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Abstraci: In the last two decades there is significant growth in
solar power due to the developments in photoveltaic (FY) and
power  semi conductor  lechnologies. Traditionally  a
photovoltaic system consists of either a line frequency
transformer on ac side or a high frequency transformer on de
side to provide galvanic isolation between PV panels and grid.
By removing transformer from PV system, the size of the
systemi can be reduced significantly and efficiency can be
improved. However, with the presence of parasitic capacitance
between PY amnd ground, a variable common mode voltage
appears in the system. This results in increase of leakage
current and distortion in grid current. This paper presents a
study on various inverter topologies that are wsed in
harvesting the salar power, Further, a simulation study is
carried out on a single phase H4 topology to assess the
performance using  bipolar and uwnipelar pulse  widih
modulation (PWM)  technigues. The simulation study s
carvied out in MATLAB SIMULINK and resulis are
presented.

Key words: Transformerless Inverter, parasitic capacitance,
Variable commwon mode voltage, leakage current, Bipolar
PWM and Linipolar PWM.

L. INTRODUCTION

Renewable energy, especially solar energy  became
popular in the last two decades due to shortage of fossil
fuels and environmental concerns. On the other hand, it is
also due to significant advances in photo voltaic conversion
technology and reduction in cost-per-watt on a large scale
production.  Solar power has grown consistently by 20 to
25% per annum over the last two decades. Various types of
power electronic topologies are developed in literature o
pump solar power into the grid [2].

Grid connected PV inverters are mainly classified into
four types: (1) Central Inverter (ii) String Inverter (iii)
Module integrated Inverter or Micro Inverter (ivd Multi
String Inerter [2].

Central Inverter: Central inverter is used for large power
plants [3]. PV modules are arranged in parallel stings
and connected to a central inverter shown in Fig.1. Initially,
line commutated thyristor based inverters were used in the
wpology, However, TGBT devices replaced thyristors
gradually due to high efficiency and low cost [5], This
topology has following dis advantages :

* High voltage DC cables are needed between PV pancls

and inverter

* Power loss increases due to common MPPT
Power loss due to module mismatch
# Losses in string diodes
Less reliability due to single inverter
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Figure 1, Central Inverter

String Inverter: String inverters are developed in 1995,
The PV panels are connected in series to form arrays. Each
array is connected o a separate inverter as shown in Fig. 2,
If the string voltage is safficiently high, there s no
necessity to boost the voltage, Otherwise, a DC-DC
converter or a4 ling frequency transformer is reguired o
hoost the output voltage, This additional component
decreases the efficiency.

Module Integrated Inverter: In this topology, each
PVmodule connected to a separate inverter which is
connectedio the grid as shown in Fig.3 [2]. This kind of
connectionensures maximum power from PV modules due
o individual Maximum Power Point Tracking.
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Figure 2. Siring Inverter

Due 1o its modular structure further expansion of the planmt
i5 easier [2]. The topology has drawbacks (i) Reduction in
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overall efficiency dee to higher voltage amplification (i}
Higher capital cost.
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Figure 3. Module integruted inverter

Multi String Inverter: This inverter is developed in 20035,
It combings the advantages of string inverters and module
nverters, Each String 15 made of several solar panels 1s
coupled to its own DC-DC converter with individual MPPT
and feed energy to common de to ac inverter shown in Fig.
4 |2]. The advantages of the topology are low cost,
flexibility and high energy [14].
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Figure 4. Mulis Stang Inverter
IL GRID CONNECTED INVERTERS

The DC wvoltage generated from PV panels has to be
converted into AC voltage of required magnitude and
frequency. A typical PV system consiss of PV panels, DC-
DC converter, DC-AC converter and a line frequency
transformer on AC side or high frequency transformer on
D side, A PV topology using transformer on DC side 1s
shown in Fig. 5 and PV topology using a transformer on ac
side is shown in Fig. 6.

In high power applications, the PV systems are including a
transformer to provide galvanic isolation between PV
panels and the grid. This helps in reducing the common
mode leakage currents and also provides safety [14].

