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Abstract: The development of electrical power conversion equipment is increasing, along
with the utilization of new and renewable energy sources. Power conversion equipment
from DC to AC voltage, known as inverters, is extensively researched and implemented in
this sector. These inverters commonly operate as step-down voltage in specific applications
used as step-ups with limited operating ranges. A step-up-down inverter with a single
power circuit is developed to overcome this issue. Still, the number of power switches
used correlates with the complexity of its control strategy. This paper investigates a step-
up-down inverter using the Zeta H-Bridge Inverter with the implementation of six power
switches. Furthermore, this type of inverter is operated with a controlled output current
utilizing the STM32VET407 micro controller. The control method is derived based on pos-
sible operational modes. An HX10-P current sensor detects the output current. It maintains
itself according to the current reference by installing a proportional-integral controller. The
initial verification utilizes computational simulation with power simulator software, en-
suring the system operates as intended. The final stage involves implementation in the
laboratory and testing with standardized equipment. The test results meet the IEEE 519
standard, where the output current has a THD of 1.1%.
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1 Introduction

The development of electrical power engineering is proliferating, especially in renewable
energy, due to environmental issues in offices, housing, and the industrial sector [1]. The
increasing energy demand is particularly felt with the rise in fuel prices. Therefore, more
research is focusing on alternative energy, also known as environmentally friendly energy.
There is already much-related research using alternative energy as a source of electric-
ity generation [2]. Environmentally friendly alternative energy is obtained from various
sources, such as wind, water, and solar [3]. These energies produce DC output voltage, but
the voltage commonly used is in the form of AC, so equipment is needed to convert the
energy with high efficiency, simplicity, and low cost.

Previous research on the step-up-down voltage converter is known as the Zeta Con-
verter [4]. Modification of Zeta Converter topology by using two inductors and two ca-
pacitors to achieve better performance has been studied and implemented [5-7]. The Zeta
Converter is a step-up-down voltage converter with several advantages, such as low out-
put voltage ripple and the same polarity as the input voltage [4,8]. Other power converters
are CUK and SEPIC converters, where three converters are superior to conventional step-
up-down converters [9,10]. The Zeta Converter is widely used with the Continuous Con-
duction Mode (CCM) switching method, thus generating Pulse Width Modulation (PWM)
with a duty cycle that never reaches zero [4,11]. As in the research developed by several
researchers [12], a Zeta converter is utilized for current control. Another utilization of the
Zeta Converter is used to maximize the output and efficiency of Maximum Power Point
Tracking (MPPT) in Photovoltaic applications. The H-Bridge inverter is a DC-AC converter
controlled by a single leg that has been tested and works well using the Voltage Source
Inverter (VSI) method [13]. With sinusoidal pulse width modulation (SPWM) switching
mode, the H-Bridge Inverter topology produces a suitable output voltage [14, 15]. Con-
trolled current H-Bridge Inverter can produce better power quality with Total Harmonic
Distortion (THD), according to IEEE Std 519-2014 [16-18]. This topology uses current con-
trol strategies to control the output current even under load variations [19,20]. AC-AC
Converter is one of the topologies for changing the output voltage amplitude developed
by several researchers [17,21]. This paper aims to combine two inverter topologies and
Zeta converters to form a new type of inverter. Combining the H-Bridge inverter and Zeta
converter enables it to operate over a wide range. This topology uses six power switches
consisting of 4 power switches for the H-Bridge Inverter and two for Zeta AC-AC.

The proposed topology of an H-Bridge-based inverter and Zeta AC-AC converter is
based on operation modes to obtain a new control structure. Furthermore, this new topol-
ogy of the H-Bridge inverter and Zeta AC-AC converter is operated as a controlled current
source inverter. The new inverter topology, operation modes, and control strategies are
further discussed in section 2. Simulation results, hardware testing in the laboratory, and
detailed analysis are discussed in section 3. Conclusions based on the simulation results
and implementation are presented in section 4.
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2 Research Method

The proposed topology uses the H-Bridge Inverter and Zeta Converter. Zeta AC-AC op-
erates on AC voltage as a step-down and step-up output voltage. Figure 1 shows the Zeta
H-Bridge Inverter topology with six active power switches.

2.1 Zeta H-Bridge Inverter

This section explains the operation of the Zeta H-Bridge Inverter using the switching strat-
egy during the positive cycle. When switches S1 and S4 conduct and S2 and S3 are in-
active, the H-Bridge Inverter produces an output voltage Vz1 = V;. During the negative
cycle, S2 and S3 conduct while S1 and 54 are inactive, resulting in an output voltage of
Vi1 = —V;. Figure 1 shows the proposed Zeta H-Bridge Inverter Topology by combining
the H-Bridge Inverter with the Zeta Converter. Figure 2 illustrates the operational mode
using four power inverter switches (S1 - S4) and two Zeta AC-AC power switches (S5 and
S6).

