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Abstract: The main purposes of a transformerless grid-connected photovoltaic (PV) system
consist of the reduction of leakage current, extraction of maximum power point (MPP),
tracking of MPP (MPPT), controlling the active and reactive powers, and having the unity
power factor. To achieve the above-mentioned aims, the following actions have been
performed in this paper. First of all, a brief analysis of the transformerless PV system has
been done by using the conventional full-bridge (FB) topologies with two bipolar and
unipolar PWM techniques. Then, an effective solution has been also introduced to
significantly reduce the leakage current in the conventional H5 FB topology. Moreover, a
proper control method has been proposed by using the combination of the fractional open-
circuit voltage (FOCV) and the model predictive control (MPC) strategies to extract the
MPP from PV panels, control the injection of the reactive power to the gird and have the
unity power factor. At last, the simulation results performed in PSCAD software will be
used to prove the correct performance of the proposed control method in the improved H5
FB topology.

Keywords: Full Bridge (FB) Inverter, HS FB Topologies, Leakage Current, Pulse Width
Modulation (PWM) Techniques, Bipolar PWM (BPWM) Modulation, Unipolar
PWM (UPWM) Modulation, Maximum Power Point (MPP) Tracking, Fractional Open-
Circuit Voltage (FOCV) Technique, Model Predictive Control (MPC) Strategy.

1 Introduction The grid-connected PV systems have various
HOTOVOLTAIC (PV) systems are mainly topologies by applying the interface converters. These

. . converters can consist of single- or two-stage
categorized as stand-alone and grid-connected topologies [4-9]. The single-stage topology uses onl
systems. The stand-alone system directly supplies the polog ) & & pology Y

. ) . one inverter in order to convert the DC-voltage to an
power to a load or an electrical appliance. While the .
. AC-voltage and control the duty cycle of the inverter for
grid-connected systems not only supply the power to a

: . . extracting the maximum power point (MPP) from the
load or an electrical appliance but also inject the power PV panels [2], [4-6]. Whereas the two-stage fopolo
into the grid [1-3]. p ) : ge topology

applies two converters such as DC-DC and DC-AC (or
inverter). In this topology, the DC-DC converter has
been used to extract the MPP from the PV panels by
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controlling the duty cycle of the DC-DC converter.
While an inverter has been used to convert the DC-
voltage to an AC-voltage and inject the active power
into the grid by controlling the duty cycle of the
inverter [5, 8, 9]. The two-stage structure compared to
the single-stage one will have a good performance in
terms of the MPP tracking (MPPT), but the total
efficiency of the system can be decreased because of the
presence of two converters [4, 5].
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On the other hand, the PV systems are also categorized
as transformer and non-transformer structures. The
transformer topology in comparison with the non-
transformer topology can increase the safety and
reliability of the system, but the total efficiency of the
system will be decreased and the volume, weight, and
cost of the system will be increased [10-13].

It should be noted that one of the differences between
the inverters used in renewable applications (such as
PV, wind turbine, and FC systems) and the conventional
inverters is that the input voltage of H-bridge is variable
in the renewable systems. Therefore, the input power
density of the inverters used in renewable applications
should be able to handle a variable power density,
which requires high efficiency over a wide range. If the
inverter used in them is non-transformer topology, the
efficiency will be high because the efficiency factor of
the transformer does not apply to the total system
efficiency. Nevertheless, the non-transformer topologies
are less commonly used in practical applications in
order to the safety and reliability issues [1, 11, 12]. It is
noticeable that the necessary condition for the injection
of active power from the PV panel to the power grid is
having a voltage level higher than the grid voltage.
Hence, one of the fundamental problems in non-
transformer structures is the need for a high voltage
level in the PV panels, which will also increase the
leakage currents of the PV panels. Increasing the
leakage current also reduces the safety and reliability of
the system [1, 3, 12]. Moreover, the dispersed capacities
generated by the PV panel, especially in the rainy and
polluted air, lead to flow a leakage current toward the
ground. So that the protective fuses used in the system
can be acted and the system will be cut-off.

