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Abstract − The growing demand for renewable energy has increased the need for efficient and reliable power conversion
systems, particularly for applications that require stable current control and good power quality. This paper presents the
simulation and modeling of a CUK H-Bridge inverter with current control using a Proportional-Integral (PI) algorithm
implemented in Power Simulator (PSIM) software. The proposed topology combines an H-Bridge inverter and a CUK
AC–AC converter to enable bidirectional power flow, buck–boost voltage operation, and low Total Harmonic Distortion
(THD) in the output current. The PI controller parameters are determined using the empirical Ziegler–Nichols (Z–N) method
and further refined through fine-tuning to obtain optimal values of Kp = 0.6, Ti = 0.0167, and Ki = 35. Simulation results
show that the actual output current (Iact) can accurately track the reference current (Iref) with minimal steady-state error.
The proposed inverter operates in buck mode (Vo <Vin), steady-state mode (Vo ≈Vin), and boost mode (Vo >Vin) according
to the reference current value. A maximum output power of 2.25 kW is achieved at a reference current of 15 A with an
output voltage of 150 V. The output current THD is 3.6%, which satisfies the IEEE 519 standard. These results indicate that
the PI-controlled CUK H-Bridge inverter provides stable current tracking, flexible voltage regulation, and acceptable power
quality for renewable energy applications.
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I. INTRODUCTION

RENEWABLE energy use is currently growing
rapidly as the global energy sector moves toward

cleaner, more sustainable, and environmentally friendly
power generation systems. Hydropower, solar power,
and wind power are some of the renewable energy sec-
tors that are being extensively developed [1]. This
development is driven by the large potential of renew-
able energy resources, which can reduce dependence
on fossil fuels [2]. In addition, fossil fuel reserves are
gradually decreasing and their utilization has a negative
impact on the environment, making the transition to
renewable energy increasingly necessary [3]. Renew-
able energy is also considered a promising source of
future energy because it produces low emissions and is
available in abundant quantities [4].

The utilization of renewable energy requires a
power conversion system capable of processing the
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generated electrical energy so that it can be used by
consumers or integrated into the electrical grid [5]. In
renewable energy systems, especially those based on
photovoltaic or DC sources, an inverter plays an impor-
tant role in converting DC voltage into AC voltage [6].
In addition to voltage conversion, the inverter must also
be able to inject current into the grid with good qual-
ity and stable characteristics. Therefore, the generated
current must have low distortion, stable amplitude, and
proper synchronization with the output voltage [7].

However, conventional single-phase and three-
phase inverters still have several limitations. These
limitations include the inability to produce a fully si-
nusoidal output voltage, high common-mode voltage,
and non-continuous input current [8]. These conditions
can reduce power quality and affect the performance
of the connected load or grid system. One of the most
common problems in inverter-based systems is Total
Harmonic Distortion (THD), which indicates the level
of harmonic content in the output waveform [9]. A high
THD value may cause additional losses, heating, and
reduced system reliability.

The H-bridge is one of the most widely used in-
verter topologies because of its simple structure and
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ability to generate AC output using four power switches
controlled by SPWM signals [10,11]. Its high modular-
ity makes it superior to several other inverter topologies,
including its ability to reduce voltage clamping on each
switching device [12, 13]. Nevertheless, the H-bridge
inverter still requires an additional conversion stage
when voltage regulation in both step-up and step-down
modes is needed. For this reason, the integration of an
H-bridge inverter with a buck-boost converter topology
becomes an attractive solution for renewable energy
applications.

The CUK converter is a variation of the buck-
boost converter that can step up or step down the output
voltage with good efficiency [14]. This converter also
has the advantage of more continuous input and output
currents due to the use of inductors and capacitors as
energy storage elements. In addition, the CUK con-
verter can be equipped with an LC filter to reduce THD
in the output current [15]. These characteristics make
the CUK converter suitable for applications that require
stable voltage regulation and improved current quality.

Combining a CUK converter with an H-bridge
inverter, known as a CUK H-bridge inverter, enables
bidirectional power flow and can be applied to renew-
able energy systems [16]. This topology has the po-
tential to provide flexible buck-boost voltage opera-
tion while maintaining better current quality. However,
the performance of this topology strongly depends on
the control strategy used to regulate the output cur-
rent. A Proportional-Integral (PI) control algorithm is
commonly used because it has a simple structure, fast
response, and good accuracy in reducing steady-state
error [17]. Therefore, PI-based current control becomes
a relevant approach for improving the performance of
the CUK H-Bridge inverter.

