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Abstract:- This paper describes a novel transformer
less grid connected ANN based power converter with
negative grounding for a photovoltaic generation
system. The negative terminal of the solar cell array can
be directly connected to the ground in the proposed
grid-connected power converter to avoid the
transparent conducting oxide corrosion that occurs in
some types of thin-film solar cell array. The proposed
grid-connected power converter consists of a dc-dc
power converter and a dc-ac inverter. The salient
features of the proposed power converter are that some
power electronic switches are simultaneously used in
both the dc-dc power converter and dc-ac inverter, and
only two power electronic switches operate at high
switching frequency at the same time (oneisin the dc—
dc power converter and the other is in the dc-ac
inverter). The leakage current of the photovoltaic
generation system is reduced because the negative
terminal of the solar cell array is connected directly to
the ground. Finally, a prototype was developed to verify
the performance of the proposed grid- connected power
converter. Performance of the proposed ANN based
grid-connected power converter is verified using
MATLAB/SIMULINK.

[. INTRODUCTION

The use of fossil fuels has resulted in the
emission of greenhouse gases and the cost of fossil-
fuel energy has become higher and higher. Climate
change, caused by these greenhouse gases, has
seriously damaged the environment. Because of the
problems associated with climate change, interest in
renewable energy sources, such as solar power and
wind power, has increased [1]-[12]. Many materials
can be used to manufacture solar cells, but
polycrystalline Si and mono crystalline Si are the
most widely used. A thin-film solar cell can generate
power under conditions of low irradiation.

Therefore, the thin-film solar cell has the
potential to generate electrical power for a longer
time than a crystalline Si solar cell. Since the thin-
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film cell can be easily combined with glass, plastic,
and metal, it can be incorporated in green
architecture. The use of thin-film solar cells has
increased steadily and this trend is set to continue in
the future. In general, an earth parasitic capacitance
will be generated between solar modules and their
ground. This parasitic capacitance is about 50-150
nF/kW for aglass- faced solar cell array [4], [13].
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Fig. 1. Basic configurations of grid-connected
photovoltaic generation system with an isolation
transformer.(a) Line frequency transformer.(b) High-
frequency transformer.

However, this capacitance is increased to 1
UF/KW if the thin-film solar cell array is used [4].
Serious leakage current occurs if a high-frequency
pulsating voltage is applied between the thin-film
solar modules and the ground Corrosion damage in
thin-film modules, caused by a so-called transparent
conductive oxide (TCO) corrosion of cadmium
telluride (Cd-Te) or amorphous silicon (A-Si), is
observed if the voltage of the negative terminal of a
solar module is lower than that of the ground. The
damage to the electrical conductivity of the inside of
the glass cover cannot be repaired and causes
substantial power loss[16].
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Consequently, the life of thin- film solar
modules is shortened However, TCO corrosion can
be prevented by the negative grounding of solar
modules. Using an isolation transformer in the grid-
connected inverter can solve the problem of the
leakage current caused by the earth parasitic
capacitance in solar modules. There are two types of
grid-connected  inverter  with an  isolation
transformer. One is a line frequency transformer, and
the other is a high-frequency transformer.

Fig. 1(@) shows a grid connected
photovoltaic generation system with a line frequency
transformer. The solar modules can be grounded
directly and there is no current path for leakage
current because the line frequency transformer is
isolated [4], [19]. This system supplies no dc current
to the grid and has the advantage of a simple control
circuit. However, the line frequency transformer’s
disadvantages are large volume, high weight, and
high cost. Fig. 1(b) shows a grid-connected
photovoltaic generation system with a high frequency
transformer.

The transformer is incorporated in a dc—dc
converter and is operated at high frequency to reduce
volume and cost. However, the control circuit of this
grid-connected photovoltaic generation system is
complicated due to the use of a transformer-isolated
dc-dc converter. Besides, the high-frequency
transformer is not placed at the output of the grid-
connected photovoltaic generation system, so it
cannot prevent the dc current from injecting the grid.
The use of an isolation transformer in the grid-
connected photovoltaic generation system should be
avoided due to cogt, size, and efficiency. In general,
the bridge-type dc-ac inverter is used in the
grid-connected photovoltaic generation system [15].
However, a conventional bridge- type dc—ac inverter,
without an isolation transformer, results in the
problem of leakage current because it cannot sustain
the voltage of its negative terminal at a constant
value. Recently, many dc—ac inverter topologies have
been proposed to solve the problem of leakage
current [7].

