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In a single-phase inverter system, parallel operation of inverters is a strategy
to increase capacity, improve reliability, and increase the flexibility of the
inverter system. This work discusses the basic operation of a novel parallel
H-bridge current source inverter (H-BCSI) and H-bridge voltage source
inverter (H-BVSI) operated in a grid-connected operation with isolated
direct current (DC) sources equipped with power transformers. Each inverter
circuit employed an independent current controller to regulate its alternating
current (AC) output current. The proposed inverter system was tested for
different operation conditions, and its characteristics were analyzed,
especially for its harmonic profile. The test results showed that if the
magnitude of the H-BCSI current was varied, while the H-BVSI current was
kept constant, the total harmonic distortion (THD) value of load current was
much lower than the THD values of H-BVSI current, H-BCSI current, and
grid current, i.e., THD lioad < 1%. This condition also occurred when the
output current of the H-BVSI was increased gradually while the output
current of H-BCSI was maintained constant. Moreover, a similar result was
also obtained when both inverters’ output currents were varied
simultaneously with the same value. The test results confirmed that the
injected AC current of both inverters during parallel grid-connected
operation worked well at unity power factor, and met the standards IEEE
1547 and IEC 61727, of which current THDs were < 5%. The proposed grid-
connected parallel inverter system worked, supplying a sinusoidal AC load
current with high power quality.
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1. INTRODUCTION

Currently, power electronics converters play a vital role in developing a higher efficiency of
renewable energy conversion systems, such as wind power, photovoltaics, and fuel cells [1]-[3]. Power
electronics converters become the key technology to realize a modern power grid. Connecting renewable
energy sources and distributed power generation into modern power grids has increased the demand for high-
performance power converters, such as inverter technologies. In grid-connected applications, inverters not
only transform direct current (DC) power to alternating current (AC) but also do a crucial duty in ensuring
power quality, system stability, and compliance with international standards such as IEC 61727 and IEEE
1547 [4]-[8]. Among various single-phase inverter topologies, H-BVSIs and H-BCSIs have gained
significant attention owing to their distinct operational characteristics and suitability for different

applications [9]-[12].
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Parallel operation of inverters is a strategy to enhance system scalability, increase power capacity,
improve reliability, and facilitate maintenance of the inverter system [13]-[15]. However, the interaction
between multiple inverters operating in parallel introduces challenges related to synchronization, load
sharing, and power quality, particularly in terms of harmonic distortion [16]-[19]. In conventional parallel
voltage source inverters, harmonics in parallel grid-tied inverters are a tricky problem. Multiple inverters
feeding the same point of common coupling (PCC) can interact in ways that worsen distortion instead of
reducing it [20]-[22]. In case of a parallel inverter with a single DC source, unwanted reactive circulating
currents flow between inverters instead of to the load, causing extra heating, possible overcurrent trips,
increased losses, and reduced efficiency [23]-[28].

In low and medium-power applications, single-phase inverters are widely employed, such as for
residential photovoltaic power generation as stand-alone or grid-connected operation [29], [30]. The H-bridge
current source inverter (CSI) offers several advantages when used for grid-connected inverter operation,
particularly in renewable energy systems (like photovoltaic systems). The CSI naturally outputs controlled
current, which aligns well with grid requirements, as grid codes often prioritize current control over voltage
control. It is easier to synchronize with the grid by injecting controlled current waveforms, making the grid
connection and operation smoother. Unlike voltage source inverters (VSIs), CSls inherently prevent high
inrush currents, enhancing protection during grid disturbances. Moreover, since the current is inherently
limited by the DC-side inductor, CSls are less prone to damage from grid faults (e.g., short circuits) [31]-[34].

Transformers are often employed in grid-connected inverter systems to provide galvanic isolation,
voltage level matching, and mitigation of circulating currents. A galvanic isolation transformer works to
enhance safety by preventing DC current flow into the AC grid, reducing shock hazards to maintenance
personnel, and preventing potential ground loop currents. When combined with appropriate control
strategies, transformers also enable effective decoupling and coordination of inverter operation, thereby
impacting the overall power quality at the point of common coupling (PCC). It also provides inherent
filtering due to transformer inductance and impedance [35]-[38].

