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Abstract— this project presents a single phase transformer less inverter topology for grid-connected photowoltaic (PV)
and wind energy systems which is capable of solving leakage current issues. In this further work, the ground leakage
current is controlled within the regulation limit by using LC filter. The proposed system can inject both active and
reactive power into the utility grid without current distortion and leakage current. The MPPT algorithm control strategy
is used in PV module to harvest the peak possible power from the module, even though they might be at divergent
irradiance levels and operating temperature. Wind power module is also controlled by MPPT algorithm in an effective
way.A detailed analysis is carried out on the hybrid system at desired conditional parameters such as irradiation,

temperature etc.

Index Terms—Converter,leakage current, PV array, tansformerlessinverter, wind turbine.

1. INTRODUCTION

In order to ensure the safety, leakage
currents must be the smaller the better in grid-
connected PV systems. Using the transformers can
make the galvanic connection between the grid and
the PV array eliminated. But the transformer is large,
heavy, and expensive. Thus, finding a way of high
efficiency, low price, light weight, small volume is
necessary. The transformer less inverter with low
leakage currents can solve the problem in grid-
connected PV systems, particularly in low-power
single-phase systems. So various transformer less
inverter topologies have been proposed to meet the
point of reducing leakage currents by experts around
the world.

The full bridge circuit high frequency
common-mode equivalent model, and pointed out the
way to eliminate leakage currents is the freewheeling
voltage is half of the input voltage. Based on the
conclusion, the leakage currents of the topologies can
be diminished in the following aspects: a) Creating a
freewheeling current path, b) Neutral point clamped.
In fact, the freewheeling currentdirections is reversed
in different half period of the utility grid. This paper
proposes a novel structure based on the idea which is
able to create a path can only flow the positive
freewheeling current in the positive half period figure
1, and flow the negative freewheeling current in the
negative half period respectively, so that it achieve
the point of the freewheeling currents directions
separation by the IGBTs and diodes.

This paper will first introduce the leakage
path for transformer less PV systems. Then the
comparative analysis on the proposed topology and
Heric topology is described. Finally, the simulation

results are presented to prove the well performance of
the proposed topology in leakage currents.
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Figure 1. Block diagram of proposed system

2. LEAKAGE CURRENTS IN TRANSFORM ERLESS
PV SYSTEMS

Ilustrations Fig. 2[16] shows the proposed
transformer less inverter topologies consisting of six
IGBT switches (S1-S6) and six diodes. It is a
resonant circuit where the PV is grounded. Leakage
current flows between the PV and the grid when the
transformer is removed from the PV inverter. The
behavior of leakage ground current is strongly
subjective to the converter topology and the PWM
strategy. It includes parasitic capacitance (CPE), each
connected between the positive (P) and negative (N)
of the PV to the ground, the filter inductance (Lc),
and the ground resistance (Rf) [16]. In three-phase
PV system, the common-mode (CM) and differential
mode (DM) voltages between each phase are similar
phase a and b, phase b and c, phase ¢ and a.
Therefore, the analysis of phase a and b is sufficient
to represent the remaining of the phases.

To the full-bridge inverter, without
transformer, a galvanic connection between the
ground of the grid and the PV array exists. Therefore,
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the leakage current is flowing through path including
L1, L2, Cpvi, Cpw2, Zgand Bridge. As shown in Fig.2,
The leakage current path is simplified to an LC
resonant circuit. The common-mode voltage (udm) in
the Fig.3 is defined as:
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Figure 2. Proposed full bridge transformerless inverter
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2
UAN is the voltage between point A and point N,
uBN is the voltage between point B and point N. The
inductors L1 and L2 can be with the equal value
easily. As a result, a conclusion can be given that
when the CM voltage keeps constant, the leakage
currents will be eliminated.

