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ABSTRACT

The Rise in power demand with growing population across the world has led to the development of
renewable energy sources. Among all the renewable energy sources PV power generation system proves to
be more superior and efficient than other renewable sources. Recent innovations in transformer less inverters
have proven to be efficient and reliable than conventional ones. Here the proposed transformer less inverter
for grid connected PV system has the capability of reducing the leakage currents. It also provides the required
reactive power to the system to maintain constant CM voltage. To provide high quality current injection in to
the grid, PR controller and fuzzy controller are used. In this study the detailed analysis of the operating
modes of the proposed PV transformer less inverter system, analysis of the leakage currents and results in
MATLAB simulation are presented.

Keywords: Common mode (CM), parasitic capacitance, reactive power, Fuzzy logic controller, Transformer
less inverter.
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increase in power electronic devices and incentive
I. INTRODUCTION beneficiary from the government, PV module price
decreases, and so grid-connected PV systems plays
an important role in distributed power generation.
Mostly galvanic isolatedtransformers are used in
grid connected PV system for safety purpose.
Galvanic isolationprevents DC current injection
into the grid and the leakage currents between grid
and PV module are reduced. By wusing high

With the rapid growth in population the demand
for electrical power has been increasing and there
has been a limitation on wusage of natural
resources. In order to meet the electrical power
demand there has been great interest towards
renewable energy sources. Among all the
renewable sources solar power is considered to be
the better in order to meet the demand since it is
pollution free and inexhaustible. With the rapid

frequency transformers on the DC side and low
frequency on inverter side the overall efficiency of

A
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the system is reduced. In order to overcome this
problemtransformer less grid tied PV system is
employed.

By removal of galvanic isolated transformer, the
leakage currents between grid and PV module are
increases, the parasitic capacitance effect occurs
and it leads to common mode voltage fluctuation at
grid side. This common mode voltage fluctuation
depends on the switching scheme and topology
structure hence which leads to capacitive leakage
currents. These leakage currents increases the grid
harmonic currents and system losses. Grid-tied
transformer less PV inverter has the ability to inject
reactive power into the wutility grid. In recent
international regulations certain rules have been
imposed regarding minimum reactive power
handling by grid-tied PV inverter system.
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Fig. 1: The single phase H-bridge inverter

Previously transformer less H-Bridge inverter is
utilized for PV System. The basic simple H-Bridge
PV transformer less inverter is shown in
figurel.The main advantage of this topology is
ability to generate reactive to the grid. The main
disadvantage of this system is the bipolar pulse
width modulation to avoid common mode voltage
and high switching losses in IGBTs.

High Efficient Reliable Inverter Circuit (HERIC)
topology has been utilized to overcome these
problems. High Efficient Reliable Inverter Circuit
(HERIC) topology is shown in figure 2. For better
reduction of core and switching losses, the
proposed topology is implemented with unipolar.
When HERIC topology operated under Reactive
Power Generation, the MOSFET switches causes
the reverse recovery voltage issues.

[ sKE KRS s
L

Fig. 2: The HERIC inverter with paralleled auxiliary
freewheeling switches

Another H5 transformerless topology show in
figure 3 which is make from figl by adding an extra
switch at the at DC side of the full bridge inverter.
For example when this system preform with input
voltage 345V dc and switching frequency 16-kHz
then system efficiency has 98%. However, this
topology has high conduction losses due to the fact
that the current must conduct through three
switches in series during the active phase. Another
disadvantage of the HS5 is that the line frequency
switches S1 and S2 cannot utilize MOSFET
devices because of the MOSFET body diode’s
slow reverse recovery.

Fig .3: The H6 inverter topology

Another transformerless topology implemented
with MOSFET switches as shown in figure 4 is the
dual The dual- paralleled buck inverter eliminates
the problem of high conduction losses in the H4
and HSinverter topologies because there are only
two active switches in series with the current
path during positive cycle. This adjustment to
improve the system reliability comes at the cost of
highzero-crossing distortion for the output grid
current. the main disadvantage of this system are
all the mosfet diodes bodies are operated when the
phase difference occurred between grid voltage
and grid current .therefor the reliability of the
system will be decreased.
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Fig .4: The symmetrical H6 inverter topology

When we are able to developed a transformerless
inverter two major issues are considered.one of the
a high efficiency and reliability
transformerless PV inverter is that in order to
achieve high efficiency over a wide load range it
is necessary to utilize MOSFETs for all switching
devices. Another issue is that the inverter should

issue for
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not have any shoot-through issues for higher
reliability. In order to address these two key issues,
a new inverter topology is proposed for
single-phase transformerless PV grid- connected
systems.

