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 In some applications, parallel operation of some single-phase inverters with 

different characteristics is a necessity, such as in a photovoltaic power 

conversion system. Each power inverter with its power source works, 

delivering power to a common load which cannot be supplied by a single 

power inverter. This paper proposed a novel parallel operation of two 

different power inverter circuit types. H-bridge voltage source inverter (HB-

VSI) and H-bridge current source inverter (HB-CSI), supplying AC power to 

a common load. The proposed inverter system was examined and its 

operation characteristics were analyzed using computer simulation. 

Moreover, a laboratory prototype of the inverter system was made and 

examined to validate some principal characteristics of the inverter system 

experimentally. Test results showed that by combining the HB-VSI and HB-

CSI, a lower distortion of load current was achieved, specifically, total 

harmonic distortion (THD) of Iload was less than 1%. This phenomenon 

happens even the THD of AC currents generated by HB-VSI and HB-CSI at 

6.95% and 6.18%, respectively. 
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1. INTRODUCTION 

Nowadays, power inverters play a crucial role in processing the power generated by renewable 

energy sources. They are enabling the incorporation of renewable energy with existing electrical power grids, 

and even in standalone power systems, making them a fundamental component of modern energy 

infrastructure [1]-[4]. They convert DC power, typically from a solar panel array, battery storage system, or 

other DC sources, into AC power suitable for use in homes, businesses, or grid-connected applications [5], 

[6]. Based on the phase number, the power inverter circuits are categorized into two main types, i.e., three-

phase and single-phase inverters. The three-phase inverter usually handles high power applications with 

three-phase AC circuits, while single-phase power inverters are applied in lower power applications [7]. 

Single-phase power inverters are usually implemented in residential PV systems, where a single-phase AC 

system is standard for household appliances and lighting. They come in various sizes (rated in several 

kilowatts, kW) to match the output power of the solar array as a DC source [8]-[10]. 

The H-bridge voltage source inverter (HB-VSI) topology is composed of four switches connected in 

an "H" configuration. These switches can be thyristors, IGBTs, or MOSFETs. The switches are connected to 

form two pairs: upper and lower switches [11]-[13]. The HB-VSI requires a DC power source, which could 

be a battery bank, a DC bus from a renewable energy source like solar panels or wind turbines, or a rectified 

AC supply. The switches in the upper and lower arms of the HB-VSI are controlled in a manner that allows 
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for switching of polarity across the load (typically an inductive load such as a motor or a transformer’s 

primary winding). By controlling the switching sequence and timings of these switches, the HB-VSI can 

synthesize a sinusoidal AC output waveform. The AC output voltage waveform is typically controlled by 

implementing a pulse width modulation (PWM) waveform. By adjusting the duty cycle of PWM signals 

applied to the H-bridge switches, the effective value of AC output voltage can be varied, thus controlling the 

magnitude of the AC output [14], [15]. 

An H-bridge current source inverter (HB-CSI) is another type of power converter used for altering 

DC power to be AC power, but it operates on a different principle compared to the HB-VSI. Similar to the 

HB-VSI, the HB-CSI also uses four switches arranged in an "H" configuration. However, the power switches 

in the HB-CSI are unidirectional current switches. These switches are typically unidirectional current IGBTs 

or power MOSFETs, achieved by connecting discrete diodes in series. Unlike an HB-VSI, which requires a 

constant voltage DC source, the HB-CSI requires a constant current DC source. This DC current is often 

provided by DC current generation circuits [16]-[19]. Alike to the HB-VSI, PWM techniques are applied to 

regulate the output waveform. However, in an HB-CSI, the PWM control adjusts the width of pulses to 

control the average current flowing through the load rather than controlling the voltage directly. HB-CSI 

inherently provides protection of short-circuit faults due to its power inductor in the circuits. If a short circuit 

occurs, the inductor of the inverter automatically limits the current flow, protecting the circuit. In some 

renewable energy applications, HB-CSI can be used as a grid-tied inverter, especially in scenarios where 

current source characteristics are advantageous [20], [21]. 

In practical applications, parallel operation of some single-phase inverters offers advantages such as 

allowing for easy scalability of power output by adding more inverters and providing redundancy in critical 

applications. Operating power inverters in parallel refers to connecting multiple inverters together to achieve 

higher power output or a redundancy function to increase reliability [22], [23]. Each inverter typically has its 

own DC input from separate DC sources (such as batteries or solar arrays). Inverters in parallel should share 

the load proportionally based on their rated capacities. Load sharing can be achieved through control 

algorithms that adjust the output of each inverter based on the measured load and the available capacity of 

each inverter [24]-[27]. Grid-tied solar PV systems often use multiple inverters in parallel to handle larger 

arrays or to comply with grid connection standards [28]-[31].  

