converter.

DC-DC converters have various basic topologies
such as buck, boost, buck-boost, flyback, Cuk, and so
on. Each topology has different characteristics and
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is used for different applications. DC-DC converters
come in various topologies, each with distinct char-
acteristics suited for different applications. The ba-
sic topologies include buck, boost, buck-boost, Cuk,
SEPIC, and flyback converters [1,2]. These converters
can step up or step down voltage levels, with efficiency
approaching 100% [2]. Buck converters are suitable
for inductive loads like motors, while boost converters
increase voltage [1,3]. Advanced topologies incorpo-
rate switched inductor/capacitor, voltage multiplier, and
magnetic coupling techniques to improve power den-
sity and boost ability [4]. DC-DC converters are crucial
in solar PV systems for maximum power point track-
ing [5]. The choice of topology depends on factors such
as efficiency, cost, and application requirements [6].
Recent developments focus on extended voltage range
converters for renewable energy and electric vehicle
applications [7].

However, they all require an electronic switch,
typically a MOSFET or IGBT, driven by a pulse input
to regulate the output voltage. Due to its high efficiency
and compact component size, the DC-DC converter is
widely applied in many applications, including battery
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charging systems.

Rechargeable batteries play a vital role in the
electric vehicle ecosystem because they provide the
energy source for driving electric motors. Recharge-
able batteries, particularly lithium-ion batteries, are
crucial for electric vehicles (EVs) due to their high
energy density, efficiency, and long cycle life [8, 9].
These batteries power the electric motors and auxiliary
systems in EVs, offering advantages over traditional
fossil fuel vehicles in terms of emissions reduction
and energy independence [10, 11]. Battery manage-
ment systems are essential for optimizing performance,
safety, and longevity [8, 12]. While lithium-ion batter-
ies currently dominate the EV market, research con-
tinues on alternative technologies such as magnesium
and sodium-ion batteries [13]. Advancements in bat-
tery materials, cell architecture, and solid-state designs
aim to improve safety, cost-effectiveness, and charging
speeds [14, 15]. These developments are crucial for
the widespread adoption of EVs and the transition to
sustainable transportation. To design a DC-DC con-
verter for battery charging applications, it is essential
to know the battery specifications. In Indonesia, elec-
tric motorbike batteries—particularly those designed to
be swappable—are standardized by the Indonesian Na-
tional Standard (SNI), with a nominal voltage of 72V,
a nominal voltage range of 67-78 V, and a minimum
energy capacity of 1300 Wh [16].

In this study, the battery charger will use PLN
electricity as the input, applying a bridgeless Cuk con-
verter topology to improve power conversion efficiency
and reduce conduction losses.

Despite the wide adoption of DC-DC converters,
existing research often focuses on ideal conditions or
isolated topologies without considering practical input
sources such as single-phase AC from PLN and specific
national standards like SNI 8928:2023. This leaves a
gap in designing converters that align with real-world
electric vehicle charging requirements in Indonesia.

Therefore, the objective of this study is to de-
sign and simulate a battery charger using a bridgeless
Cuk converter, tailored to the SNI-standard swappable
battery for electric motorcycles. The converter is ex-
pected to produce an output of 72 V and 3 A with
high efficiency, while also evaluating two control meth-
ods—fixed and feedback-based duty cycle—in simula-
tion.

II. RESEARCH METHODS

This study employs a simulation-based approach to
analyze the performance of a battery charging system
using a bridgeless Cuk converter topology. The design
process begins with examining the fundamental char-

acteristics of the converter, followed by determining
the appropriate component values based on the target
specifications. The simulation is then conducted un-
der two scenarios: with a fixed duty cycle and with a
feedback-controlled duty cycle.

To understand the difference between the conven-
tional and bridgeless configurations, Figure 1 illustrates
the AC to DC converter using the conventional Cuk
topology with a diode bridge rectifier (DBR), while
Figure 2 shows the configuration without the DBR,
which is referred to as the bridgeless Cuk topology.
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Figure 1: AC to DC converter using Cuk topology with
diode bridge (DBR) as rectifier.
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Figure 2: AC to DC converter using diode bridgeless (DBR-
less) Cuk topology.

i. Bridgeless Cuk Converter

The Cuk Converter is a development of the buck-boost
converter, where its advantage lies in the continuous
input and output currents [17, 18], thus reducing the
occurrence of electromagnetic interference noise (EMI).
Because the Cuk converter is fundamentally a DC-DC
converter, the AC voltage source from PLN must first
be rectified. One rectification method is to use a diode
bridge (DBR), as illustrated previously in Figure 1.