The another important function for grid
connected photovoltaic systems are generation real
power and compensation of reactive power.in this
paper implemented with two current controllers
are Fuzzy controller and PR controller. These
current controllers are effectively generate grid
current and also maintain power flows between the
grid and system. The PR controller can maintain
the grid current in phase with the grid voltage by
the inverter, so unity power factor can achieved.
The PR+HC controller are minimize lower order odd
harmonics components present in inverter output
current, and also these are gives high gain at
resonant frequency. Therefore the system study
state error reduce to zero. Due this THD value of
the system has been decreased. Therefore these
controllers can reducing harmonic currents
rejection and steady state errors as compared to
the PI controllers.

This paper presents a new future topology
in transformerless inverter for grid connected PV
system is developed.in section II, structure of the
circuit and operating principle of proposed
topology is presented. Next in section III, common
mode characteristics of the system presented.
Later in section IV, control methods of the system
are presented. In section V, presents the
simulation results of the proposed topology with
real and reactive power using fuzzy controller and
PR controller. after that theoretical analysis is
initially verified in MATLAB Simulink software
environment and results are presented in section V

II. PROPOSED TOPOLOGY ANDOPERATING
PRINCIPLE

A.Circuit configurations

The proposed transformerless inverter topology
shows in Figure 5 and its consists of 6 MOSFET
switches(S1-S6) along with 6 Diodes(D1-D6). The
coupled inductors Lia, Loa, Lis, Lo, Lig Loform the
LCL type filter adopted to the grid. V,, and Cy,,
signifies the input dc voltage and dc link capacitor.
In proposed topology the MOSFETs body-diodes
contains of low reverse- recovery problems when
injecting the reactive power into the grid.in order to
reduce issues present topology developed with high
reliability and efficiency. The proposed topology

can also consists of unipolar-SPWM with three
level outputvoltage.

P . .
S‘Jﬂ mzs*“‘Jﬁ D4%

4

VPVE ==Cac L3 [:;J'- DL \‘ﬁJ'-
DI 53_] D3 56]%1
N

(a)

P
st} nzzss‘dﬁ D4% L1 Lue

£
R
vV
\"vaﬂ =Clac D6E SSJh_l\__@ Co V2
L2

DIR

(b)
Fig.5: (a) Proposed topology
(b) Circuit with coupled inductor.

B. Operating principle of proposed topology.
The switching pattern of the proposed topology
as shown in fig.6 where the switches
S1,52,53,54,S5,S6 signifies main switches and
their operating Gate signals are
G1,G2,G3,G4,G5,G6 respectively. The principle of
operationof the proposed topology is classified in to
four regions as shown in Fig5. The proportional
operation of the positive and negative half cycle of
the grid current are same, therefore here positive
half cycle has discussed .however the negative half
cycle operation is shown in Fig.7.
Region I: In this region, both the grid voltage and
grid current are positive. During the period within
this region S2 is always on, while S1 & S3
synchronously and S5 complementary commutate
with switching frequency. There are always two
states that generate the output voltage of + Vpy and
0.
State 1(to:ti): At t = to, the switches S3& S; are
switched on and the current through inductor rises
through grid as shown in Fig.7 (a). In this state, the
voltages Vin and Van can be defined as: Vin = + Vpy
and Van = 0, thus the output voltage of inverter Vi
= (Vin -Van) = + Vpy.
State 2(ti:t2): When the switches S1 and S3 are
turned-off, the current through inductor
freewheels through D5 and S2 .In this state,Vin
falls and Von rises until their values are equal.
Therefore, the voltages Vin and Van becomes: Vin=
Vev /2 and Von = Vpy /2 and the inverter output
voltage Vip = 0
Region II: In this region, the inverter output

voltage is negative, but the current remains
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positive. During the period of this region, Ss is
always on, while S¢ & S4 synchronously and S;
complementary commutate with switching
frequency. There are also two states that give the
output voltage of — Vpy and 0.The negative half cycle
operated in two states that produce the output
voltage of — Vpy and O.