This study presents the simulation and modeling
of a CUK H-Bridge Inverter with PI algorithm-based
current control using Power Simulator (PSIM) software.
Although several studies have discussed buck-boost in-
verter topologies, current control in the CUK H-Bridge
Inverter topology has received limited attention in the
existing literature [18]. Most previous studies have
focused on voltage control or topology development,
while the output current tracking performance and har-
monic quality of the CUK H-Bridge inverter still re-
quire further investigation.

Based on the literature review, various buck-boost
inverter topologies have been developed, ranging from
the Switched-Coupled-Inductor Inverter and the One-
Leg H-Bridge Inverter to the integration of the H-
Bridge with SEPIC and Zeta converters. These de-
velopments have successfully improved step-up and
step-down capabilities as well as output power qual-

ity. The comparative data of several H-bridge inverter
developments are presented in Table 1.

Table 1: H-bridge inverter development

Topology Control Method Switches THD

Switched-Coupled-
Inductor DC-AC Inverter

Duty Cycle SPWM 3 –

One-Leg H-Bridge In-
verter

PI + SPWM 4 3.65%

SEPIC H-Bridge Inverter SPWM 8 4.50%
Zeta H-Bridge Inverter PI + SPWM 6 1.10%
CUK H-Bridge Inverter PI + Ziegler–Nichols + SPWM 8 3.60%

However, research on current control in the CUK
H-Bridge Inverter topology remains limited. In fact,
the CUK converter offers several advantages, such as
buck-boost capability, more continuous input and out-
put currents, and the potential to produce better power
quality. As shown in Table 1, the CUK H-Bridge In-
verter achieves a THD value of 3.60%, indicating that
this topology has the potential to meet power quality
requirements.

Therefore, this study proposes the modeling and
simulation of the CUK H-Bridge Inverter with current
control using a Proportional-Integral (PI) controller
tuned using the Ziegler–Nichols method. Unlike previ-
ous studies, which generally focused on voltage control,
this study emphasizes output current control to achieve
a fast and stable response that meets power quality
standards with a THD of 3.60%. The main contribu-
tion of this study is the development of a PI-controlled
CUK H-Bridge inverter model that can operate in buck,
steady-state, and boost modes while maintaining low
harmonic distortion in the output current.

Thus, this study is expected to provide an alterna-
tive buck-boost inverter topology with a simple control
strategy, good power quality, and suitability for renew-
able energy applications.

II. RESEARCH METHODS

This section describes the research methodology used
to model, simulate, and evaluate the proposed CUK
H-Bridge current-controlled inverter. The discussion
includes the basic principle of the CUK converter, H-
Bridge inverter operation, current control strategy, PI
controller design, PSIM simulation environment, pro-
posed topology, and testing procedures.

i. CUK Converter

A CUK converter is a type of DC–DC converter that
can be used to step up or step down the output voltage,
as shown in Figure 1. This topology uses two inductors
to reduce current ripple on both the input and output
sides, while also producing a continuous current. When
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the switch in the CUK converter is in the closed or ON
state, the coupling capacitor acts as an energy trans-
fer medium and simultaneously delivers energy to the
output inductor L2 and the load [19].

Figure 1: CUK converter.

Although the CUK converter offers several advan-
tages, such as current stability and flexible voltage reg-
ulation, it requires a compensation circuit to maintain
system stability [20]. The magnitude of the voltage rip-
ple, denoted by ∆V , is proportional to the load current
I and inversely proportional to the switching frequency
f and capacitance C. The inductor L1 on the input side
acts as a DC voltage filter to reduce high harmonic com-
ponents. Meanwhile, capacitor C1 stores and transfers
energy from the input side to the output side. When
the MOSFET is in the OFF state, current flows through
inductors iL1 and iL2 through the diodes [21].

After describing the CUK converter as the volt-
age regulation stage, the next subsection explains the
H-Bridge inverter, which functions as the DC-to-AC
conversion stage.

ii. H-Bridge Inverter

Figure 2 shows the H-Bridge inverter power circuit
that uses four power switches. The input voltage Vin is
supplied by a DC source, while the output voltage is
connected to the CUK AC–AC converter circuit shown
in Figure 4.

Figure 2: H-Bridge inverter.