Authors have investigated principal characteristics of single-phase CSI, and VS| operated in parallel
as presented in [39]. However, in the previous research, we have not examined the inverter system during
grid-connected operation. Based on the author's literature study, there is no literature that has discussed the
operation of dissimilar inverter topologies, especially parallel H-BVSI and H-BCSI in grid-connected
operation. The problems and operational characteristics of these inverter systems have not been studied well.
This paper presents a novel grid-connected parallel H-bridge VSI and H-bridge CSI system using
transformer-based interface and with isolated DC power sources. The study investigates the harmonic
performance, current sharing, and dynamic response of the inverter system under different operating
conditions. Computer simulation-based evaluations were conducted to highlight the advantages of the proposed
system and to assess its compliance with IEEE and IEC power quality standards of AC current THD.

2. PROPOSED INVERTER SYSTEM

Figure 1 presents a configuration of two photovoltaic systems connected to the AC power grid using
two different inverter circuits via power transformers. This configuration depicts a simplified parallel two-
inverter circuit in a grid-tied operation with photovoltaic systems as isolated DC power sources. In reality,
more different power inverter circuits can be operated in parallel to serve a common AC power load together
with an AC power utility. Figure 2 is a more detailed figure of the proposed inverter system. An H-BVSI and
an H-BCSI work in parallel as grid-connected inverters. The H-BCSI is connected to the AC grid using
power transformer 2 and filter capacitor Cs. While the H-BVSI employs transformer 1 and inductor filter L.
The H-BVSI circuits are composed of power switches Gi1, G2, Gs, and Ga. While the H-BCSI circuit is made
up of power switches Mi, M2, M3 and M, in series with diodes to perform unidirectional current. Two
different isolated DC power sources are employed for each inverter circuit, as Va1 and V2. As can be
observed in this figure, the H-BCSI was equipped with a DC current generation circuit composed of power
switch Qqc, diode Dr, and power inductor L [39]. In this configuration, the AC power load was supplied by
H-BCSI, H-BVSI, and the AC power grid connected at the AC bus.

In order to adjust the power and AC current supplied by two inverter circuits, each inverter was
equipped with independent current control circuits. Figure 3 shows the current control and modulation method
of the H-BVSI. An AC current sensor S; was employed to measure the AC output current of the inverter
circuits. The sensor’s output signal will be the feedback of the current controller to generate an error signal
compared to the current command ler. The error signal will be processed by the PI current controller. The
output signal of the PI regulator was modulated by two triangular signal carriers in two different circuits of
comparators 1 and 2. The AC grid voltage feedback signal obtained by sensing the grid voltage (Vgig) with
scaling factor a will give synchronization between the injected current by inverters and the power grid voltage.
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Moreover, Figure 4 shows the current controller of DC current flowing through the input inductor L
of the H-bridge CSI. A PI current controller was also applied in this circuit. However, in this controller, the
triangular carrier signal was not implemented. The negative input terminal of the comparator was grounded.
Hence, it will make the controller simpler. The output control signal will regulate the operation of switch Q.
to control the magnitude of DC input current I.. The modulation strategy of H-BCSI is shown in Figure 5. It
employed two triangular signals to modulate the sinusoidal reference signal to generate a PWM gating signal
from the comparator circuits. The sinusoidal reference signal was generated by sensing the grid voltage that
will synchronize both inverters and the AC power grid.
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3. TEST RESULTS AND DISCUSSION
In order to investigate the basic characteristics of the proposed grid-connected parallel inverter
system, some computer simulation experiments were conducted. Table 1 lists parameters of the tested H-BVSI
circuits. The voltage of DC power was set at 24 V. Power MOSFET switches were operated at 21 kHz as the
switching frequency to minimize harmonic distortion, and enable a small size of output filter. The fundamental
frequency of AC was 50 Hz. The H-bridge VSI inverter was connected to a power transformer 1 via an
inductor filter 1 mH. The winding ratio of the transformer was 1:14 to meet the power grid voltage level.
Moreover, Table 2 presents the circuit parameters of the H-BCSI. In this circuit, the DC current
source of the inverter circuit was generated by connecting a DC voltage of 24 V to the DC current generation
circuit with an inductor of 1 mH. The switching and the main fundamental frequency of inverter operation
were 21 kHz and 50 Hz, respectively. The switching speed was the same as that of the H-BVSI. To
synchronize the H-BVSI and H-BCSI, the sinusoidal modulating signal was set to the same. The ratio of
transformer 2 was also the same as 1: 14. These two inverters were connected to the AC power grid 220 V 50
Hz, worked together supplying power to a resistor R = 100 Q, and an inductor L =5 mH connected in series.
Figure 6 shows the measured waveforms of load current (liad), H-BVSI current (lvsi), H-BCSI
current (lesi), and grid current (lgig) during parallel grid-connected operation. Both inverters injected sinusoidal
currents to the power grid with small distortion and power factor operation at 1. The THD levels of these
currents were 0.0094%, 0.34%, 1.64%, and 2.07% for licad, lusi, lesi, and lgrig, respectively. Figure 7 presents the
low-order harmonics profile of the load current waveform. All harmonic orders were less than 0.001% of 50 Hz
fundamental component. The low harmonics spectrum of the H-BCSI, H-BVSI, and grid currents is described
in Figures 8-10, respectively. Small magnitudes of low order harmonics components were confirmed.
Moreover, the voltage waveforms of grid voltage (Vgrid), primary voltage of CSI (Vyesi), and primary voltage
of VSI (Vi) are shown in Figure 11. Low-distortion sinusoidal voltage waveforms were validated.
Furthermore, Figure 12 presents the transient waveforms of DC inductor current (I ci), secondary
current (lesi), and primary current (lesi p) waveforms of H-bridge CSI, and grid current (lgig) during output
current change of H-bridge CSI. Stable DC input current and AC output current of the inverter were achieved
by using the applied PI current controller. Test results during a short circuit fault at the power grid were
presented in Figure 13. As can be observed, the AC current supplied by both inverters was limited by the
current controller command. However, the inverter current did not flow into the power load. The current
flowed into the short-circuit point.