This paper proposes a transformer less grid-
connected ANN integrated power converter with
negative grounding for a photovoltaic generation
system. The proposed transformer less grid-
connected power converter simultaneously solves
the problems of leakage current and negative
grounding as the topologies shown in [7] and [18].
The negative grounding of the solar cell array in the
proposed paper is achieved by a boost dc-dc
converter and select switches. Therefore, the problem
of TCO corrosion in Cd-Te or A-Si thin-film solar

modules is also solved. Finaly, a prototype was
developed and tested to verify the performance of the
proposed transformer less photovoltaic generation
system.

1. LEAKAGE CURRENT OF HALF-BRIDGE
INVERTER

Fig. 2 shows the relevant circuit
configurations. In the following analysis, the capacity
of the solar cell array shown in Fig. 2 is assumed to
be 1kW. This section analyzes and discusses the
problem of leakage current in a grid-connected
photovoltaic generation system that uses a
conventional half-bridge inverter, a conventional full
bridge inverter, and a diode-clamped multilevel half-
bridge inverter. An equivalent capacitor Cp is serially
connected to an equivalent resistor Rg 1 to represent
the parasitic elements of the solar cell array, and
these are connected between the negative terminal of
the solar cell array and the ground.

The utility is connected to the ground by an
equivalent resistor Rg2. The capacitance of the
parasitic capacitor Cp is typically 1 pF in a 1-kW
solar cell array. Since the utility voltage is 120 V,
Rg2 must be lower than 25 Q to satisfy the
requirements Fig. 2(a) shows a conventional half-
bridge inverter, which is controlled by pulse
width modulation (PWM) and named as type 1. Fig.
2(b) shows a conventional full-bridge inverter. The
conventional full-bridge inverter can be controlled by
a bipolar PWM or a unipolar PWM, named as type 2
and type 3, respectively.

Fig. 2(c) shows the diode-clamped
multilevel half-bridge inverter named as type 4. A
filter inductor Lf connected to the output of the dc—ac
inverter is used for filtering the switching harmonic
of the dc-ac inverter. Table | shows the main
parameters of the simulation system. Fig. 3 shows
the simulation results for the resistors Rg 1 =1 Q and
Rg 2 =1 Q. As can be seen, the grounding voltage vg
and the leakage current ig differ for different types of
dc—ac inverters. For the conventional half- bridge and
diode-clamped multilevel half-bridge inverters (type
1 and type 4) the neutral line of the utility is directly
connected to the middle point of the split dc
capacitors. The voltage between the negative terminal
of the solar cell array and the ground is stabilized by
the lower dc capacitor of these types of dc-ac
inverters.

TABLE|
MAIN PARAMETERS FOR DIFFERENT
INVERTERS USED IN THE SIMULATION
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Parameters Value
Cy 1pF
j 22 20kHz
Le(type 1) 3mH
L(type 2) 1.SmHx2
Ls(type 3) ImH~*2
L/(type 4) 2mH

Asseenin Fig. 3, the voltage of the negative
terminal for these types of dc—ac invertersis —200 V.
A voltage ripple with a frequency equaling that of the
utility is incorporated in the voltage of the negative
terminal because the ac current connected to the
utility passes through the split dc capacitors. This
voltage ripple is very small and depends on the
capacitance of the split dc capacitors. Since the
impedance of the earth parasitic capacitance is very
large at the utility frequency, the leakage current of
the utility frequency is very small. Fig. 3 shows a
small high-frequency leakage current in the half-
bridge inverter. This is due to the equivalent ground
resistor Rg 2 of the utility and switching operation of
the power electronic switches. However, the leakage
current for the half-bridge inverter is less than 2.5
mA.

solar cell
array

solar cell
array

(b)

solar cell
array

(c)

Fig. 2. Inverter topologies used in the grid-connected
photovoltaic generation system. (a) Conventional
half-bridge inverter. (b) Conventional full-bridge
inverter. (c) Diode-clamped multilevel half-bridge

inverter.