However, to improve the power factor of the cir-
cuit, a Cuk converter topology was developed with-
out using DBR, referred to as the bridgeless Cuk con-
verter [19-22], as shown in Figure 2.

The converter operates in four switching cycles,
which are depicted in Figure 3. These cycles are de-
scribed assuming all passive components initially have
zero stored energy.
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Figure 3: Cuk converter cycle assuming the initial condition
of all passive components is zero: (a) first cycle of
charging L;; (b) second cycle of charging Cy; (c)
third cycle of charging L, L, and discharging Cy;
(d) fourth cycle of charging C; and discharging
L.

it. Switching Cycle

The Cuk converter essentially operates with two com-
plementary switches, S; and S, as shown in Fig-
ure 3(a) [23]. When the converter is initially powered
on and all passive components are assumed to have
zero initial conditions, the first switching cycle begins.
In this first cycle, S; is turned on while S5 is off, allow-
ing the current to flow through the closed loop V; —

Ly — 81, as illustrated in Figure 3(a). In the second
cycle, S; is off and S is on, resulting in capacitor C;
being charged via the closed loop V; — L — C; — 5>,
as shown in Figure 3(b). During the third cycle, S| is
on and S is off, the current continues to flow through
Vi — L; — S;. Since C| is now charged, it begins dis-
charging through C; — L, — C; — 8}, as illustrated
in Figure 3(c). In the fourth cycle, S is turned off
and S, is on again, repeating the charging of C; via
Vi — L — C; — S, and discharging L, through the
path C; — L, as shown in Figure 3(d). After these four
stages, the converter enters a steady-state operation
where the third and fourth cycles repeat continuously.
This switching principle is also applied in the Bridge-
less Cuk Converter, an example of which is depicted in
Figure 4, showing the current path during the positive
half-cycle of the AC input voltage.
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Figure 4: Current direction in the Bridgeless Cuk Converter
circuit during the positive cycle of the AC voltage
source and the third switching cycle of the Cuk
converter.

iii. Transfer Function

To analyze the converter, we apply the principle of
average values under the assumption of periodic steady-
state, where the average inductor voltage is V;, = 0. In
this condition, we can state that V; = Vg and Vp = Vsp.
Applying Kirchhoff’s Voltage Law (KVL) to the loop
in Figure 5, we obtain:

Ver—Vs2—Vs1 =0
Veir—Vo—Vi=0
Ver=Vo+ Vi

ey

This shows that V¢ > Vy and Vi > V. Next, we
analyze the converter operation in its two alternating
cycles.

After steady-state operation begins, the Cuk con-
verter cycles between stages 3 and 4 as described earlier.
To derive the system’s transfer function, we examine
the inductor voltages V;; and Vj; in each cycle. During
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Figure 5: KVL analysis on Sy, Cy, and ;.

cycle 3 (Figure 3(c)), when S is on:

Vii=V;

(2)
Vio=Ve1 —Vo

Since Vg1 > Vo, we know Vp, is positive. During
cycle 4 (Figure 3(d)), when S| is off:

Vii=Vi—Vc

3)
Vio=-Vo

Because V¢ > Vj, the value of V; is negative in
this cycle. The time-domain behavior of V;; and Vp, is
shown in Figures 6(b) and 6(c).
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Figure 6: Time-domain diagrams: (a) Vsi; (b) Vz1 and I11;
(¢) V2 and I1; (d) Ic2.

As is known, the average inductor voltage Vy is
zero over a complete switching cycle. Let T be the

switching period and D be the duty cycle. By substi-
tuting Equations (2) and (3) into the average voltage
expression for V|, we obtain:

1
T (DT'VLlJnax+ (1 —D)T‘VLl_min) =0

DVi+(1-D)(V;—Ve)=0 @
Vi=(1—-D) V¢
Similarly, using the same principle for V7, from
the corresponding cycles:

1
7 (DT V2 ax+ (1 =D)T - Vi i) = 0

D(Ve1 —Vo) +(1-D)(=Vo) =0
Vo=D V¢

®)

By combining Equations (4) and (5), the voltage
transfer function of the system is obtained:

Vo D

v, “1-D (6)

Assuming a 100% efficient system, power conser-
vation gives V;I; = Vplp, leading to the current transfer
function:

I D

lo 1-D 7

iv.  Determination of Component Values

In transient conditions, referring again to Equation (2),
and using the ripple of the input current Al;; =
111 max — L1 _min, We have:

di

Vi=Li— =L -Al;,-D-T

dt )
L= P
"TAL - f

where f = % is the switching frequency. Similarly,
using Equation (3) and defining Alry = 112 max — 112 min:

—Vo=L,-Alj5-(1-D)-T
_Vi'D

Al - f
During the fourth cycle, capacitor C is charged

by current /;, resulting in a voltage ripple AV, which
can be expressed as:

Ly €))

I
AVep=—"—— 10
A=0CDy-fG 10)
Solving for C; and using R; = ‘I/—g and Equa-
tion (7):
DV,
Ci : (1

AV Ry f
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At the output stage, three components are con-
nected: Ly, C;, and R;. The current flowing through
capacitor C; is:

icy =i —IRL (12)

Assuming i;p = Al + I;p and that capacitors
cannot pass DC current (igz, = I1»), Equation (12) be-
comes:

(13)

Using the capacitor charge-voltage relation ¢ = Cv, we
obtain the output voltage ripple AVp:

ico = Al

AVyp =AQ/C, (14)
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Figure 7: Cuk Converter circuit with values L} = L3, Ly =
L4, Cy = Cy = C3, and R| = R according to the
design results.

Where the charge variation AQ is approximated
by the area under i, from Figure 6(d), yielding:

T-Al
AQ=—o (15)
Substituting into Equation (14):
Al
AVp = 16
0= 8.0 f (16)
Solving for C; using Equation (9) for Al,:
Vi-D
CG=——— 17
2T AV 8L f2 (17

v.  Design of Cuk Converter

Based on the specifications of the battery to be used and
the required charger power, the design parameters for
the bridgeless Cuk converter are determined as follows:
the input voltage is V;(AC) = 220 Vg = 311 Vpear,
the output voltage is Vp(DC) = 72 V, and the maxi-
mum output current is Ip = 3 A.

To calculate the minimum duty cycle using the
peak input voltage:

x 100%

D—
Vi+Vo
72
311

(18)

- % 100% = 18.8%
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From the duty cycle, the maximum input current
can be computed using Equation (7):

D 0.188
— = .3=0. 19
Ihi=1=plo=1"g1gg 3=09A (9
The load resistance is:
72
R=V0_" o0 (20)
IO 3

The design parameters for ripple calculations are
determined as follows. The output voltage ripple is
setto AVp = 1%-72 = 0.72 V, while the input current
ripple is calculated as Al | = 15%-0.695 = 104.25 mA.
The output current ripple is given by Al = 15% -3 =
450 mA. For the capacitor voltage ripple, the chosen
value is AV =2%-72+311 =7.66 V. The switching
frequency used in the design is f = 100 kHz.

Substituting these values into Equations (8), (9),
(11), and (17), the component values are:

Vi-D 311-0.188

L = — =5.61 mH
T AL F 0.10425-10° o
Vo-(1-D) 72-0.812
L= = =13 mH
2T T Al f | 045-10° m
D- 0.188-72
= Yo _ = 736.3 nF
AVer-Rp-f  7.66-24-10°
c,— Yor(1-D) _ 72-0.812
T8 L f2-AVp  8-1.3-1073-(105)2-0.72
=781 nF

The complete converter circuit with the selected
components is shown in Figure 8.
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Figure 8: Circuit schematic of the bridgeless Cuk converter
with selected components.

vi. Selection of MOSFET and Diode as Electronic
Switch

In this study, switch S; will be implemented using a
MOSFET, while S, will use a diode. The MOSFET
experiences a relatively heavy workload.

Based on the third switching cycle (Figure 3(c)),
the drain current is:
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Ip=I=1;+1p =0.695+3 =3.695 A 21

The drain-source voltage during the fourth cycle
(Figure 3(d)) is:

Vos=Vs1 =Ve1 =Vo+V;=724+311=383V (22)

Thus, the IRFP460 MOSFET is selected for Sy,
which supports a maximum drain-source voltage of
Vps,max = 500 V and a maximum drain current of
Ip max = 20 A [24].

One advantage of the Cuk converter topology is
that the source of the MOSFET is grounded, simplify-
ing gate driving since it only needs to ensure Vs > Vrp,.
Therefore, a low-side gate driver can be used.

For switch S, a diode with an ultra-fast recovery
time is required to operate effectively at a switching
frequency of 100 kHz. This diode must also handle the
same voltage and current stress as S;. The MUR1560
diode is selected, with a peak repetitive reverse volt-
age of Vggryr = 600 V, an average forward current of
Ir(av) = 15 A, and a recovery time of 35-60 ns [25].
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Figure 9: Output of the Cuk converter with a fixed duty
cycle of 18.8%: (a) Peak voltage and average
voltage; (b) Peak current and average current; (c)
Input power and average input power; (d) Output
power and average output power.

III. RESULTS AND DISCUSSION

This section presents the simulation results and discus-
sion of the designed bridgeless Cuk converter system.