The operating principle of the H-Bridge inverter

can be analyzed based on its positive-cycle and
negative-cycle switching modes. During the positive
cycle, switches S1 and S3 are active. This condition
allows current to flow from the VDC source to L1 and
the load through S3, resulting in a positive output volt-
age. The voltage relationship during this positive-cycle
operation is expressed in Equation (1) [22, 23].

VDC =VL +Vout (1)

By substituting the inductor voltage relationship
into Equation (1), the positive-cycle voltage equation
can be rewritten as shown in Equation (2).

VDC = L
diL
dt

+Vout (2)

In the negative-cycle operation mode, switches
S2 and S4 are active. In this condition, current from
the VDC source flows to the load through S2 and re-
turns through S4 to the source. The voltage relationship
during this negative-cycle operation is expressed in
Equation (3) [22, 23].

−VDC =VL +Vout (3)

By applying the same inductor voltage relation-
ship, the negative-cycle voltage equation can be written
as shown in Equation (4).

−VDC = L
diL
dt

+Vout (4)

After the inverter operating principle has been
described, the next subsection discusses the current
control strategy required to regulate the output current
of the proposed inverter system.

iii. Current Control in Inverter Systems

Current control is a critical aspect of modern inverter
systems, particularly in applications requiring high sta-
bility and precision, such as electric motor drives, re-
newable energy systems, and DC-to-AC power conver-
sion. Its main objective is to ensure that the inverter
output current follows the reference signal quickly and
accurately, while minimizing disturbances or ripple that
may damage the load [24].

Current control techniques are divided into two
main categories. The first category is linear current
control, such as PI control, which operates based on the
error between the reference current and the actual cur-
rent. The second category is hysteresis control, which
uses a switching method based on the upper and lower
thresholds of the current signal. In inverter systems
based on the CUK H-Bridge topology, current control
becomes more precise due to the presence of energy
storage elements such as inductors and capacitors [24].
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After explaining the role of current control in in-
verter systems, the next subsection presents the PI al-
gorithm used as the main control method in this study.

iv. PI Algorithm

A Proportional-Integral (PI) controller is a combination
of proportional control and integral control, as shown in
Figure 3. The proportional component Kp accelerates
the system response but cannot eliminate steady-state
error, whereas the integral component Ki eliminates
steady-state error by integrating the error over time [25].

Figure 3: Proportional-Integral controller.

The control output of the PI controller in the time
domain is determined by the proportional term and
the integral term. The time-domain equation of the PI
controller is expressed in Equation (5).

m(t) = Kpe(t)+Ki

∫
e(τ)dτ (5)

To analyze the controller in the frequency do-
main, the PI controller can also be represented using
the Laplace transform. The Laplace-domain transfer
function of the PI controller is shown in Equation (6).

M(s)
E(s)

= Kp

(
1+

1
Tis

)
(6)

where Kp represents the proportional gain and
Ti represents the integral time. For parameter tuning,
this study uses the empirical Ziegler–Nichols (Z–N)
method, which determines the PI parameters without
complex mathematical calculations [26].

In this method, the integral value Ki is initially set
to a very high value, and then Kp is gradually increased
until the system reaches steady-state oscillation. This
process is used to determine the ultimate gain Ku and
the ultimate period Pu. The proportional gain of the
PI controller based on the Ziegler–Nichols method is
calculated using Equation (7).

Kp = 0.45×Ku (7)

The ultimate period is obtained from the total os-
cillation time divided by the number of oscillations, as

expressed in Equation (8).

Pu =
Ttotal

N
(8)

After obtaining the ultimate period, the integral
time constant is determined using Equation (9).

Ti =
Pu

1.2
(9)

Finally, the integral gain is calculated from the
proportional gain and integral time constant, as shown
in Equation (10).

Ki =
Kp

Ti
(10)

After the PI algorithm and tuning procedure have
been described, the next subsection explains the simula-
tion software used to model and evaluate the proposed
system.

v. Power Simulator

Power Simulator (PSIM) is simulation software specifi-
cally designed for the analysis of power electronics sys-
tems, DC–DC converters, electric motor drives, power
systems, and power control systems. PSIM provides
fast and robust simulation algorithms [27]. Its main
features include a schematic editor, a power component
library consisting of MOSFETs, IGBTs, SCRs, diodes,
inverters, and electric motors, a waveform viewer, an
FFT analyzer for harmonic analysis, and current and
voltage sensors for control systems. Compared to MAT-
LAB/Simulink, PSIM offers significantly higher simu-
lation speed for power electronics circuits [28].