During the positive half-cycle of the utility
voltage, the switching operation occurs at the upper
side of the diode clamped multilevel half-bridge
inverter and results in a switching ripple in the upper
side capacitor. However, the voltage of the lower side
capacitor is sustained and no leakage current is
generated between the negative terminal and the
ground. Similarly, this switching ripple will appear in
the lower side capacitor during the negative half-
cycle of the utility voltage and result in a small
leakage current between the negative terminal and the
ground. However, the leakage current for the diode-
clamped multilevel half-bridge inverter is till less
than 2 mA.

As seen in Fig. 2(b), the two lines from the
utility are connected to the midpoints of two power
electronic switch legs of a conventiona full-bridge
dc-ac inverter. To achieve symmetrical circuit
configuration and better suppress the leakage current,
two filter inductors are connected between the
outputs of the dc-ac inverter and the utility,
respectively. As can be seen in Fig. 3, the voltage at
the negative terminal of type 2 is a voltage ripple
with a dc offset. The amplitude, frequency, and dc
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offset are 90 V, 60 Hz, and -100 V,
respectively. The voltage at the negative terminal of
type 2 contains no pulsating voltage at the switching
frequency due to the symmetric switching of the
bipolar PWM. Since this voltage ripple is low
frequency, the peak value of the leakage current
is smaller than 50 mA. However, this leakage current
is larger than that of the conventional half bridge and
the diode-clamped multilevel half-bridge inverters.

.

Fig. 3. Simulation results for different types of
inverter under 1 yF, Rg1=1Q,and Rg2=1Q.

Fig. 3 also shows that the voltage at the
negative terminal of type 3 contains a pulsating
voltage with a frequency equaling the switching
frequency due to the asymmetric switching of the uni
polar PWM. The magnitude of this pulsating voltage
is90 V and results in a serious leakage current (about
1A) through the parasitic capacitance of the solar cell
array. Fig. 4 shows the ssimulation results for resistors
Rg 1 = 10 Q and Rg 2 =10Q.As can be seen, the
simulation results are similar to those of Fig. 3. From
the simulation results shown in Figs. 3 and 4, it can
be seen that the leakage current in the conventional
full-bridge inverter controlled by the unipolar PWM

istoo large to comply with the standard VDE 0126-1-

1[25].

The major reason for grounding connection
is safety. In practica applications, the grounding
resistance is usualy very small. The earth parasitic
capacitance, between the solar cell array and the
ground, will cause leakage current and result in
additional power loss.

Fig. 4. Simulation results for different types of
inverter under 1 yF, Rg1=10Q,and Rg2=10Q.

Table Il shows the calculated power loss
caused by the leakage current for the same earth
parasitic capacitance (1 uF) and different resistors Rg
landRg2(1Q,5Q,and 10 Q) in a 1-kW solar cell
array [10], [26]. The power loss is the product of the
sguare of the leakage current and the summation of
equivalent resistorsRg 1 and Rg 2 . Ascan be seenin
Table Il, the leakage currents are small in the
conventional half-bridge inverter, the conventional
full-bridge inverter with bipolar PWM, and the
diode-clamped multilevel half-bridge inverter. As
seenin Table |1, the power loss caused by the leakage
current in types 1, 2, and 4 is very small. However,
the power loss caused by the leakage current is
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significant in type 3, and it will evidently degrade the
system efficiency. Besides, it can also be found that
the calculated power loss of type 3 increases as the
resistance is increased. Additionaly, the leakage
current will cause additional power loss at the filter
inductor and power electronic switches. The power
loss caused by the leakage current of type 3 will be
higher than 1% in practice after considering the
effects of both the parasitic and nonparasitic
components.