The performance of the converter is evaluated under
two operating conditions: with a fixed duty cycle and
with a feedback-controlled duty cycle, to assess its
effectiveness in meeting the required output specifica-
tions.

i. Test Simulation with Fixed Duty Cycle

The circuit was simulated using QUCS-S 25.1 soft-
ware [26]. Due to limitations in the available compo-
nents within the simulation software, the key param-
eters of the IRFP460 MOSFET and MUR1560 diode
were manually incorporated. The first simulation was
conducted using a fixed duty cycle of 18.8%, which
produced a fully rectified sinusoidal waveform.

The output voltage reaches a peak of Viyux =
—70.5 V and has an average value of Vo = —45 V.
The load resistor (R;) draws a peak current of Inx =
—2.93 A with an average of I,yo = —1.87 A, as shown
in Figures 9(a) and 9(b).

The average input power is P avg = 105 W and
the average output power is Poytavg = 101 W, shown in
Figures 9(c) and 9(d). The converter efficiency is then
calculated using:

P,
n _ out.avg % 100% — % X 100% = 962%

n.avg 1

The peak voltage and current closely match the
theoretical values and remain within the standard range
specified by SNI 8928:2023 (67-78 V). However, since
the output is a full-wave sinusoid, the average values
of voltage and current do not yet conform to battery
charging specifications.

ii. Test Simulation with Duty Cycle Control Feedback

The previous simulation produced an output resembling
a full-wave signal. To achieve a more stable DC output,
a feedback-controlled duty cycle was introduced. The
duty cycle modulation is implemented using a com-
parator that compares a 100 kHz sawtooth waveform
and the converter’s output voltage, as shown in Fig-
ure 10(a).

Figures 10(b) and 10(c) display the sawtooth wave-
form and the resulting duty cycle modulation. The am-
plitude of the sawtooth signal was adjusted through a
process of trial and error to meet two essential condi-
tions: the duty cycle must remain greater than 0% when
the output voltage reaches its maximum, and it must
remain less than 100% when the output voltage is at its
minimum.

This feedback system can be implemented using
a voltage sensor, microcontroller, and PID control algo-
rithm.
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Figure 10: (a) Cuk Converter circuit with comparator as
duty cycle feedback; (b) Comparison result be-
tween sawtooth signal and output voltage when
the output voltage is at its highest, showing duty
cycle > 0%; (c) When the output voltage is at
its lowest, showing duty cycle < 100%.

The simulation shows the output voltage becomes
more stable. The peak output voltage is Vipax = —100 V,
and the average is Voo = —73 V. The output cur-
rent peaks at Iax = —4 A, with an average of lyg =

—3.05 A (see Figures 11(a) and 11(b)).

The input power averages Pavg = 233 W and
the output power is Poyravg = 226 W, shown in Fig-
ures 11(c) and 11(d). The resulting efficiency is:

n= Fowave 10005 = 225+ 100% = 96.99%
n.avg 233
Although the average voltage and current now
meet the required specifications within a 5% tolerance,
the peak voltage exceeds the SNI 8928:2023 standard
and poses a safety risk for battery charging applications.
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Figure 11: Output of the Cuk converter with duty cycle
feedback (a) Peak voltage and average voltage
(b) Peak current and average current (c) Input
power and average input power (d) Output power
and average output power

IV. CONCLUSION

Because the Cuk converter is essentially a DC-DC con-
verter, applying a fixed duty cycle results in an output
that mirrors the input waveform. As shown in the first
simulation, calculating the duty cycle and component
values based on battery specifications produces simula-
tion results close to the theoretical peak values of Viyax
and In,x, but the output remains a full-wave sinusoidal
shape, consistent with the AC input form. To address
this issue, a duty cycle control system was introduced
to stabilize the output voltage and current.

The Cuk converter is capable of increasing (boost-
ing) or decreasing (bucking) the input voltage by ad-
justing the duty cycle. In the second simulation, the
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addition of a duty cycle control mechanism resulted
in average output values (Vaye and I,ye) that met the
required specifications. However, several limitations
were identified:

1.

The comparator used for duty cycle control has
suboptimal response. A better implementation
would involve using a microcontroller with PID
(proportional-integral-derivative) control.

Since the input of the bridgeless Cuk converter is
single-phase AC, there are instants where the volt-
age and current drop to zero. Regardless of the duty
cycle, the output during these intervals is also zero.
This can be mitigated by using a three-phase AC
input (polyphase) to the same converter topology.
The load used in the simulation is a purely resistive
element, while actual battery charging requires dif-
ferent electrical characteristics. To protect and stabi-
lize the output voltage and current, current feedback
should also be implemented for dynamic duty cycle
adjustment.
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