Currently, the voltage source inverters (VSIs) types are widely available commercially. However, 

with some features and advantages which cannot be found in the VSI type, the current source inverters (CSIs) 

are a very potential inverter candidate for power converters of renewable energy sources, particularly in PV 

system applications [32]-[34]. Figure 1 presents a configuration of three single-phase inverters for a PV 

conversion system. The arrow sign represents the power flow direction. Different types of inverters with 

different characteristics are very possible to be applied in this system. Operation in parallel of single-phase 

inverters is commonly conducted for the same inverter type, i.e., between VSIs or between CSIs. Based on 

the author's literature investigation, there is no reference that discusses the operation of different inverter 

types, especially between the HB-VSI and HB-CSI operated in parallel. A characteristic study of this new 

inverter system is required in order to support the operation design of the inverter system considerably 

needed, such as in a renewable energy conversion system. In this paper, a novel parallel operation between 

two distinct inverter types, i.e., H-bridge VSI and H-bridge CSI, was proposed and investigated to explore its 

characteristic operation. The developed parallel inverter system was tested and examined through computer 

simulation and experimentally in a laboratory using a laboratory prototype. 

 

 

 
 

Figure 1. System diagram of parallel inverters for photovoltaic conversion 
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2. PROPOSED INVERTER SYSTEM 

Circuit configuration of the H-bridge CSI is presented in Figure 2. It consists of four IGBTs and diodes 

to form a unidirectional current of active power switches. Controlling the switching states of these four 

switches, i.e., Q1Q2Q3Q4, will generate a three-level AC current waveform as depicted in Table 1. On the other 

hand, the circuit of the H-bridge VSI is presented in Figure 3. By operating the switching states as shown in 

Table 2, a three-level AC voltage waveform is produced. Even the active switch number is the same. However, 

the principal operation of both circuits is different. The current source inverter proceeds the DC current as input 

of the circuits, while the HB-VSI processes the DC voltage source into AC power. During the switching 

operation, a short circuit is prohibited in the HB-VSI, while an open circuit is prohibited in the HB-CSI. 

 

 

  
 

Figure 2. Circuit of H-bridge CSI [16] 

 

Figure 3. Circuit of H-bridge VSI [15] 

 

 

Table 1. Switching states of HB-CSI 
Q1 Q2 Q3 Q4 Iout 

1 0 1 0 +I 

1 0 0 1 0 
0 1 1 0 0 

0 1 0 1 -I 
 

Table 2. Operation mode of H-bridge VSI 
S1 S2 S3 S4 Iout 

0 1 0 1 +V 

1 
0 

0 
1 

0 
1 

1 
0 

0 
0 

1 0 1 0 -V 
 

 

 

Figure 4 presents the developed parallel circuits of HB-VSI and HB-CSI. An HB-CSI consists of 

four unidirectional controlled switches Q1Q2Q3Q4 connected with a DC current source as input power and a 

capacitor Cf as a filter. The H-bridge VSI composed by power switches S1S2S3S4 with a DC voltage source V 

as input power and filter Lf at output terminal. Both inverters work together, supplying power to a common 

AC power load as load current (Iload). The current supplied by H-bridge CSI is marked as Icsi, while the 

current drawn from H-bridge VSI is indicated as Ivsi as shown in Figure 4. The DC current generator of HB-

CSI was implemented by a power switch (Qc), diode Dc and an inductor L with a current sensor to facilitate 

controlling its current magnitude as shown in Figure 5. In order to regulate the current delivered by the H-

bridge CSI, a proportional plus integral (PI) current regulator was implemented as shown in Figure 6(a). A 

current sensor is utilized to quantify the current in the inductor to be controlled as DC input current of the H-

bridge CSI. The sinusoidal PWM was applied to produce a lower distortion AC output current of the H-

bridge CSI as described in Figure 6(b). 

 

 

 
 

Figure 4. Proposed parallel circuits of H-bridge VSI and CSI inverters 
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Figure 5. H-bridge CSI with DC current generator circuits [19] 

 

 

 
 

(a) (b) 

 

Figure 6. Control circuits: (a) current control of H-bridge CSI and (b) PWM modulation control circuit [29] 

 

 

Moreover, the current controller of HB-VSI is depicted in Figure 7. By using a current sensor at its 

output terminal, the AC output current of the H-bridge VSI was measured as Ivsi. This signal was compared 

with the reference AC current Iref of the H-bridge VSI. The PI current controller with a limiter and two 

triangular carrier signals was applied to process the error signals to generate PWM gating signals of the four 

H-bridge VSI power switches. The AC output current of the HB-CSI and HB-VSI was synchronized by using 

their sinusoidal modulating signal (VM) of the PWM strategy. 