I1l. CIRCUIT ANALYSIS

Fig. 5shows the circuit configuration of
the proposed photovoltaic generation system. As can
be seen, the grid- connected power converter is

transformer less, and its negative termina is
connected directly to the ground. Both the problems
of TCO corrosion and leakage current in C d- Te or
A-Si thin-film solar cell array can be avoided. The
proposed transformer less grid-connected power
converter is composed of a dc—dc power converter
and a dc—-ac inverter. The dc—dc power converter is a
boost converter. The dc—dc power converter consists
of three dc capacitors C1, C2, and C3, an inductor L1
, two diodes D1 and D2 , and four power electronic
switches G1 , G2, G3, and G5 . The dc-dc power
converter converts the dc voltage of the solar cell
array to a stabilized dc voltage.

TABLE I
CALCULATED POWER LOSS CAUSED BY THE LEAKAGE CURRENT UNDER DIFFERENT Rg1 AND R
g2IN 1I-KWTHIN-FILM SOLAR MODULES

R,=1Q R,=5Q R.,=10Q
Type R.=18Q R.=5Q R.=1082
Power loss (W) % Power loss (W) % Power loss (W) %
Type 1 1.2m ignore 1.8m ignore 1.2m ignore
Type 2 2.7m ignore 7.5m ignore 11.8m ignore
Type 3 1.2 0.12 4.3 0.43 7.7 0.77
Type 4 0.9m ignore 0.9m ignore 0.8m ignore
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Fig. 5. Circuit configuration of the proposed transformerless negative grounding photovoltaic generation system.

The dc-ac inverter consists of two dc
capacitors C2 and C3, an ac inductor Lf, and four
power electronic switches G4, G5, G6, and G7 . The
dc—ac inverter further converts the output dc voltage

of the dc-dc power converter into ac power and
injects into the grid. As seen in Fig. 5, the power
electronic switch G5 controls both the dc-dc power
converter and the dc—ac inverter.

IV. WORKING PRINCIPLE OF THE PROPOSED
ANN BASED POWER CONVERTER
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Fig. 6. Switching pattern for the power electronic
switches of the proposed Transformer less negative
grounding photovoltaic generation system. (G2 , G7
), (G3, G5): low frequency. G1, G4, and G6 : high
frequency.

Fig. 6 shows the switching pattern for the
power electronic switches of the proposed
transformer less grid-connected power converter. As
can be seen, (G2, G7) and (G3, G5) are switched in
opposition and synchronous with the utility voltage,
respectively. G1 is switched at high frequency to
store or release the energy in the inductor L1 , and
then regulate the output voltage of the dc—dc power
converter. G6 and G4 are, respectively, switched at
high frequency during the positive half-cycle and the
negative half-cycle of the utility voltage to control
the output current of the dc—ac inverter. Since only
one power electronic switch in the dc—ac inverter is
switched at high frequency, the power loss caused by
the switching operation is reduced.

Fig. 7 shows the timing sequence for power
electronic  switches of the proposed power
converter. Fig. 7(a) is the timing sequence for power
electronic switches during the positive half-cycle
of the utility voltage. During the positive half cycle
of the utility voltage, the dc-dc power converter
charges capacitor C3 so the duty cycle (Du 3 =
ton3/T2) of G1 controls the voltage of capacitor C3 .
The capacitor C2 supplies power to the dc-ac
inverter, and G6 of the dc-ac inverter is switched at
high frequency to control the output current.
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Fig. 7. Timing sequence for power electronic
switches of the proposed power converter. (a)
Positive half-cycle. G2, G3, G4, G5, and G7 : low
frequency, G1 and G6 : high frequency. (b) Negative
half-cycle. G2, G3, G5, G6 and G7 : low frequency,
G1, G4 : high frequency.

As seen in Fig. 7(a), the operation of power
electronic switches during the positive half-cycle can
be divided into three time intervals. The current
paths, during these time intervals, are shown in Fig. 8
and described as
1) [t01,t02]

The current path during thistime interval is shown in
Fig. 8(@). Gl of the dc—dc power converter is
switched on to energize the inductor L1 . Because G3
and G5 are both ON, a diode D2 is series connected
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to G3 to prevent C3 from short circuit. In the dc—ac
inverter, G6 is switched ON and the output voltage
vo is+Vdc2. The output current of the dc—ac inverter
is supplied from C2.