3. OPERATINGPRINCIPLE
In this section, a comprehensive survey of
state-of-the-art  asymmetrical  inductor  based
transformerless inverters (L1=0 or L2=0) is presented
and discussed. The reviewed topologies are classified
into the following sub-groups: half-bridge inverters,
dual-buck inverters, virtual DC bus inverters, line-
frequency unfolding topologies and Karschny
transformer less inverter.
A. Half-Bridge Transformerless Inverters
Assuming L2=0 and terminal N is directly
connected to terminal 2 in Fig. 1, the total high-
frequency common mode voltage is zero without
high frequency leakage current. Generally speaking,
the conventional two-level half-bridge inverter [in
Fig. 3 (a)] can eliminate the leakage current with
simplified configuration because only two power
switches and one inductor are required [50].
However, the DC-link voltage should be twice of the
grid peak voltage and the semiconductors should
sustain the high DC-link voltage stress. Moreover,
the bipolar inverter output voltage increases the filter
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size and cost.Fig 4[1], where G1, G2, G3, G4, G5,
and G6 represent the gate drive signals of the
switches S1, S2, S3, S4, S5, and S6, respectively.
The circuit diagram for negative half cycle operation

is depicted.
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¢) Three-leve]l ANPC mverter
Figure 4. Various types of bridge level converter

(d) Three-level T-Type mverter

In order to keep the major advantages of the
multi-level topologies and reduce the conduction
losses in the low voltage systems, the T-type
inverters can be adopted, which are also called as the
conergy neutral point clamped (conergy-NPC)
inverters or transistor-clamped (TCC) inverters [57]
[in Fig. 3 (d)]. A bidirectional switches are inserted
between the middle point of the half bridge inverters
and the split capacitors to achieve the similar
clamping function and three-level voltage generation
in the ANPC inverters. The switch voltage stress in
the T-type inverters is different. The two series
switches in the upper and lower parts of the inverters
should sustain the high DC-link voltage and the
active clamping switches, which are employed to
generate the zero voltage level, only suffer half of the
high DC-link voltage. A detailed analysis and
efficiency comparison among the two-level half-
bridge, three-level NPC and T-type inverters for the
low voltage applications is performed in [58]. It is
concluded that the NPC and T-type inverters have
higher conversion efficiency than the two-level half-
bridge inverters. And above a certain switching
frequency, the T-type topologies are superior to the
NPC circuits due to the modern semiconductor
properties.
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Figures 4. The operating principle of Transformerless
inverter (a) state 1 (b) state 2 (c) state 3 (d) state 6

4. HIGH FREQUENCY CM MODEL OF THE
PROPOSED TOPOLOGY FOR LEAKAGE
CURRENT ANALYSIS
The PV module generates an electrically chargeable
surface area which faces a grounded frame. In case of
such configuration, a capacitance is formed between
the PV module and the ground. Since this capacitance
occurs as an undesirable side effect, it is referred as
parasitic capacitance. Due to the loss of galvanic
separation between the PV module and the grid, a

CM

Resonant circuit can be created. An alternating CM
voltage that depends on the topology structure and
control scheme, can electrify the resonant circuit and
may lead to higher ground leakage current [6], [16],
[22]. In order to analyze the CM characteristics, an
equivalent circuit of the proposed topology as shown
in Fig. 5 can be drawn, where V1N,V2N,V3N and
VAN are the controlled voltage source connected to
the negative terminal N, LCM and CCM are the CM
inductor and capacitor,During the positive half-cycle,
the switches S4 and S6 are always off. As a result,
the controlled voltage sources V3N and V4N are zero
and can be removed. According to the definition of
common-mode and differential-mode voltage:
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In order to illustrate the CM model at switching
frequency, equation (4) and (5) could be replaced for
the bridge-leg in Fig. 6. The grid is a low frequency
(50-60 Hz) voltage source.

~lm

£ |e

I "

i
O

—
-

Zs fow
—

Figure 5. Equivalent CM model of the proposed

topology
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Figure 6.Simplified single loop CM model.

The DM capacitor Co can also be removed
since it has no effect on the leakage current.
Consequently, the simplified high frequency CM
model of the proposed topology for positive half-
cycle could be drawn as Fig. 5. Finally, the simplified
single loop CM model of the proposed topology for
positivehalf cycle is derived in Fig. 6.