G
R
w }[ Filer @I'}
PANEL o L

Translrmer Damecrio

Figure 5. PV inverier topology weing high frequency transformer on de
side of the converter.
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Figure 6. PY inverter wopology using low frequency transformer on ac
outpad side of the mverter

In low power domestic applications, transformer
occupies large space and also reduces the efficiency of the
PV systemn, By removing the transformer, the size of the PV
system can be reduced and the efficiency can be improved.
A PV transformerless topology is shown in Fig, 7.
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Figure 7. PV inverter topology withour using Transformer
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Since there is no transformer, the issues like
galvanic isolation and variable commeon mode voltage are
arisen. A variable common mode voltage results in leakage
current that flows through parasitic capacitances from PV
panels o the ground. This resulis in the increase of svstem
losses, reduction in quality of the grid current [2].

11 Low POWER GRID CONNECTED INVERTER
TOPOLOGIES

In low power applications, the PV system consists
of PY panels, DC-DC converter and DC-AC inverter. In
single phase applications, a full bridge inverter (H4
topology) shown in Fig. 8. can be used. The power semi
conductor  devices, IGBTs (Insulated Gate Bipolar
Transistor) can he controlled using  following  two
modulation technigues: (i) Bipolar PWM (i) Unipolar
PWM.
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Figure 8, Full Bridge H4 Inverter Topology

Al Bipolar PWM Technigue

In this technique, gate signals are generated by comparing a

reference sinusoidal signal V..

with a high frequency
iriangular  waveform, V

AFEE
WhenV ... =V, ... the switches T1 and T4 are on and

T2 T3 are off. When V. <V_ . T2 T3 are on and

TI1, T4 are off. When T1, T4 are on the output voltage,
v,=+V¥,. When T2, T3 are on the ouipui voltage, v,=-Vy.
The output voltage oscillates between +Vy. and -V, This
results in more ripple in the owtput current which leads o
more power loss.

as shown in Fig. 9.
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Figure 9. Bipolar Pulse Widith Modulation

A Unipolar FWM Technigue

In this technigue, the two legs of the inverter are
controlled separately by using two reference sinusoidal

signals, V. V., which are in phase opposition as
shown in Fig. 10. When V__ >V . Tl is on and T2
is off. When V <V Tl is oft and T2 is on.
When V =V T3 is on and T4 is off When

conarrat] varsier
et 2 carrier

V. vtz < Vier T3 off and T4 on. When T1,T4 are on

=+ Vo, when T2, T3 are on v,=-V;. When T1, T3/ T2, T4
are on v,={ The output voltage oscillates between +V,
and -V, As there are three levels in the output voltage, the
ripple in the load corrent is less and efficiency is more
compared to bipolar PWM technigue, However, this results
in variaghle common mode voltage. To overcome this
various opologies are presented in literature.
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Figure [0, Unipolar Pulse Width modulation
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C) HS Topalogy

This topology is obtained by adding an extra switch T3
te the H4 topology. HS inverter topalogy is modified form
of H4 full bridge inverter by adding an extra switch TS as
shown in Fig.11. [9]. Switches T1, T3 are operated at grid
frequency and switches T2, T4 are operated at switching
frequency [10].

During positive half cyvele T3, T4 are switched
simultancously at hogh frequency and T4 continuously 1s
on. During freewheeling period T3 is off and the Current
flows through T1 and anti parallel diode off .

e

rahEl =,
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&

Om the other hand, during, during negative hall eycle
T2, T5 are triggered at high frequency simultaneously
where as T3 triggered continuously, Carrent flows through
T3, T3 and T2. During negative zero voltage vector T3 is

Figure 11. H5 Inverter Topology
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turned off and current freewheels through T3 and anti
parallel diode of T1 [7].