2) [t02, t03]

The current path during this time interval is shown in
Fig. 8(b). In the dc—dc power converter, G1 and G2
are switched OFF. G3 and G5 are till ON. The
energy stored in the inductor L1 is deenergized via
the path D2 , G3 and the flying diode of G5 to charge
the capacitor C3 . G6 of the dc— ac inverter is still
ON, and the output voltage vo is still +Vdc2. The
filter inductor of the dc—ac inverter is energized from
c2.

3) [t03, t04]

The current path during this time interval is shown in
Fig. 8(c). In the dc—dc power converter, the energy
stored in the inductor L1 is still deenergized via the
path D2, G3 and the flying diode of G5 to charge the
capacitor C3 . G6 of the dc— ac inverter is switched
OFF, and the output current isflowing through G5
and the flying diode of G7 to form aloop. Therefore,
the voltage vo is 0, and the filter inductor of the dc-
ac inverter is reenergized.

Fig. 7(b) shows the timing sequence for
power electronic switches during the negative half-
cycle of the utility voltage. For the negative half-
cycle of the utility voltage, the dc-dc power
converter charges the capacitor C2 , so the duty cycle
(Du 2 = ton2/T2) ofGl controls the voltage of
capacitor C2 . Capacitor C3 supplies power to the
dc-ac inverter, andG4 of the dc-ac inverter is
switched at high frequency to control the output
current. As seen in Fig. 7(b), the operation of power
electronic switches during the negative half-cycle of
the utility voltage can also be divided into three time
intervals.

Fig. 8. Current path under different time duration. (a)
[t01,102]. (b) [tO2, tO3]. (c) [tO3,t04]. (d) [t11,
t12]. (e) [t12, t13]. () [t13,t14].
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The current paths during these time intervals
of the negative half-cycle of the utility voltage are
shown in Fig. 8(d)—(f). Because the operation of
the negative half-cycle of the utility voltage is similar
to that of the positive half-cycle, its explanation is
superfluous.

V. ARTIFICIAL NEURAL NETWORKS (ANN)

The rapid detection of the disturbance signal
with high accuracy, fast processing of the reference
signal, and high dynamic response of the controller
are the prime requirements for desired compensation
in case of converters. The conventional controller
fals to perform satisfactorily under parameter
variations nonlinearity load disturbance, etc. A recent
study shows that NN-based controllers provide fast
dynamic response while maintaining stability of the
converter system over wide operating range
[10][12][13]. The ANN is made up of
interconnecting artificial neurons. It is essentially a
cluster of suitably interconnected nonlinear elements
of very simple form that possess the ability to learn
and adapt. It resembles the brain in two aspects. 1)
the knowledge is acquired by the network through the
learning process and 2) interneuron connection
strengths are used to store the knowledge [14]-
[15][16]. These networks are characterized by their
topology, the way in which they communicate with
their environment, the manner in which they are
trained, and their ability to process information. ANN
has gain a lot of interest over the last few years as a
powerful techniqgue to solve many rea world
problems.

Compared to conventional programming,
they own the capability of solving problems that do
not have algorithmic solution and are therefore found
suitable to tackle problems that people are good to
solve such as pattern recognition. ANNs are being
used to solve Al problems without necessarily
creating a model of a real dynamic system. For
improving the performance of a UPQC, a multilayer
feed forward- type ANN-based controller is designed.
This network is designed with three layers, the input
layer with 2, the hidden layer with 21, and the output
layer with 1 neuron, respectively [18].

Structure of ANN:

Neural networks are models of biological
neural structures. The starting point for most neural
networks is a model neuron, as in Figure 9. This
neuron consists of multiple inputs and a single
output. Each input is modified by a weight, which

multiplies with the input value. The neuron will
combine these weighted inputs and, with reference to
athreshold value and activation function, use these to
determine its output. This behavior follows closely
our understanding of how real neurons work.

bt ' 4y
N&umn | W

. Sigmaoid

Fig.9. Model of neural

While there is a fair understanding of how
an individual neuron works, there is still a great deal
of research and mostly conjecture regarding the way
neurons organize themselves and the mechanisms
used by arrays of neurons to adapt their behavior to
external stimuli. There are a large number of
experimental neural network structures currently in
use reflecting this state of continuing research. In our
case, we will only describe the structure, mathematics
and behavior of that structure known as the back
propagation network. This is the most prevalent and
generalized neural network currently in use.

