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Abstract—This paper presents a novel neutral point clamped full-
bridge topology for transformerless photovoltaic grid-tied
inverters. Transformerless grid-connected inverters have been
used widely in recent years since they offer higher efficiency and
lower costs. Ground leakage current suppression is the main
issue which should be considered carefully in transformerless
photovoltaic grid-connected inverters. Among different methods
used to decline ground leakage current, neutral point clamped
(NPC) topologies are considered more useful and effective. In
NPC topologies, the short-circuited output voltage at the
freewheeling period is clamped to the middle of the DC bus
voltage. Therefore, the common-mode voltage (CM) will be
constant at the whole switching period. Various NPC topologies
such asH6 [1], HB-ZVR [2], oH5 [3], and PN-NPC [4] have been
proposed. In this paper, a novel NPC topology is proposed which
has lower power losses and higher efficiency over previous
topologies. Furthermore, the proposed NPC topology exhibits a
similar ground leakage current with the PN-NPC topology. The
proposed NPC topology is analyzed theor etically using simulation
studies and an experimental prototype is provided to verify
theoretical analysis and simulation studies.

Keywords-common-mode voltage (CMV); grid-connected
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l. INTRODUCTION

Due to the limit reservation of fossil fuels such as ail, codl,
gas, etc. tendency to exploiting of renewable energy resources
such as solar and wind energies have been growing rapidly
worldwide. With recent reduction in prices of photovoltaic
(PV) array modules and due to the excessive advancement of
power electronics devices and technologies, grid-connected PV
inverters have been playing an important role in distributed
generation systems. Most of PV grid-connected inverters are
designed with galvanic isolation using a bulky low frequency
transformer connected to the grid voltage. Nevertheless of not
flowing ground leakage current in a grid-tied inverter with the
gavanic isolation, however, the total price and space required
to the grid-connected inverter will be very high as well as its
efficiency will be very low. To overcome these drawbacks,
transformerless grid-tied inverters have been introduced.
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Among the different methods used to decline ground leakage
current, neutral point clamped (NPC) topol ogies are considered
more useful and effective. In NPC topologies, the short
circuited output voltage at the freewheeling period is clamped
to the middle of the DC bus voltage. Therefore, the common-
mode voltage (CM) will be constant at the whole switching
period. Various NPC topologies such as H6 [1], HB-ZVR [2],
oH5 [3], and PN-NPC [4] have been proposed. Various
topologies have been proposed for the reduction of ground
leakage current in transformerless grid-tied inverters [5-19]. In
this paper, a novel NPC topology is proposed which has lower
power losses and higher efficiency over previous topologies.
Furthermore, the proposed NPC topology exhibits similar
ground leakage current with the PN-NPC topology. The
proposed NPC topology is anayzed theoretically using
simulation studies and an experimental prototype is provided to
verify theoretical and simulation studies.

The main disadvantage of a transformerless grid-tied
inverter is that ground leakage current is produced because of
common- mode voltage variations in switching periods. The
common-mode and differential-mode in a transformerless grid-
tied inverter are defined asfollows[6]:

1
Veu ZE(VAN +Vau ) (1)
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Therefore, we have the following equations[6]:

1 3
Vi ZEVCM +Vou ( )

1 4
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Furthermore, using the Thevenin's theorem, the common-
mode (CM) voltage equivalent circuit which produces the
ground leakage current can be constructed, from which the total
CM voltageis calculated as follows [6]:
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Usudly, Ly = Lg, therefore, the following relation is
satisfied:

1
VtCM = VCM = 5 (\/AN +VBN ) = COI"ISt (6)

Leakage current standard according to VDE 0126-1-1 is
depicted in Tablel.

TABLEI. LEAKAGE CURRENT STANDARD ACCORDING TO VDE 0126-1-1
L eakage Current Value (mA) Disconnection Time (s)
30 0.3
60 0.15
100 0.04

II. NEUTRAL POINT CLAMPED FULL-BRIDGE TOPOLOGIES

In neutral point clamped (NPC) full-bridge topologies, the
short circuited output voltage at freewheeling period is clamped
to the middle of the DC bus voltage. Therefore, the common-
mode (CM) voltage will be constant in the whole switching
period. The H6 [1] topology consists of two switches and a
bidirectional branch with a capacitive divider and two diodes
which clamp the CM voltage to the half of input DC voltage. In
this topology, the leakage current suppression is only
dependent to the turn on speed of clamping diodes. A main
drawback of this topology is its higher conducting losses.
Since, the inductor current flows through four switches in
active mode. Another NPC full-bridge topology with AC
bypass is the HB-ZVR topology [2]. In this topology, the short
circuited output voltage at the freewheeling period is clamped
to the middle of the DC bus voltage using a diode rectifier and
a bidirectional switch. To prevent short circuiting of the lower
capacitor in the capacitive divider, a diode is added. Neutral
point clamping condition is provided by short circuiting of
inverter output in freewheeling period. The main drawback of
this topology is that clamping using a diode is done when the
freewheeling voltage is greater than the middle point of input
DC bus. Therefore, the variations of CM voltage in reverse
condition will happen. In case of the oH5 topology [3], the
main disadvantage of this topology is that the inductor current
flows through three switches in active mode; therefore, there
will be more conducting losses. The last NPC topology is the
PN-NPC topology [4]. In this topology, two switching cellsi.e.
positive neutral point clamped (P-NPC) cell and negative
neutral point clamped (N-NPC) are combined to make the PN-
NPC topology. The operation principle of PN-NPC topology is
similar to H6 topology. The CM voltage is kept constant at half
of the input DC voltage. The main drawback of thistopology is
the existence of high number of switches and higher conductive
losses since, in the worst condition the inductor current flows
through four switchesin the active mode.