This topology has following disadvantages: (1) High
conduction losses, as three switches are on simultaneously.
(i) Reactive power comtrol is not possible using HS5
topology,

D) H6 Topology

Thiz topology is obtained by adding two additional
switches T3, T6 and diodes D3 | D6 as shown in Fig. 12,
Dunng positive half cycle, T1, T4 are on continuowsly, T3,
Tt commutated simultancously at high frequency where as
T2, T3 commutate together in complement to TS T6 pair,
Hence current flows through TS5, T1, T4 and T6, during
positive zero voltage vectors. H6 inverter topology provides
a three leveled output |7]. H6 wopology provides constant
common mode voltage thus generates very small leakage
current. Hence high efficiency can be obained,
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Figure 12. H6 Inverter Topology
El Heric Topalogy

Highly Efficient Rehable Inverter (HERIC) is obtained
from H4 topology by adding additional switches as shown
in Fig. 13. This one of the most popular transformerless
inverter topology [6]. When upper switch T1 or T3 is on,
voltage cutput will be +V;. . when T2 or T4 is on results an
autput of zero. During positive half wave, T6 is turned on
and is used in freewheeling period of TL T4, During zero
voltage wvector, T1, T4 or T2, T3 are in off state. PV is
disconnected from grid by short circuiting the ac side of the
mverter 50 that this topology 15 predominantly  ac
decoupling topalogy [13].
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Figure 13, HERIC Inverter Topology
IV. SIMULATION RESULTS
The H4 topology shown in Fig.3 is simuolated with
bipolar and Unipolar PWM  technigues in MATLAB

SIMULINE., The simulation parameters are given in Table
1.

Table I:
Simulation Parameters

DC Voltage S00W
Modulation index 0.8
Fundamental frequency SHx
Carrier frequency 2.4kHz
Load resistance 1042
Load inductance 10 mH

The simulation results using bipolar PWM technigques are
shown in Figs. 14-16.

Fig. 14. shows output voliage. From the fgure, it can be
seen that the output voltage oscillates between +500W and -
500%as discussed section [11. The FFT of output voltage 1s
shown in Fig.15, From the figure , it can be seen that the
output voltaze has a fundamental component of 401V (V.
» modulation index). Moreover, it can be seen that the
harmonics appear around multiples of switching frequency,
2.4 kHz. The output current iz shown in Fig.16. From the
current waveform it can be seen that there is significant
ripple in the load current.

The simulation results using Unipolar WM are shown
in Figs, 17-19. The output voltage has three voltage levels,
#500, 0 and -500% as shown in Fig.17. From the FFT
result, Fig. it can be seen that the output voltage has a
fundamental component of 40,3V . Further it can be seen
that the harmonics appear at douwble the switching
frequency in Fig. 18, From the current waveform shown in
Fig.19. , it can be observed that the ripple is very less
compared (o that of bipolar PWM. On the other
hand, during negative half cycle T2, TS are friggered at
high frequency simultancously where as T3 triggered
continuously.
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Figure 14: Cutput Voltage of H4 Full Bndge using Bipolar PWM of
inverier topology.
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Figure 15, FFT analysis of Cutpul volage using bipolar P
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Figure 17; Outpit Voltage of H4 Full Bridge using unipolar PWM of
inverter topodogy.
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Figure |8, FFT analysis of Outjrar vollage using unipolar WM

Tt is evident that, from the Fig.16 and Fig.17. the ripple
using hipolar PWM is more when compared o the ripple
wsimg unipolar PWM, Thus Umpolar PWM considered as
efficient in terms of ripple component and efficiency,
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Figure 19, Output Current of H4 bridge inverter using Unipolar PWM

¥. CONCLUSIONS

The solar power gained significant momentum in the last
two decades due to advances in PV panel and power semi
comdductor  technologies, This  paper  studies  variouos
topologies used in photovoltaic systems, The work aims at
transformerless  topologies for low  power  domestic
apphicatons, Varions popular topologies are discussed in
detail. The H4 topology is simulated using bipelar and
Unipotar PWM techniques. From the simulation results it is
concluded that Unipolar PWM technique results in (i} Less
ripple in the load current. (i} Better Total harmonic
distortion compared to bipolar PWM technigue.
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