Table 1. Test parameters of H-BVSI Table 2. Test parameters of H-BCSI
Parameters Value Parameters Value
Input voltage 24V DC input voltage 24V
Switching frequency 21 kHz Input inductor 1 mH
Main output frequency 50 Hz Switching frequency 21 kHz
Transformer ratio 1:14 Main output frequency 50 Hz
Inductor filter 1mH Transformer ratio 1:14
AC power grid 220 V, 50 Hz Capacitor filter 10 pF
Load R=100Q,L=5 AC power grid 220V, 50 Hz
mH Power load R=100Q, =5 mH
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Figure 6. Load current (licad), H-BVSI current (lvsi), H-BCSI current (lcsi), and grid current (lgig) waveforms
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Figure 9. Harmonic analysis result of H-BVSI current (lvsi)
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Figure 12. Transient waveforms of DC inductor current (ILcs), secondary current (lsi), and primary current
(lesi_p) of H-bridge CSI, and grid current (lgiq) waveforms

Figure 14 shows the THD characteristics of lvsi, lcsi, lioad, and lgrig When the magnitude of H-BCSI
current (lesi) was varied while the H-BVSI current (lvsi) was kept constant. The THD value of load current
(lioad) did not improve, even the distortion of lvsi and Igrig increased. A small distortion of the load current can
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be obtained by the proposed parallel operation. This condition was also confirmed when the magnitude of H-
bridge VSI current (lvsi) was changed while the H-BCSI current (lcsi) was kept constant, as shown in Figure
15. Figure 16 shows THD characteristics of lsi, lcsi, lioad, and lgrig if the magnitude of H-BVSI current (lsi)
and H-BCSI current (lesi) were increased simultaneously by the same value. The test results of these different
conditions have confirmed that a low distortion of the load current waveform was obtained in the proposed

parallel grid-connected inverter system. The THD values of the load current, H-BVSI current, and H-BCSI
current were <5%.
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Figure 13. Current and voltage waveforms of lioag, lvsi, lcsi, ahd Vgrig during short circuit fault
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Figure 17 presents the efficiency profile of the inverter system. Figure 17(a) is the efficiency chart
of the H-BVSI. The maximum efficiency was achieved at 98.51%. Figure 17(b) is the efficiency
characteristic of H-BCSI with a maximum efficiency 83.4%. The efficiency of H-BCSI was lower than that
of H-BVSI. It was caused by additional power losses in the diodes, inductor, and DC generator circuits of the
H-BCSI.
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Figure 17. Efficiency profile of inverter circuit: (a) efficiency of H-BVSI and (b) efficiency of H-BCSI
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4. CONCLUSION

A novel operation of H-BVSI and H-BCSI connected to the AC power grid in parallel, and its basic
characteristics have been presented and discussed in this paper. The inverters were linked to the AC power
grid via a power transformer to meet the voltage level and to attain galvanic isolation between the power
inverter and the AC grid. By varying the output current of the two inverters, it has been confirmed that the
distortion of load current was much lower than the THD values of the inverters’ output currents and grid
current. This is a new feature of the proposed parallel inverter system. Furthermore, the inverter system
worked well, injecting sinusoidal AC currents to the power grid with high power factor operation and THD
value < 5%. The applied current controller worked well, keeping stable DC input current and AC output
current of the inverter with low ripples.
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