To build a back propagation network,
proceed in the following fashion. First, take a number
of neurons and array them to form a layer. A layer
has al its inputs connected to either a preceding layer
or the inputs from the external world, but not both
within the same layer. A layer has al its outputs
connected to either a succeeding layer or the outputs
to the externa world, but not both within the same
layer. Next, multiple layers are then arrayed one
succeeding the other so that there is an input layer,
multiple intermediate layers and finally an output
layer, as in Figure 10. Intermediate layers, that are
those that have no inputs or outputs to the external
world, are called hidden layers. Back propagation
neural networks are usualy fully connected. This
means that each neuron is connected to every output
from the preceding layer or one input from the
external world if the neuron is in the first layer and,
correspondingly, each neuron has its output
connected to every neuron in the succeeding layer.
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Fig.10. Back propagation Network

Generally, the input layer is considered a
distributor of the signals from the external world.
Hidden layers are considered to be categorizers or
feature detectors of such signals. The output layer is
considered a collector of the features detected and
producer of the response. While this view of the
neural network may be helpful in conceptualizing the
functions of the layers, you should not take this
model too literally as the functions described may not
be so specific or localized.

VI. CONTROL SYSTEM

Fig. 11 shows the control block diagram for
the proposed transformer less grid-connected ANN
power converter. Fig. 11(a) is the control block
diagram for the dc—dc power converter. G1 of the dc-
dc power converter controls the dc voltages of C2
and C3. As dready mentioned, the positive and the
negative half-cycles of the ac current are aternately
supplied from the dc capacitors C2 and C3 , and the
dc capacitors C2 and C3 are individually charged
during different half-cycles. Therefore, the dc
voltages of C2 and C3 will contain a voltage ripple
with a frequency equaling the utility frequency.

The generating power of the solar cell array
will decrease if their output voltage contains a
voltage ripple. To avoid the voltage ripple delivered
from the dc capacitors C2 and C3 to the solar cell
array, the current in the inductor L1 must be ripple
free. Consequently, the dc—dc power converter is
Controlled by an outer voltage loop and an inner
current loop. As mentioned previously,C2 andC3 are,
respectively, charged by the dc—-dc power converter
in the negative and the positive haf-cycles of the
utility.

As seen in Fig. 11(a), the capacitor voltages
Vdc2 and Vdc3 are detected and sent to band-stop
filters| and I1, respectively. The band-stop filters |
and Il are used to eiminate the utility frequency

ripple. The outputs of the band-stop filters| and Il are
subtracted from a setting capacitor voltage Vdc set,
and then theresults are sent to the of the switch is
a reference current signal. Since the capacitor
voltages Vdc2 and Vdc3 are controlled by the
individual half cycle and individual ANN controller,
the voltages of C2 and C3 can be balanced. The
reference current signal and the detected inductor
current are sent to a sub tractor, and then the result is
sent to an amplifier.

The output of the amplifier is sent to a PWM
circuit, and the output of the PWM circuit is sent to a
driving circuit to generate the driving signal for G1.
Fig. 11(b) showsthe control block diagram for the
dc—ac inverter. The utility voltage is detected and
fed to a phase-locked loop (PLL) circuit to generate a
unity sinusoidal signal in phase with the utility
voltage.

This unity sinusoidal signal is sent to a
comparator to generate a square wave S1 whose
phase is the same as the utility. The output signal of
the comparator is sent to a driving circuit to
generate the driving signals for G3 and G5. The
output signal of the comparator is also sent to signal
inverter. The output signal S2 of the signal inverter,
which is out of phase with the utility voltage, is sent
to adriving circuit to generate the driving signals for
G2 and G7. The maximum power point tracking
(MPPT) method used in this paper is modified from
that used in a small wind-power generation system
[27]. The function of MPPT can be obtained by
perturbing the amplitude of the output current of the
dc- ac inverter, and then observing the voltage
variation of the solar cell array to determine the next
perturbation direction for the amplitude of the output
current of the dc—ac inverter.