SJ > j Il YN
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Figure 1: Zeta H-Bridge inverter.

Two operating modes are shown in Figure 2 for a positive cycle, where:

1. The operation of the inverter power switch occurs during the positive cycle, with S1
and 5S4 conducting. At this point, when the voltage is up to (V;), the current flows
from the DC source (V) towards L1 and then back to (V;). According to KVL (Kir-
choft’s Voltage Law), the current in the inductor can be derived from the equation:

Vi, =Vs=L1—— (1)

Vs/L1 )

The instantaneous change in the current value of inductor L1 while switches S1 and

54 are conducting is:
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L
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2. When the Zeta AC-AC power switch is working, and S6 is conducting, the current in
inductor L1 will flow towards the load and then return to L1 and L2 with S6 active
and S5 operating as a diode. This condition is called freewheeling, and the following
equation applies:

dily
Vi, = Vo= L @
dilq V,
o fl )

So, the value of the instantaneous current change in inductor L1 during the activation
of switch S6 or freewheeling mode is as follows:

V,(1—D)T

- ©)

(1-D)T
AILloff:/ dIL, =
0
The total energy stored in an inductor during both conduction and non-conduction in one
cycle is equal to zero (0):

Ari,,; +Arpi,, =0 )

Equation 8 and Equation 9 are obtain by substituting the above Equation 3 and Equation 6:

off

0 (8)

Vo(1—D)T' V,DT
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Vo
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where D is modulation Index.

2.2 Switching Control Strategy

The SPWM control strategy generates the switching signals for the power switches in the
inverter section. This SPWM control is derived from the control strategy illustrated in
Figure 3. Figure 3 illustrates the SPWM control strategy using two sinusoidal signals (Vsin)
that are phase-shifted oppositely (-Vsin) and modulated with a triangular carrier signal.
This modulation produces an SPWM switching pattern where S1 and 54 switch during
the positive cycle, while 52 and S3 switch during the negative cycle. S5 and S6 are zero-
crossing PWM signals complementary and operate at a 50 Hz frequency. It is obtained by
comparing Vsin with zero.

2.3 Current Control Strategy

The experiment conducted to test this topology employs an output current control strategy.
Several control methods, such as Hysteresis, Proportional, and others, can be used. In this
test, a Proportional Integral (PI) controller is used due to several advantages, including the
predictability of the switching frequency, as it uses a triangular carrier signal. Moreover,
this type of control has a fast response time, allowing it to achieve the desired output signal
by the reference signal, even with load variations. The PI control structure is shown in
Figure 4.
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Figure 2: Two operation modes of the Zeta H-Bridge inverter.

g NG s
< N = LUV T T
£ B T T
A ERERRELNARER sa JUUUTTTTUU
Time (s) o S5
s6 \
(a) SPWM modulation (b) Signal SPWM and PWM

Figure 3: Control strategy SPWM.
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Figure 4: Proportional Integral (PI) control strategy.

K, is the proportional gain, K is the integral gain, and C/(s) represents the output of the
controlled system, also known as Iact. The values of K, and K; are adjusted during field
implementation to achieve the desired error value. The error is defined as the difference
between the reference value R(s) and the actual value C(s), and it is formulated as shown
in Equation (10).

error = R(s) — C(s) (10)

Figure 5 represents this paper’s proposed output current control strategy circuit. The
Current Transducer HX-10P is used as the sensor for Iout. The output from the HX-10P
provides the actual system value Iout, which is then converted into a voltage scale for the
STM32F407VET6 microcontroller to generate the error value. The PI values obtained from
computational simulations using power simulator software are compared with a high-
frequency triangular signal of 10 kHz. This results in SPWM switching with a 180° phase
shift between the positive and negative cycles. The AC-AC Zeta switching uses the PWM
Zero Crossing method with inverted switching, ensuring that the positive and negative
cycle switches do not turn on simultaneously. Figure 6 shows the programming algorithm
used for the control strategy illustrated in Figure 5. The IR2111 optocoupler is used to
simplify programming, as only one program needs to be written for the same inverter leg,
with the lower switch being the complement of the upper switch.