After discussing the simulation platform, the next
subsection describes the proposed CUK H-Bridge in-
verter topology modeled in PSIM.

vi. Design of a CUK H-Bridge Inverter

The proposed topology is divided into two sections.
The first section is the H-Bridge inverter side with four
active power switches, namely S1–S4, which convert
DC voltage into AC voltage using a half-bridge rectifi-
cation strategy. The second section is the AC CUK con-
verter circuit, consisting of switches S5–S8, which reg-
ulates the voltage in buck-boost mode. Figure 4 shows
the circuit diagram of the CUK H-Bridge inverter. The
power switches used are IRFP460 MOSFETs, selected
for their ability to operate at high voltage up to 500 V
and maximum current of 20 A. The addition of an
LC filter aims to reduce the THD value on the output
current side [29].

The H-Bridge inverter is controlled by a zero-
crossing Sinusoidal Pulse Width Modulation (SPWM)
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Figure 4: CUK H-Bridge inverter.

signal. To generate the SPWM waveform, a triangular
carrier signal with a frequency of 10 kHz is required.
This signal produces a 180◦ phase shift to form negative
and positive cycles. Switches S5–S8 are controlled by a
PWM signal to regulate the voltage in buck-boost mode.
The PI controller is implemented using the TL084CN
IC, which is a quad operational amplifier with 14 pins.
The gain values are obtained using the Ziegler–Nichols
method.

After the proposed topology has been defined, the
next subsection presents the testing procedures and
simulation parameters used to evaluate system perfor-
mance.

vii. Testing Procedures

The tests were conducted through simulation using
PSIM software. The first test was performed in open-
loop mode to verify the input and output voltages under
no-load conditions. Subsequently, a closed-loop test
was conducted to control the current on the output side.
The test parameters are presented in Table 2.

Table 2: Test parameters

Parameter Value Unit

Vin 50 VDC
Capacitor 1 4.7 µF
Capacitor 2 20 µF
Inductor 1 2 mH
Inductor 2 0.5 mH
Frequency 10 kHz
Load 10 Ω

A frequency of 10 kHz was selected as a com-
promise between power quality and switching losses.
Higher frequencies can reduce the size of the LC filter,
but they increase switching losses in the MOSFETs. In
this study, the selected frequency of 10 kHz was able to
achieve a THD of 3.6% in accordance with IEEE 519.
Therefore, this frequency was considered sufficient to
validate the performance of the proposed topology and

control method.
Calibration of the PI parameters was performed us-

ing the Z–N method by gradually increasing Kp starting
from 0.1, while observing the system response between
the actual current Iact and the reference current Iref at
each step. After the ultimate gain was obtained, fine-
tuning was performed using the trial-and-error method
to improve system performance [30].

The passive component values were determined
based on the analysis of the CUK converter operating
modes under Continuous Conduction Mode (CCM)
conditions. To determine the inductor value, the basic
relationship between the inductor voltage and current
variation is used, as expressed in Equation (11).

VL = L
di
dt

(11)

Equation (11) can be rearranged and integrated
over the switching interval DT to obtain the inductor
current ripple. The integration form is presented in
Equation (12).

∆IL =
∫ DT

0

VL

L
dt (12)

Assuming that the inductor voltage remains con-
stant during the switching interval, the inductor current
ripple can be simplified as shown in Equation (13).

∆IL =
VLDT

L
(13)

Since the switching period is defined as T = 1/ fs,
the inductor current ripple can be rewritten in terms of
switching frequency, as shown in Equation (14).

∆IL =
VLD
L fs

(14)

For the capacitor design, the relationship between
capacitor current and voltage variation is used as the
basis of the calculation. The basic capacitor current
equation is expressed in Equation (15).

iC =C
dv
dt

(15)

Equation (15) can be rearranged and integrated
over the switching interval DT to determine the capac-
itor voltage ripple. The integration form is shown in
Equation (16).

∆VC =
∫ DT

0

iC
C

dt (16)

Assuming that the capacitor current is constant
during the switching interval, the capacitor voltage rip-
ple can be expressed as shown in Equation (17).

∆VC =
iCDT

C
(17)
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With the switching period defined as T = 1/ fs, the
capacitor voltage ripple can be rewritten as a function
of duty cycle and switching frequency, as expressed in
Equation (18).