Up to now, various topologies for a grid-connected
PV system based on non-transformer have been
introduced [11], [14-17]. Some of these topologies are
the conventional FB (H4) inverter, the H5 from SMA
Corporation, the H6 FB inverters, the HERIC topology
from Sunways Company, FB inverter with DC bypass,
high-efficiency inverter with H6-type configuration, and
single-phase three-level diode-clamped inverter [14],
[16-21].

One of the main issues in the transformerless PV
systems which should be noted is the reduction of
leakage current toward the ground [14-16]. To
overcome this problem, an efficient topology or a
suitable PWM control method can be used [22].
Another fundamental issue in these systems is the
extraction of MPP from the PV panels which can be
achieved by using the maximum power point tracking
(MPPT) control algorithms such as perturb and observe
(P&0O), incremental conductance (IncCond), fractional
Open-Circuit Voltage (fractional V,.), fractional Short-
Circuit Current (fractional /), fuzzy logic control,
neural networks [23-26]. Other important subjects in the
transformerless PV systems consist of controlling the
active and reactive powers and achieving the unity
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power factor [20-22].

To obtain the above-mentioned issues, this paper is
categorized as follows. In Section 2, a brief review of
the operating principle of a grid-connected PV system
based on the transformerless topology has been
analyzed by using the conventional single-phase FB and
HS5 FB structures. In Section 3, an improved structure is
presented for the conventional H5 FB inverter due to a
reduction in the ground leakage current. By using the
combination of the FOCV and the model predictive
control (MPC) strategies, a suitable control method is
proposed to achieve the MPP, less injection reactive
power to the gird and unity power factor. In Section 4,
the perfect function of the proposed control method with
the related equations is presented. To demonstrate the
analysis validity for the transformerless grid-connected
PV system based on improved H5 FB topology with the
related controller, the simulation results are provided in
Section 5.

2 Review of the Conventional Transformerless PV
Systems Based on Full Bridge Topologies

Fig. 1 shows a transformerless grid-connected PV
system by using the conventional single-phase FB
inverter. In Fig. 1, the DC-link capacitor (Cpy) is used to
stabilize the input voltage of the PV array and create a
smooth DC current at the input of H-bridge. To convert
the PWM waveform to a sinusoidal waveform in the
output of H-bridge, an inductor's filter (Ly) is applied.
Since the generated oscillations in the voltage of the
grid side are almost constant, a voltage stabilizer
capacitor (Cri) will be also used. Considering Fig. 1,
the ground leakage current (the common-mode current)
flows in each of phase legs because of the variations in
the common-mode voltage (ven) [1, 3]. In order to the
reduction of ground leakage current, the voltage across
the capacitor (common-mode voltage) should be kept in
a constant value [27]. Hence, the value of the common-
mode voltage (ven) can be calculated as follows:

VotV
v — an n 1
m =T M

where v,, and vy, are the output voltages for each of
phase legs, respectively.

P
Ipy e
. S S
‘e PVl + gl E p Ly
LT
- |+ +
1
py | STy 0 Vab = Vins CFix=:X0 @vg
- S d S. d%
+ H
Ccm,?. Vem i
LT Ground 1

Fig. 1 The transformerless grid-connected PV system- by using
the single-phase FB inverter [1, 27].
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To control the switches of the FB inverter, various
methods are available which one of them is the bipolar
PWM (BPWM) modulation technique that is shown in
Fig. 2. According to Figs. 1 and 2, if these switches
have been switched by using the BPWM technique, the
results at the first and second operation modes are
respectively equal to (2) and (3) as follows:

