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S5 decouples the PV from the grid during the freewheeling period, and
thus, common-mode voltage (CMV) is reduced. Furthermore, high
efficiency is

where V AN and V BN are the respective potential differences between
points A and B relative to the negative terminal of the PV array (point N in
Fig. 3).If the values of L 1 and L 2 are equal, the second part of (1) is
eliminated.. As noted from (), the leakage current depends on the changes
in the common mode voltage order to control the common mode voltage in
a?|

Transformer-less photovoltaic (PV) inverters are more widely adopted due
to high efficiency, low cost and light weight, etc. Many novel topologies
and their corresponding modulation methods have

For dc-decoupling inverters, additional dc bypass switches are added on
the dc side of the inverter to disconnect the PV arrays from the grid during
the freewheeling period, such as the H5 and H6 inverters [9, 10]. In a?|

The solar PV generation is increased by 22% (+150 GW) in 2019 This
CMLC can be reduced by decoupling the PV from the grid during the
freewheeling period. The decoupling is achieved by adding switches in DC
side or AC side H5 is patented by the PV inverter manufacturer, SMA
solar technology in 2005 .
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To achieve this aim, H5, Optimised H5, different family of H6 [14-16],
HERIC [17, 18] and HB-ZVRB have modified the FB inverter by adding
extra switches and decoupling the PV source from the grid in dc or ac side
during the freewheeling period.

During the high frequency operation of the inverter, each S1 S3 S2 S4 a p
n S5 udc b PV S7 S8 S9 CPV CPV Fig. 5. The freewheeling mode of the
proposed inverter. S1 S3 S2 S4 ap n S5 udc b PV S8 S9 S7 Fig. 6. The
expanded topology of the proposed inverter. TABLE [l COMMON MODE
BEHAVIOR OF PROPOSED THREE PHASE INVERTER Mode uan ubn
ucn ucm a?|

The freewheeling circuit is disconnected with PV side. The potential of
freewheeling circuit is clamped at constant by D 6. The working principles
of clamping circuit are shown in Fig. 3.115. In freewheeling stages, LC will
flow into DC side through S 5, D rect, and D 6 if its potential rises. Thus,
CMV is clamped at half of DC input voltage.

link concept were brought into PV inverters in literature [11], [12] and [13],
respectively. full bridge inverter in order to decouple PV array from the
grid during freewheeling period. And

Photovoltaic (PV) energy systems have found diverse applications in
fulfilling the increasing energy demand worldwide. Transformer-less PV
inverters convert the DC energy from PV systems to AC energy and a?|
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Based on the common-mode equivalent model of the full-bridge inverter
derived in, it is necessary that the potential of the freewheeling path is
clamped to half input voltage in the freewheeling period instead of
disconnecting the PV array from the grid simply. And depending on this
way, the high-frequency common-mode voltage can be completely
avoided in the unipolar a?|

Figure 1 shows the circuit in which converter 1 has two controlled switches
S 1 and S 3 with body diodes D 1 and D 3.These diodes are freewheeling
diodes connected anti-parallel to the switches to dissipate the residual
energy [] in the switch during the OFF state to avoid peak voltage
generation during switching.Similar to converter 1, converter 2 also a?|

An optimized full-bridge structure with two additional switches and a
capacitor divider is proposed in this paper, which guarantees that a
freewheeling path is clamped to half input voltage in the freEWheeling
period. Unipolar sinusoidal pulsewidth modulation (SPWM) full-bridge
inverter brings high-frequency common-mode voltage, which restricts its
application in a?|

3 CM current in transformer-less GCPVSs. In transformer-less GCPVSs, a
galvanic connection from the PV array to the ground exists. The PV stray
capacitance to the ground is a fragment of a resonant path comprising of
PV panel, dc and ac filter components and grid impedance [.The PV stray
capacitance to the ground usually has a value in between 1 a?|

Transformerless solar inverters have a higher efficiency than those with an
isolation link. However, they suffer from a leakage current issue. This
paper proposes a family of single phase six-switch transformerless
inverter topologies with an ac bypass circuit to solve the leakage current
problem. These circuits embed two unidirectional freewheeling current
units a?|
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the freewheeling period instead of disconnecting the PV array from the
grid simply, and by which, the high frequency common-mode voltage can
be completely avoided in the Unipolar SPWM full-bridge inverter. The
potential of the freewheeling path cannot be clamped in the freewheeling

period, and its level

e transformerless PV inverter proposed in [25] uses a cascaded 5-level
H-bridge (CHB), which can also be freewheeling is when the inverter
‘ output is short cir-cuited. Figure 3 shows one of the
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Abstract: Unipolar sinusoidal pulsewidth modulation (SPWM) full-bridge
inverter brings high-frequency common-mode voltage, which restricts its
application in transformerless photovoltaic grid-connected inverters. In
order to solve this problem, an optimized full-bridge structure with two
additional switches and a capacitor divider is proposed in this paper,

which guarantees that a a?|

In other words, the design of the PV inverter is not straightforward.
ol 4 Therefore, many research works have been introduced and published
NNV ) recently [5, 10-13] to incorporate MOSFETS in transformerless PV a?|

Transformerless photovoltaic grid-connected inverters have become more
and more popular in the field of distributed photovoltaic power generation
systems due to the advantages on high efficiency

A MEESR
ENERGY STORAGE SYSTEM

wwwwwwwww
nnnnnnnnn
aaaaaaaaaaaaaa

mmmmmmmmmmmmm

'“‘/

(C) 2026 PV Storage Systems 416 Web: https://twojaelektryka.com.pl



.o
t"a'-::.,;:.- SOLAR :ro.

PHOTOVOLTAIC INVERTER FREEWHEELING

A TR

(C) 2026 PV Storage Systems

PV grid-connected inverters, which transfer the energy generated by PV
panels into the grid, are the critical components in PV grid-connected
systems. In low-power grid-connected PV systems, the transformerless
inverter configuration is favoured because of its higher efficiency, smaller
size, lighter weight and lower cost than the isolated counterparts [ 2, a?|

Hence, PV system connected to the grid with transformer-less inverters
should strictly follow the safety standards such as IEEE 1547.1, VDE
0126-1-1, IEC61727, EN 50106 and AS/NZS5033 [3, 4].As per VDE
0126-1-1, leakage current more than 300 mA must initiate the break within
0.3 s [].Accordingly, many researchers have recommended methods to
nullify the a?|

freewheeling mode. As a result, leakage current is minimised to safe level.
The proposed topology is also capable to inject reactive power grid-tied
PV inverter of power rating below 3.68 kVA, should attain PF from 0.95
leading to 0.95 lagging [28]. When the inverter injects or absorbs reactive
power, a phase shift is occurred

In this study, a new transformerless grid-tied PV inverter topology is
proposed based on the conventional full-bridge inverter with two additional
power switches, which ensures the DC decoupling at the freewheeling
mode.

connected inverter, a lot of in-depth researches, where new freewheeling
paths are constructed to separate the PV array from the grid in the
freewheeling period, have been done [6], [8]a??[11]. A pair of switches
between the two midpoints of the bridge leg [ac side, shown in a?|
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The DC decoupling inverters have a DC decoupling circuit between the

A
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s DC-link terminals and the full-bridge module to provide a decoupled

freewheeling path. This type of inverters includes DC-based H5,

DC-based a?|
. full-bridge inverter brings high-frequency common-mode voltage, which
e restricts its application in transformerless photovoltaic grid-connected
T — . .
I v inverters. In order to solve this problem, an op a?|
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