∆VC =
iCD
C fs

(18)

After obtaining the values of each passive com-
ponent, the values were refined through trial-and-error
simulations using PSIM to determine the optimal com-
ponent values.

III. RESULTS AND DISCUSSION

This section presents and discusses the simulation re-
sults of the proposed CUK H-Bridge current-controlled
inverter. The evaluation includes open-loop switching
verification, PI controller tuning, buck-boost operating
mode analysis, power factor and output power assess-
ment, and Total Harmonic Distortion (THD) analysis.
Each result is analyzed to validate the performance
of the proposed topology and the effectiveness of the
PI-based current control strategy.

i. Open-Loop Switching Verification

In this study, preliminary testing was conducted using
an open-loop simulation with Power Simulator (PSIM)
software to verify that each circuit block, both on the
power side and the control side, functioned normally
prior to the integration of the closed-loop control sys-
tem. This verification phase focused on observing the
switching patterns and output waveforms at strategic
measurement points defined in the model.

Based on observations on the H-Bridge inverter
side, power switches S1 and S2 operate alternately
and complement each other, while switches S3 and
S4 function as zero-crossing switches, as shown in Fig-
ure 5. This switching pattern aligns with the Sinusoidal
Pulse Width Modulation (SPWM) zero-crossing strat-
egy, which utilizes a 10 kHz triangular carrier wave to
produce a 180◦ phase shift, thereby precisely forming
positive and negative cycles.

Figure 5: Switching pattern of the H-Bridge inverter.

In addition to verification on the switch side, mea-
surements were taken at the inverter output voltage
terminal Vo to ensure the integrity of the power system.
The measurement results, as shown in Figure 6, indi-
cate that although the output voltage is still in the form
of a square wave, the waveform exhibits oscillatory
characteristics that form a sinusoidal pattern. This tech-
nically indicates that the inverter side is functioning
correctly.

Figure 6: Output voltage of the H-Bridge inverter.

Verification then continued on the boost converter
section by placing probes on switches Q1 through Q4,
as shown in Figure 7. The simulation results confirm
that each switch on the converter side turns on alter-
nately in accordance with the given PWM signal, prov-
ing that the entire power circuit is ready to operate in
current control mode based on the Proportional-Integral
(PI) algorithm.

The output of the PI controller is a control signal
representing the current error between Iref and Iact. This
signal is compared with a 10 kHz triangular carrier
wave to generate PWM. The resulting PWM duty cy-
cle is then used to control switches S5–S8 in the CUK
section of the AC–AC converter.

Thus, changes in the current error directly affect
the duty cycle of switches S5–S8, so that the output volt-
age can be regulated in both buck and boost modes. No
dead-time has been explicitly implemented in the simu-
lation model. The simulation uses ideal complementary
PWM signals so that there is no overlap between pairs
of switches operating in opposite directions. Therefore,
shoot-through conditions do not occur in the simulation
environment. However, in real hardware implemen-
tations, dead-time must be added to the gate signals
to account for the turn-on and turn-off delays of the
MOSFETs, which can cause shoot-through.
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Figure 7: Switching pattern of Q1–Q4.

ii. PI Controller Tuning

In the next stage of this study, the Proportional-Integral
(PI) controller was tuned to ensure system stability in
controlling the output current. This tuning process uses
the empirical Ziegler–Nichols (Z–N) method, in which
the proportional gain Kp is gradually increased while
the integral parameter Ti is set to a high value of Ti =
1000. This condition is used to focus the observation
solely on the effect of the proportional parameter.

In the initial experiment with Kp = 0.1, the system
demonstrated the ability to track the reference current
Iref, but with a very slow response characterized by a
large amplitude difference between the actual current
Iact and the reference current. The comparison between
Iref and Iact during PI tuning is shown in Figure 8.

Figure 8: Comparison between Iref and Iact during PI tuning.

Gradually increasing the Kp value to 0.3 and 0.5
improves tracking performance and speeds up the sys-
tem response, although the amplitude error has not yet
been completely eliminated. Figure 9 shows the con-
dition when Kp reaches 0.8. Under this condition, the
system exhibits increasingly stable behavior with re-
duced error, eventually reaching the final gain Ku at
Kp = 1. At this point, the system achieves steady-state
stability with no error and a final period Pu of 0.02 s.