24 Components and Parameter

The Zeta H-Bridge Inverter circuit utilizes six MOSFETs as power switches (IRF450). The
STM32F407VET6 microcontroller generated the switching signals algorithm based on Fig-
ure 6. The switching signals from the microcontroller are sent to four TLP250 optocouplers
and two IR2111 optocouplers, which act as signal transmitters to the power switches. The
output current was detected by the current sensor (HX10-P), and it was used for feedback
current. The Audio Frequency Generator (AFG) was used for reference signals that would
be controlled. Table 1 lists the components and parameters used in both simulation and
hardware implementation. Figure 7 shows the electrical circuit block diagram that was
designed based on Figure 5 and Figure 6. The electrical circuit block diagram implemented
by electronic devices is described above. Figure 8 shows the hardware implementation of
the Zeta H-Bridge Inverter in laboratory tests based on Figure 7.
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Figure 5: Topology of current controlled Zeta H-Bridge inverter strategy.
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The Zeta H-Bridge Inverter circuit
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Table 1: Parameters

No Components Value
1 DC Source 12V
2 Inductor 1 2mH
3 Inductor 2 0.2mH
4  Capacitor 1 100uF
5  Capacitor 2 10uF
6 Load 50-1002
7 Gain Proportional 20
8 Gain Integral 0.001
9 Switching Frequency  10KHz
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Figure 9: Iact and Iref measuring wave during step-down condition.

3 Results and Discussion

To verify the results of the laboratory testing and simulation, the same parameters and
components listed in Table 1 were applied, yielding consistent outcomes. This topology
was developed to allow testing under both step-up and step-down voltage conditions by
adjusting the value of Iref. The higher Iref value accepted by the STM32F407VET6, the
higher the output voltage compared to the input voltage (voltage step-up). Conversely,
reducing Iref results in a lower output voltage (voltage step-down). During the simulation
of the step-down condition, as shown in Figure 9a, the actual current lact consistently fol-
lows Iref. Iact also follows Iref in the hardware implementation, as shown in Figure 9b.
It demonstrates that the hardware implementation and simulation results are aligned and
correlated, as can be compared in Figure 9a and Figure 9b.

The simulation results show the output voltage and current under voltage reduction
conditions, displayed within a single frame, indicating that the voltage and current phases
are the same, as shown in Figure 10a. it is then tested in the implementation depicted in
Figure 10b. The voltage step-down condition is evaluated by comparing the output voltage
amplitude with the input DC voltage. Figure 11a shows the simulation results tested under
the step-down condition. Figure 11b presents the implementation results, indicating that
the amplitude of the AC output cannot exceed the input voltage.

Based on the voltage step-up condition, the measurements were close to the step-down
condition. In the simulation results shown in Figure 12a, the current actual (Iact) was
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Figure 10: Vout and Iout measuring wave step-down condition.
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Figure 11: Vin and Vout measuring wave during step-down condition.
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locked to the current reference (Iref). The hardware implementation test is shown in Fig-
ure 12b: the current actual (Iact) was followed by the current reference (Iref). Figure 13a
shows Vout and Iout during simulation and implementation under the voltage step-up
condition, Figure 13b. This comparison verifies that the output voltage and current are in
phase.

To test the step-up condition, the amplitude of the AC output voltage or Vout was com-
pared with the DC input voltage or Vin in both simulation and implementation. The am-
plitude of Vout must be higher than the Vin to prove that topology can work at the step-up
condition: simulation Figure 14a and implementation, Figure 14b. For testing the current-
controlled topology, the load was varied between 502 to 100(2, Table 1. When the load
changes, the Iout remains stable while the Vout changes the amplitude. This is because the
control strategy used is current control, which is designed to stabilize the current under all
conditions, such as load changes. Figure 15a shows the simulation result tested under the
load changes. Iout will not change under the load changes, while Vout will change as the
load changes. Figure 15b shows the hardware implementation result. Figure 16 shows a
Total Harmonic Distortion (THD) value of 1.1% for both the output voltage and current.
This value meets the IEEE Std 519-2014 standard, which requires THD to be less than 5%.
Low THD is crucial for power converter topologies to ensure that current is injected into
the grid with minimal distortion.
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Figure 12: Jact dan Iref measuring wave during step-up condition.
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Figure 13: Vout dan Iout measuring wave during step-up condition.
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Figure 14: Vin dan Vout measuring wave during step-up condition.
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4 Conclusion

The current-controlled Zeta H-Bridge Inverter topology combines an H-Bridge Inverter
with an AC-AC Zeta converter, where the output current is controlled, allowing it to oper-
ate effectively as both a voltage step-up and step-down converter using six power switches.
The topology can switch between step-up and step-down conditions by adjusting the am-
plitude of Iref, enabling dual-mode operation. Load variation tests demonstrated that the
current control can stabilize the output current under changing load conditions. As a result,
this topology achieves high efficiency and low THD, with measured THD values of 1.11%
for the output current and 1.11% for the output voltage.
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