 

 

 
 

Figure 7. Current control of H-bridge VSI 

 

 

3. TEST RESULTS AND DISCUSSION 

3.1.  Computer simulation test 

The basic principle of operation of the developed inverter system was examined by using the 

computer software of PSIM. Table 3 presents circuit parameters of the HB-CSI. The inductance of the 

inductor to generate DC current was 1 mH. The operation frequency of the inverter switches was 22 kHz 

with 50 Hz as the main AC current frequency. The H-bridge CSI was connected to a filter capacitor 14 µF 

before being connected to a power load resistor 3.3 Ω in series with an inductor 1 mH. Moreover, the circuit 

parameters of HB-VSI are listed in Table 4. The DC input voltage source was 24 V. The working frequency 

of switches and the main output frequency were the same of the HB-CSI, i.e., 22 kHz and 50 Hz, 

respectively. The output inductor filter was 1 mH. The H-bridge VSI was connected to a common power load 

together with the H-bridge CSI, i.e., R = 3.3 Ω, L = 1 mH. 
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Table 3. Circuit parameters of HB-CSI 
Parameters Values 

Inductance of DC inductor L 1 mH 
Capacitor filter 14 µF 

Switching frequency of IGBT 22 kHz 

Main frequency 50 Hz 
Connected power load R = 3.3 Ω, L = 1 mH 

 

Table 4. Circuit parameters of HB-VSI 
Parameters Values 

Power reactor of the filter 
DC voltage source 

1 mH 
24 V 

Switching frequency of the IGBT 22 kHz 

Main frequency 50 Hz 
Connected power load R = 3.3 Ω, L= 1 mH 

 

 

 

Figure 8 shows the current waveform of HB-CSI (Icsi) and H-bridge VSI (Ivsi) at different 

magnitudes. Both inverters produced sinusoidal output current with low waveform distortion. The load 

current (Iload) and load voltage waveform (Vload) are presented in Figure 9. A sinusoidal load current 

waveform was produced in this test. In order to analyze harmonic components and distortions of current 

waveforms in more detail, an analysis of the fast Fourier transform (FFT) was conducted by using a computer 

simulation. Figure 10 shows the low-frequency harmonics of AC current generated by the H-bridge CSI. The 

magnitudes of all harmonic components were less than 5%. It can be observed in this figure that the 

magnitudes of the 3rd, 5th, and 7th were 0.3%, 0.1% and 0.08% respectively.  

 

 

 
 

Figure 8. Current form H-bridge CSI (Icsi) and H-bridge VSI (Ivsi) 

 

 

 
 

Figure 9. Load current (Iload) and load voltage (Vload) waveforms 
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Figure 10. Harmonics spectra of H-bridge CSI output current (Icsi) 

 

 

Moreover, using the same method of FFT analysis, the low-frequency harmonics profile of AC 

output current produced by the H-bridge VSI is depicted in Figure 11. In these results, all harmonic 

components were less than 0.4%. The magnitudes of the 3rd, 5th, and 7th harmonic orders were 0.08%, 0.1% 

and 0.99%, respectively. Harmonic spectra of the load current supplied by both inverters are presented in 

Figure 12. As can be viewed in this figure, the magnitudes of all harmonic components were less than 0.3%. 

The 3rd, 5th, and 7th harmonic orders were 0.2%, 0.1% and 0.07% respectively. The harmonic characteristics 

of load current were much better than the harmonic contents of AC currents generated by the HB-CSI and 

HB-VSI, as shown in Figure 13. Although the THD values of HB-VSI and HB-CSI were more than 1%, the 

THD percentage of the load current was always less than 1%. It is a great feature for AC power loads 

requiring high power quality of AC current supplied by power inverters. 

 

 

 
 

Figure 11. Harmonic spectra of H-bridge VSI output current (Ivsi) 

 

 

3.2.  Experiment test results 

To verify the inverter system experimentally, laboratory prototypes of the HB-CSI and H-bridge 

VSI were made and tested. The power switches of the HB-CSI circuits were realized using IGBTs of 

FGA25N120ANTD connected in series with an ultrafast diode STTH6012. The IGBTs of 
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FGA25N120ANTD were also implemented to construct the H-bridge VSI. The circuit parameters were the 

same in the computer simulation test of Tables 3 and 4. Figure 14 presents the measured waveforms of load 

current (Iload) and the current supplied by H-bridge CSI (Icsi) during the operation in parallel of H-bridge CSI 

and H-bridge VSI. The current injected by the H-bridge VSI is shown in Figure 15. Both inverters supplied a 

sinusoidal current to the load experimentally. The waveform of the load voltage is depicted in Figure 16. 

Low distortion of the load current waveform was confirmed experimentally. 
 
 

 
 

Figure 12. Harmonics profile of load current (Iload) 
 

 

 
 

Figure 13. Harmonics profile comparison of Icsi, Ivsi, and Iload 
 

 

  
 

Figure 14. Load current (Iload) and H-bridge CSI 

output current (Icsi) 

 

Figure 15. Load current (Iload) and H-bridge VSI 

output current (Ivsi) 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 3, September 2025: 1721-1730 

1728 

 
 

Figure 16. Load current (Iload) and load voltage (Vload) waveforms 

 

 

4. CONCLUSION 

In this research paper, a new parallel operation of H-bridge CSI and H-bridge VSI was presented 

and discussed to investigate its basic operation characteristics. By using computer testing software and 

laboratory prototype test results, it was verified that the proposed inverter system worked well, generating 

sinusoidal load currents from both different inverters. The test results revealed a new feature that the total 

harmonics distortion (THD) of the AC current flowing through the common power load was much lower than 

the THD value of the AC current supplied by either H-bridge CSI or H-bridge VSI. This condition is a new 

advantage obtained from the parallel operation of the H-bridge CSI and H-bridge VSI. 
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