I1l. PROPOSED NEUTRAL POINT CLAMPED FULL-BRIDGE
TOPOLOGY

A variant NPC full-bridge topology with its modulation
strategy is proposed in this paper. The proposed topology and
the control circuit for generating the drive signals are illustrated
in Figures 1 and 2. The main ideais clamping the short circuit
output voltage at the freewheeling period to the middle of the

DC input voltage. The control and modulation strategy for
triggering the power switches is as follows: during the positive
half cycle, the power switches Q1 and Q4 are turned on and
turned off with switching frequency (Q2, Q3 and Q5 are off).
When both Q1 and Q4 are turned off, the power switch Q6 is
turned on and vice versa i.e. while Q1 and Q4 are turned on,
Q6 isturned off (with the switching frequency).
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Fig. 2. Control and modulation circuit of proposed NPC topology
Therefore, in active mode (during positive haf cycle) the
current flows in the route Q1-L1-Vg-L2-Q4. During the
freewheeling period, the current flows in the route Q6-L1-Vg-
L2-D5. As a result, the CM voltage is clamped to the half of
the DC input voltage. Therefore the ground leakage current is
decreased significantly. During the negative haf cycle, the
power switches Q2 and Q3 are turned on and turned off with
switching frequency (Q1, Q4 and Q6 are off). When both Q2
and Q3 are turned off, the power switch Q5 is turned on and
vice versai.e. while Q2 and Q3 are turned on, Q5 is turned off
(with switching frequency). Therefore, in active mode (during
negative half cycle) the current flows in the route Q3-L2-Vg-
L1-Q2. During the freewheeling period, the current flowsin the
route Q5-L2-Vg-L1-D6. As a result, the CM voltage is
clamped to the half of input DC voltage. Therefore, the ground
leakage current is declined significantly. The anaysis of the
CM equivalent circuit for the proposed topology to obtain the
CM voltage which is defined in (6) as the sum of output
terminal voltagesto the NPC, the following relation is satisfied:
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—_AZ BZ (7)

The CM voltage related to the positive, negative and neutral
vectors can be portrayed as follows:

VaztVe; - Voct0 - Voc

Positive: V., = 5 > > (8)
. _VaztVez - Voc/24Vpe/2 Ve
Neutral:V,,= 5= 5 = O
, V,,+V,, O0+V_ . V
: ='Az" YBz="""DC="DC
Negative:V,, 5 > 5~ 10

As illustrated in equations (8) to (10), the CM voltage
remains constant in different switching conditions. Therefore, a
very small ground leakage current should be expected to flow
through PV stray capacitors.

IV. SIMULATION RESULTS

The proposed topology and control strategy were tested by
simulation analysis with the parameters illustrated in Table I1.
Load current, the voltage measured between the grid terminal
and ground (Leakage Voltage) and the leakage current are
shown in Figures 3-5 respectively. As shown, the load current
is very close to a sinusoidal waveform which leads to a low
dv/dt. It means that the leakage current will be low as depicted
in the Figure 5. Therefore, the maximum leakage current is
below 100 mA that comply with the standard DIN VDE 0126-
1-1laspointedin Tablel.

V. EXPERIMENTAL RESULTS

An experimental prototype of the proposed grid tied
inverter was made and its operation was tested as depicted in
Figure 6. The inverter output voltage and its ground leakage
current are shown in Figure 7. As illustrated in Figure 7, the
ground leakage peak current same as the simulation result is
below 100 mA that comply with the standard DIN VDE 0126-
1-1 mentioned in Tablel.

V1. CONCLUSION

A novel neutral point clamped full-bridge topology was
proposed for transformerless photovoltaic grid-tied inverters.
Transformerless grid-connected inverters have been using
widely nowadays since, they offer higher efficiency and lower
economic cost. Ground leakage current suppression is the
main issue that should be considered in transformerless
photovoltaic grid-connected inverters. Different methods have
been employed to reduce ground leakage current in grid tied
inverters. Neutral point clamped (NPC) topologies are
considered more useful and effective. In NPC topologies, the
short-circuited output voltage at the freewheeling period is
clamped to the middle of the DC bus voltage. Therefore, the
common-mode voltage (CM) will be constant at the whole
switching period resulting to a very small ground leakage
current. The proposed NPC topology exhibits a similar ground

leakage current with the PN-NPC topology. The proposed
NPC topology was tested using simulation studies and an
experimental prototype was also implemented to verify the
results.

TABLEII. SIMULATION CIRCUIT PARAMETERS
Circuit Parameters Values

Cy 10 uF

C, 10 uF

Ly 2.2 uH

L, 2.2 uH

Cs 4.7 pF

Ry 1 ohm

Cpy 1nF

fsw 50 kHz
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Fig. 6. Experlmental setup for the proposed grid tied inverter
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Fig. 7.

Inverter output voltage and its ground leakage current
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