Figure 9: Comparison between Iref and Iact under Ku condi-
tion.

Based on the obtained Ku and Pu values, calcu-
lations using the standard Ziegler–Nichols equation
yielded initial parameters of Kp = 0.45, Ki = 27, and
Ti = 0.0167. Although these parameters provided a
good control foundation, this study proceeded to a re-
finement stage through a trial-and-error adjustment pro-
cess to achieve more accurate performance. As shown
in Figure 10, the final results of this adjustment estab-
lished optimal values of Kp = 0.6, Ti = 0.0167, and
Ki = 35.

Figure 10: Condition of Iref and Iact after fine-tuning.

The results in Figure 10 confirm that although
the Ziegler–Nichols method is highly effective as a
practical initial approach, further adjustments are still
necessary to achieve the most optimal and accurate
operating point for the system in this CUK H-Bridge
Inverter simulation.

iii. Tests for Buck-Boost Mode

Another stage of testing focused on evaluating the out-
put voltage Vo performance in response to variations
in the reference current Iref to validate the operational

https://journals2.ums.ac.id/emitor/article/view/17937
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flexibility of the CUK H-Bridge Inverter topology. The
testing was conducted by maintaining a constant input
voltage Vin of 50 VDC, which serves as a reference for
determining the system operating mode. Mode deter-
mination is based on a comparison between Vo and Vin,
where the system operates in buck mode if Vo <Vin and
in boost mode if Vo > Vin. The test parameters using
the reference current are summarized in Table 3.

Table 3: Buck-boost mode test parameters

Iref (A) Vo (V) Mode

3 30 Buck
5 50 Steady state
10 100 Boost

Based on the simulation results presented in Ta-
ble 3, when the reference current is set to 3 A, this
topology operates in buck mode with an output volt-
age of 30 V. When the current is increased to 5 A,
the system reaches a steady-state condition where Vo

oscillates around 50 V, equivalent to the input voltage.
A significant change occurs when the reference current
is further increased; at 10 A, the topology switches to
boost mode with Vo reaching 100 V, or twice the value
of Vin. Figure 11 shows the results of the buck-boost
mode test.

Figure 11: Output voltage during buck-boost mode testing.

The results in Figure 11 empirically confirm that
the output current is directly proportional to the output

voltage, such that an increase in the reference current
proportionally increases the voltage level at the load
terminals. The success of the transition between these
modes is heavily influenced by the role of the passive
components used in the design. Coupling capacitor C1
plays a crucial role in transferring energy to the output
side, while capacitor C2 and inductor L2 act as filters
to reduce ripple and maintain output stability in each
mode.

Additionally, inductor L1 on the input side ensures
continuous voltage by storing energy from the source.
The system ability to accurately track the actual cur-
rent at various operating points demonstrates that the
combination of the CUK H-Bridge topology and the
applied control algorithm is effective for applications
requiring flexible voltage regulation.

iv. Power Factor and Output Power

This test focuses on analyzing the correlation between
the phase of the output voltage Vo and the actual current
Iact to determine the system power transfer efficiency.
Measurement results from the same channel on the
waveform display show that the Vo and Iact waveforms
are in phase, with the peaks and troughs of both wave-
forms occurring simultaneously. This phase alignment
is due to the use of a resistive load in the simulation
test parameters.

Due to the absence of phase shift between voltage
and current, the system successfully achieves a highly
optimal power factor, represented by cosφ , approach-
ing unity. The power factor result of the proposed
topology is shown in Figure 12.

Figure 12: Power factor value of the proposed topology.

Meanwhile, the topology was also subjected to
an inductive load in the form of a transformer. This
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resulted in a reduction in the output voltage amplitude
as well as a current lag relative to the voltage. Although
the waveform remains sinusoidal, the energy stored
in the magnetic field results in a lower power factor
compared to a resistive load. A comparison of the
resistive and inductive load tests is presented in Table 4.

Table 4: Load comparison

Parameter Resistive Load Inductive Load (Trans-
former)

Phase shifting 0◦ Lagging
Power factor ≈ 1 < 1
Voltage amplitude ±95 V ±90 V
Waveform Stable sinusoidal Sinusoidal with slight am-

plitude reduction

As shown in Table 4, the resistive load produces
no phase shift between voltage and current, resulting in
a power factor close to unity. In contrast, the inductive
load produces a lagging current response and a lower
power factor.