State 3(ts:ts):In this state, the switches Se¢ and Si
are turned-on and the filter inductors are
demagnetized. Since the inverter output voltage is
negative and the current remains positive;
therefore, the inductor current is forced to
freewheel through the D; and D, diodes and
decreases rapidly for enduring the reverse voltage
as shown in Fig. 7(c). The voltages Vin and Vancan
be defined as: Vin= 0 and Vony = + Vpy, thus the

inverter output voltage Viz = (Vin— Von) = — Vpy
Ve I 11 11 v
~ 5 —
VA Ci
i v
R TalalaTal 1
G4,Gé 1300001
G NOOMTT T 10
G2 N0 non
0 t1t2 131415 t6 t718 9 totu

Fig.6: Switching pattern of this proposed topology
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Fig.7: The operating principle of the proposed
topology: (a) state 1 (b) state 2 (c) state 3 (d) state 4

State 4(ts:ts):At t = t4, the switches Se and S4 are
switched off and S, is turned-on. Therefore, the
current allows through Ds and S, like as state 2
(Fig. 7(b) can be referred as equivalent circuit) in
inductor. This state is called as energy storage
mode.

The voltages Vinand Vancould be: Vin= Vpy /2 and
Van= Vpv /2, and thus the inverter output voltage,
V12 = 0.

According to the principle of operation of this
topology presented, the total CM voltages can be
calculated for each state of positive half cycle
operation as follows:

State 1:Vicew = 5 (Vin +Van) = 3 (Vpy + 0)
1
-y, 7)
1 1,1 1
State 2 :Viem = N (Vln +V2n) - 3 (Eva + Eva)
1
V()
State 3:Vicw = 7 (Vin +Van) = 5 (0 +Vpy)
1
v, )
1 1,1 1
State 4:Vicm = - (Vln +V2n) = 7 (Evpv + Eva)
1
~Vn(10)

It is clear from equations (7)-(10) that the
total CM voltage for this topology is kept same at
Vp/2 during positive half cycle operation.
Likewise, the total CM voltage for the negative half
cycle operation can be calculated and found to be
constant at V/2 due to the symmetry of operation
for the negative and positive half cycle of grid
current. The only variation is the activation of
different power devices. Hence, it can be
summarized that the total CM voltage during the
entire grid cycle is kept same, decreasing ground
leakage current.

III.CONTROLLER DESIGN FOR SINGLE PHASE
GRID TIED TRANSFORMERLESS INVERTER
The controlling structure of the proposed topology
has shown in figure 8, this contains orthogonal
signal generator (OSG) system for calculations of
active and reactive power of the system, Two fuzzy
logic controller for grid current controlling, and

SPWM generation block

In single phase grid connected transformerless
inverter, two controllers are developed. One is the
Fuzzy Logic controller (FLC) and PR Current
controller. The current controller takes care of the
quality of current injected into the grid and the
power interchange between the system and
grid.lg;areference which is in phase with the grid
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voltage controls the real power of the system and
the orthogonal component Igf reference controls
the reactive power exchange of the system with the
grid. Hence a decoupled control of reactive and real
power can be achieved.
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Fig.8: Block diagram of control of proposed system
with Fuzzy Logic controller

A. Fuzzy Logic controller

The traditional PI controller requires rigorous
linear mathematical models, which are not easy to
acquire and cannot give satisfactory results under
parameter variations, load disturbances, etc. In
these latest years, the number and variety of uses
of fuzzy logic have increased significantly. Fuzzy
logic is a superset of Boolean logic which has been
prolonged to manage the idea of partial truth- truth
values between "totally false" and "totally true".
These control strategies come from trails and
practices rather than form mathematical models
and linguistic implementations are much faster
accomplished. These control schemes entail more
number of inputs, most of which are common only
for some special conditions.

Inference
Mechanism

Error (E)

Change of
Error (C)

A.

Fuzzification

S
5

Knowledge
Base

Fig .9: Structure of the Fuzzy Logic Controller

These systems generally consist of four
components: Fuzzification, Rule base, Inference
engine and Defuzzification interface as shown in
figure 9.The first process is altering the crisp
values of input variables into membership values
according to proper fuzzy sets and there are three
methods which are utilized in inference process.
When the changes occur in the second process,

then the results of all rules are integrated into a
single precise value for output.