Vpm L2—L1
View = Vo + -2L=2=L 6
tCM M 2 Lo+l (6)

Where,VtCMrepresent total CM voltage, and L1 =
L1A + L1g and L2 = L1B + L2g. In the proposed
inverter if L1A = L1B and L1g = L2g for a well-
designed circuit with symmetrically structured
magnetics, equation (6)

5. Control of the proposed topology

The control system for the proposed
topology is illustrated in Fig. 7, which contains an
orthogonal signal generator (OSG) unit to calculate
active and reactive power, two proportional integral
(P1) controllers, a grid current controller and a
SPWM generation block. Based on the OSG system,
the active power P and reactive power Q for the
proposed topology can be calculated by using the
following equation which is shown in Fig. 8.
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Figure 5.Equivalent CM model of the proposed
topology
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Figure 7. Control diagram of the proposed topology
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Figure 8. OSG based power calculation

In order to control the grid current, several
existing control methods such as conventional PI
controller, repetitive controller (RC), proportional
resonant (PR) controller, and deadbeat (DB)
controller can be adopted due to the capability of
tracking reference signal without steady state error
[27], [28]. Since the PR controller has better
performance of tracking the reference signal if
compared to the normal Pl and RC controller, it is
selected to control the output current of the proposed

topology.

5. SIMULATION RESULTS

The transformer less inverter was simulated
using MATLAB/SIMULINK tool. The PV cell and
wind module were designed and simulated with the
help of its equivalent circuit. Temperature and
irradiation were considered as the changing
parameters to change the output of the solar cell. The
PV cells of 24V were taken as input for the
transformer less inverter. The dc/dc boost converter
is used to boost up the obtained dc input voltage to
desirable value. The configured transformer less
inverter network does boost operation and reduces
the third level harmonic content. The inverter
converts dc single in to ac. The switching circuit
consists of six IGBTs and diodes which are taken
from Simulink library. A LC filter is used to connect
the inverter to the load side. The switching sequences
were provided according to the operation described
above. A 385V voltage and 20 A current waveform
was obtained as output for the gird. The output
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voltage from PV array is obtained b%/ keeping its
irradiance value constant at 1000W/m-.Fig 9 shows
the output wave of PV array with MPPT controller of
irradiance level 3W/m?. Output power and voltage
maintains at 28W and 20V respectively. Fig 10.1 &
10.2 shows the output waveform of wind output
voltage is maintained at 15V along with the MPPT
controller. Fig: 11 shows the boost converter output
is maintained at 40V for which the battery current is
0.4A. Fig: 11 shows the increase of battery voltage to
21.98V for current decreases gradually below zero
ampere.Transformerless inverter output voltage of
100V for which reduced leakage current of 21V is
obtained as Output of phase and line voltage of
inverter here the voltage value ik 230V,50Hz nominal
frequency . Input current and output voltage of the
transformer less inverter is measured and the
resultant waveform. From wind, the output power is
5W. Load receives 50kW supply. Thus the overall
three phase output voltage is 320V and output current
of 20A.

Figure 9.PV voltage with MPPT controller and PV
output

Figure 10.2. Output waveforms of battery and boost
converter
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Figure 10.1. Output waveforms of battery and boost
converter

Figure 11. Waveforms of Output power from PV,
Wind, Battery and Load

6. CONCLUSION

A transformer less inverter for grid connected
hybrid system was simulated using
MATLAB/SIMULINK  tool. This three-phase
transformer inverter was capable of obtain a
maximum possible power from solar and wind
module. Incremental conductance MPPT technique
was used. Therefore, the PV string can be of different
electrical parameters and working conditions.
Transformerless condition of the inverter helped the
system to convert maximum output power from the
hybrid systemto the gird by limiting pulsating power.
Leakage Current was reduced by placing LC filter
across the output of the inverter. LC filter also
reduced the harmonics produce at inverter output
voltage. Output power was subjected to active and
reactive power compensation. Three phase output
voltage of 320 V, 20 A was obtained. A 1kwW
prototype of PVand 7 W of wind was built and tested
through simulation. The control scheme of
transformer less inverter topology was described, and
its detailed analysis was provided. Several
experimental results were also shown to confirm the
validity of the proposed inverter.
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