In terms of power capacity performance, the de-
signed CUK H-Bridge Inverter topology demonstrates
the ability to handle high-power loads. Based on the
test data, the maximum output power that the system
can generate is 2250 W or 2.25 kW. This peak power
is achieved at a maximum reference current of 15 A
with an output voltage of 150 V in boost mode.

Technically, the magnitude of this output power is
highly dependent on the selection of passive component
values used in the modeling, particularly the charac-
teristics of the load resistor as well as the capacitance
of the filter capacitor and coupling capacitors C1 and
C2. The success in achieving 2.25 kW of power with
an ideal power factor demonstrates that the integration
of the CUK topology and the H-Bridge inverter offers
advantages in stability and power capacity compared
to other conventional topologies.

v. THD Analysis

In the final stage of system performance evaluation,
power quality was assessed by measuring the Total
Harmonic Distortion (THD) value of the output current.
This parameter is crucial because the power quality
of a converter significantly affects the performance
and service life of components in the entire electrical
system. In power electronics industry standards, IEEE
519 specifies that the maximum allowable THD value
for connected systems is 5%.

Before conducting the harmonic analysis, the out-
put current waveform of the proposed topology was
first observed to evaluate the sinusoidal characteristics
of the current signal, as shown in Figure 13. The wave-
form indicates that the PI-controlled CUK H-Bridge

inverter is able to produce a stable output current with
a shape approaching a sinusoidal waveform.

Figure 13: Output current waveform of the proposed topo-
logy.

Based on the harmonic analysis shown in Fig-
ure 14, the proposed CUK H-Bridge Inverter topology
successfully achieved an output current THD value
of 3.6%. This value is below the IEEE 519 standard
threshold, indicating that the output current has excel-
lent quality and a low distortion level.

Note
* Fundamental frequency (orde-1) = 50 Hz, with a peak current of 14 A
* Harmonic - 3 = (150 Hz), harmonic - 5 = (250 Hz), harmonic - 7 = (350 Hz), and harmonic - 9 = (450 Hz). A peak 
current of less than 1 A
* Total current THD = 3.6%

Note
* Fundamental frequency (orde-1) = 50 Hz, with a peak current of 14 A
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current of less than 1 A
* Total current THD = 3.6%
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Figure 14: THD value of the proposed topology.

The result in Figure 14 demonstrates the effective-
ness of the integration between the passive components
and the implemented control algorithm in reducing har-
monic distortion. Technically, the use of an LC filter
consisting of inductor L2 and capacitor C2 plays a vital
role in filtering current and voltage ripple, resulting
in a smoother waveform that approaches a pure sine
wave. Additionally, the use of a Proportional-Integral
(PI) control algorithm that has undergone fine-tuning ef-
fectively minimizes tracking error in the output current,
which directly contributes to the reduction of system
harmonics.

Thus, the combination of the PI-controlled CUK
H-Bridge Inverter topology has proven capable of pro-
ducing reliable power conversion and meeting interna-
tional power quality regulations for renewable energy
applications.

https://journals2.ums.ac.id/emitor/article/view/17937
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IV. CONCLUSION

The topology design of the CUK H-Bridge Inverter
has been successfully carried out by combining an H-
Bridge inverter and a CUK converter, equipped with an
LC filter and a closed-loop PI control system, which
was simulated using PSIM software. This topology con-
verts DC voltage into AC voltage through the inverter,
then regulates the voltage and current levels using the
CUK converter in buck and boost modes. The system is
controlled by the PI controller to produce stable voltage
and high-quality current.

The Proportional-Integral (PI) control algorithm,
tuned using the Ziegler–Nichols method and further
refined through fine-tuning to obtain Kp = 0.6 and
Ki = 35, is capable of minimizing the error between
the reference current and the actual current. The con-
troller produces a fast system response and eliminates
steady-state error. The output current accurately tracks
the reference across the entire operating range, with a
THD of 3.6% that meets the IEEE 519 standard, and a
maximum output power of 2.25 kW at 150 V.

Further research is recommended for several as-
pects: implementing a hardware prototype to validate
the simulation results; adding a harmonic filter on
the output side to further reduce THD; investigating
more advanced control algorithms such as Fuzzy Logic,
Model Predictive Control (MPC), or Sliding Mode Con-
trol; and integrating the topology with renewable en-
ergy sources, such as solar panels, for grid-connected
or off-grid applications.
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