In this paper we considered the membership
function as a type in triangular membership
function and method for Defuzzification here we
considered as centroid. The error which is obtained
from the comparison of reference and actual values
is given to fuzzy inference engine. In this paper we
consider as a single input and single output fuzzy
inference system. The number of membership
variables for input and output is assumed as 5.
The number of rules we formed as 25.

B. Proportional Resonant Current Controller
The block diagram of the PR controller with
harmonic current compensator is shown in Fig.13
the transfer function of fundamental current
controller are G(s), Gnu(s), and Gaq(s), harmonic
compensator, and inverter respectively
The PR current controller is utilized in the
stationary frame which is different from the
traditional PI controller. Due to no transformation
from stationary frame to synchronous frame, the
computation pattern of this controller is simple.
For these cases, processor which is less in cost can
be used. Besides, when grid imbalances or a
sensing error occurs, this controller is more robust
than the PI controller. Especially, the PR controller
is suitable for constant frequency operation in the
grid-connected system. Generally, the PI controller
has disadvantages such as issue in eliminating the
steady-state error in a stationary reference frame.
This controller structure has obtained familiarity
due to its ability of removing steady-state error
when regulating sinusoidal signals. Moreover, the
simple execution of a harmonic compensator
without any counter cause on the controller results
prepares this controller well befit for grid-linked
systems.The transfer function of the PR controller
is defined below:

G(s) = Kpi + K;; *

sz 4+ w?
K'hS
Gu(s) = Z R
— s+ (hwf)
1
Ga($) = 37575

* .
ook o>
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Fig.10: PR controller with harmonic compensator

Where K,;and Kiare the proportional and resonant
gain,wyis the fundamental frequency, Kinis the
resonant gain at the nth order harmonic, h is the
harmonic order, and Tsis the sampling period.
IV. SIMULATION RESULTS

The Analysis of this transformer less inverter
topology was performed using the
MATLAB/SIMULATION SOFTWARE. The
parameters are considered in simulation are given
in Table I. in this simulation PV module are
replaced with 400V DC Voltage source.Cpyvi1,Cpv2 are
parasitic capacitance between the PV module and
ground, which is emulated using thin film

capacitor of 75nf. In this section, comparison of
different parameters such as inverter voltage,
common mode voltage (CMV), leakage current and
the performance of proposed topology under
changes of reactive and real power are discussed.

VIN
T

T I I I T I
0.05 0.1 0.15 02 025 03 035 04

1 i I I 1 I
0.05 0.1 0.15 02 025 03 035 04

(VIN+V2N)/2

300 — T T T T

100

0.05 0.1 015 02 025 03 03s 04
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300 T T
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Time (sec)
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Fig.11.CMcharacteristicsoftheproposed topology

The Characterestics of CM voltages for proposed
converter topology with pure real and reactive
powers are expressed as; for positive half cycle of
CM voltage (Vin+Vany2 and fornegativehalf cycle of
CM voltage (Vsn+Van)2. The characterestics of CM
Voltages (Vin, Von, Van, and Vay) are shown in figure
11.Due to the fluctuation of CM voltage. However,
the peak and RMS value of leakage current flows
through this topology shown in figure 12.

Leakage Current
T T

0.2 T T T
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&
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Figure 12: Simulation Result for Leakage Current
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Figure 13: Performance of Grid Voltage and
Current
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Figure 14: Performance of Grid active and Reactive
Powers

The dynamic performance of the proposed
system is simulated under changes in both Pr.s and
Qrer. The simulation results of Grid Voltage and
Current and its measured active and reactive
powers are shown in figure 13 and 14 respectively.

From the results, it shows that there is a change
in grid current with respect to step change in load
and the active and reactive powers tracks the
reference powers. From the results, there is very
low distortion in grid voltage and current, hence
the leakage current flows through the system is
also very low.

VI. CONCLUSIONS

This paper Proposes a system for governing the
flow of current from PV system when with the grid
depended on FLC (fuzzy logic controller). PV
system with inverter topology and its regulation
action was developed using MATLAB / Simulink
environment. With the Proper design of FLC and PR
controller, the proposed PV inverter had succeeded
in producing an excellent response, where the
output current of inverter was sinusoidal and the
harmonic values met with international standards.
The Simulated Results have been analyzed.
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