Theoutput of the MPPT control block is
an amplitude signal. The outputs of the PLL circuit
and the MPPT control block are sent to a multiplier
to provide a reference output current for the dc—ac
inverter. The reference output current and the
detected output current of a dc—ac inverter are sent to
a subtractor, and the result is then sent to an
amplifier. The output of the amplifier and the
detected utility voltage is sent to an adder. To avoid
interference  from the utility\ voltage, afeed
forward control is used, and it is obtained by adding
the detected utility voltage. The output of the
accumulator is sent to a PWM circuit.

The output of the PWM circuit and the
signal S1 are sent to an AND gate, and then sent to a
driving circuit to generate a driving signal for G6.
This means G6 is operated at a high switching
frequency during the positive half-cycle of the utility
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voltage. The output of the amplifier isalso sent to an
inverting amplifier. The output of this inverting
amplifier is sent to a PWM circuit. The output of the
PWM circuit and the signal S2 are sent to an AND
gate, and then sent to a driving circuit to generate a
driving signal for G4. This means G4 is operated at a
high switching frequency during the negative half-
cycle of utility Voltage. Note, only one power
electronic switch in the dc— ac Inverter is operated at
a high switching frequency.

The model of the dc—ac inverter with the
current mode control is shown in Fig. 12, where kif is
the gain of the current detector. As seen in Fig. 12,
the feed forward control of the utility is also
incorporated into the controller, and the gain of the
feed forward control is l/kpwm. Therefore, the
interference of the utility voltage can be avoided by
the feed forward control. The current controller is an
amplifier with gain kc .
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Fig. 11. Control block of the proposed transformer less grid- connected ANN based power converter. () DC-DC
power converter. (b) DC-AC inverter.
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Fig. 12. Simplified model of the dc—ac inverter

VII. SSIMULATION RESULTS

To verify the performance of the proposed
converter is designed by usng MATLAB/
SIMULINK. The power electronic switches G1 -G7
used in this paper are insulated gate bipolar transistor
modules, and the power diodes. The controllers of the
dc—dc power converter and the dc—ac inverter are
implemented in a MATLAB. The major parameters
of the prototype arelisted in Table 111.

Fig. 13 shows the simulation results for the
dc—ac inverter of the proposed transformerless grid-
connected power converter under the steady state.
The output power of the solar cell array is about 931
W. Fig. 13(b) shows that the output current of the dc-
ac inverter is sinusoidal and in phase with the utility
voltage. The total harmonic distortions (THDs) of the
utility voltage and the output current of the dc-ac
inverter are less compare with conventional system.

TABLE 111
MAJOR PARAMETERS OF THE PROTOTY PE
Solar Module

Model F-MSN-75W-R-02
Rzte of maximum power T5W
Open vollage 217V
Short current 5.0A

system parameter

Utility voltage 120V, 60Hz
Switch frequency 18kHz
DC capacitor {C,) 470uF

DC bus capacitar {C5) 1,680uF
DC bus capaciter (C;) 1,680pF
DC inductor (L) 2.8mH
AC inductor (L) 2.8mH

This  verifies that the  proposed
transformerless grid-connected power converter can
convert solar power to ac power with unity power
factor. As seen in Fig. 13(c) and (d), both capacitor
voltages Vdc2 and Vdc3 remain stable at 190 V.
Since the dc capacitors C2 and C3 perform the
function of the energy buffer and are aternately
charged and discharged for every haf-cycle of the
utility, both capacitor voltages Vdc2 and Vdc3
contain a 60-Hz voltage ripple.
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Fig. 13. results of the dc—ac inverter for the proposed
transformerless grid-connected power converter
under the steady state. (a) Utility voltage. (b) Output
current of thedc— ac inverter. (c) Capacitor voltage
Vdc2 . (d) Capacitor voltage Vdc3.
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Fig. 14. Simulation results of the dc—dc power
converter using a conventional voltage controller. (a)
Voltage ripple of capacitor C2 . (b) Voltage ripple

Fig. 14 shows the simulation results of the
dc—dc power converter using a conventional voltage
controller. As seen in Fig. 14(a) and (b), the peak-to-
peak values of the voltage ripple at the capacitors C2
and C3 are about 28 V. Fig. 14(d) also shows that the
inductor current of the dc—-dc power converter till
contains a significant current ripple. Therefore, the
output voltage ripple of the solar cell array shown in
Fig. 14(c) contains a voltage ripple, and the peak-to-
peak value of the voltage ripple of the solar cell array
is about 22 V. In this circumstance, the average
output power of the solar cell array is about 890 W.
Consequently, the voltage ripples in the dc capacitors
C2 and C3 will pass to the output voltage of the solar
cell array when the dc-dc power converter adopts a
conventional voltage controller.
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Fig. 15. results for the dc—dc power converter of
the proposed transformerless grid-connected power
converter. (a) Voltage ripple of capacitor C2 . (b)
Voltage ripple of capacitor C3. (c) Output voltage
ripple of the solar cell array. (d) Inductor ripple
current of the dc—dc power converter.

Fig. 15 shows the simulation results for the
dc-dc power converter of the proposed
transformerless grid-connected power converter. As
seen in Fig. 15(a) and (b), the peak-to-peak value of
the voltage ripple at the capacitors C2 and C3 is
about 24 V. Fig. 15(d) shows that the ripple of an
inductor current is very small due to the use of the
current-mode control. In this way, the output voltage
of the solar sell array can be sustained more stably.
As seen in Fig. 15(c), the peak-to-peak value of the
voltage ripple of the solar cell array is about 2.4Vand
the average output power of the solar cell array is
about 931 W. This verifies that the dc—dc power
converter of the proposed transformerless grid
connected power converter can effectively suppress
the voltage ripple of the solar cell array, yielding
increased output power from the solar cell array.
Comparing Figs. 14 and 15, it can be found that the
voltage ripple of the solar cell array will reduce about
4% output power of the solar cell array.

Fig. 16 shows the simulation results of the
grounding voltage and the leakage current of the
proposed transformerless grid-connected power
converter. A capacitor and aresistor are connected in
series and then connected between the ground and the
solar cell array to simulate the parasitic effect of the
solar cell array. As seen in Fig. 16(c), the negative
terminal voltage of the solar cell array with reference
to the ground is about 0 V and contains nearly no
high frequency component.
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Fig. 16. results of the grounding voltage and the
leakage current of the proposed transformerless
grid-connected power converter. (a) Utility voltage.
(b) Output current of the dc—ac inverter. (¢) Voltage
of the negative terminal of the solar cell array
referred to the ground. (d) Leakage current.

The leakage current ig , passing through the
simulated capacitor and resistor, is shown in Fig.
16(d). It is smaller than 10 mA. Because of the small
ripple for the negative terminal voltage of the
proposed transformerless grid-connected power
converter, the leakage current complies with the
requirement stated in the VDE 0126-1-1 standard
[25]. This effectively demonstrates that the proposed
transformerless grid-connected power converter can
not only solve the problem of TCO corrosion but also
the problem of leakage current.

VIIl. CONCLUSION

Performance of the proposed ANN based
grid-connected power converter is verified using
MATLAB/SIMULINK. This paper proposes a novel
transformer less grid-connected power converter.
The negative terminal of the solar cell array can
be directly connected to the ground in the
proposed grid  connected ANN based power
converter. The salient features of the proposed
power converter are only two power electronic
switches of the power converter are operated at high
switching frequency simultaneously (one is a dc—dc
power converter and the other is a dc—ac inverter),
and the negative terminal of the solar cell array is
directly connected to the ground to solve the
problems of TCO corrosion and leakage current for
some types of thin- film solar cell array. The
simulation results show that the proposed grid-
connected power converter can trace the maximum
power point of the solar cell array, reduce the leakage
current of the solar cell array and convert solar
power toahigh quality ac power toinject into the
utility.
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