{van Vsa =V :% for S, &S,:ON (2)

cm
Vi =V =0

= =0
{V"” VT Ly :V;V for S,&S,:ON (3)

cm
Vi =Vsa =Vpy

According to (2) and (3), in the steady-state, the
values of common-mode voltage are constant for two
operation modes and the leakage current will be much
lower. In the BPWM, not only whole switches are
switched in low frequency (grid frequency) but also the
zero states are not generated. However, due to the high
switching losses and high current ripple, this switching
method cannot be used in practice. To solve the BPWM
problems, the unipolar PWM (UPWM) technique can be
used. There are different strategies to control the
switches of the FB inverter which are shown in Fig. 3.
Considering the first technique shown in Fig. 3(a),
nevertheless the zero states are generated but due to the
switching of all switches in high frequency (switching
frequency), an increase in switching losses will be
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caused. Hence, it cannot be suitable in practice. In the
second UPWM technique shown in Fig. 3(b), opposite
of the first technique, two switches (S; and S,) are
switched in grid frequency whereas the other two (S3
and S4) are switched in switching frequency which
causes a reduction in the switching losses. In this
method, two operating modes can occur for the positive
and negative half-cycles. Considering Fig. 3(b), the
values of the common-mode voltage are different from
zero to Vpy, which causes an increase in the leakage
current. Nevertheless, a reduction in the current ripple
of the L, inductor has happened because of generating
the zero voltage. To solve this problem, the other two
UPWM techniques will be applied as shown in
Figs. 3(c) and 3(d). These strategies reduce the
alteration of v, value from Vpy/2 to Vpy in the third
technique (Fig. 3(c)) and from zero to Vpy/2 in the
fourth one (Fig. 3(d)).

To overcome the problems of PWM control methods
for the FB structure, the non-transformer topology such
as H5 FB topology can be used which is shown in
Fig. 4. Table 1 shows the different combinations of
allowed switching states for switches of the HS5 FB
inverter. In Table 1, va is the output voltage of the
inverter. Considering Fig. 4 and Table 1, by using the
third UPWM technique, the switches of the H5 FB
inverter have three operating modes; which generate
three levels of voltage (-Vpy, 0, +Vpy) in the output of
the inverter. The switch of Ss is turned on when the
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Fig. 2 The BPWM (a) (b) (c) (d)

modulation' strategy for the  Fig. 3 The UPWM modulation strategies for the FB inverter: a) First technique, b) Second technique,
FB inverter. ¢) Third technique, and d) Fourth technique.
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output voltage of the inverter (vap = vinv) 1s equal to +Vpy
or -Vpy. So, we can write:

VeV Vo [Si&S0N w
v, =0 ™= S, :ON
v, = S, &S, :0ON

“ = v, Vo for P Q)
v, =V, 2 S, :ON

It is noticeable that in the positive and negative half-
periods, the switch of Ss is switched respectively in the
switching and grid frequencies. According to Fig. 4, to
calculate the zero voltage in the output H5 inverter at
the positive and negative half-periods, we can write:

{ch :vSZ :VPV _VSS = for {Sl &S3 ON

6
S, :OFF ©

Vi =Vsq =Vpp —Vgs

Considering (6), if the division of the input source
voltage among S>, S4, and Ss switches has been correctly
done, the values of va, and vy, will be equal to Vpy/2,
which the ve, = Vpy/2. But due to the presence of the
non-ideal commutations and parasitic capacitors and
inductances, the voltage across the Ss switch is almost
equal to 2Vpy/3 whereas it is Vpy/3 for S and S
switches. Hence, the wvalues of the common-mode
voltage for positive half-period can be obtained as
follows:

y Ve

v S, &S, :ON
3 oy, At for 40T (7
v, 3 S, :OFF

LY

PV

i+

L Gomd 7L

F ig.-4 The transformerless grid-connected PV system by u;ing
the single-phase based on HS FB inverter [1, 27].

Table 1 The permissible switching states for switches of the
single-phase H5 FB inverter.

Allowed switching states

Vab

S S S3 S4 Ss
ON OFF OFF ON ON +Vpy
ON OFF ON OFF OFF 0
OFF ON ON OFF ON —Vpr
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variation of v., will be between Vpy/3 and Vpi/2 in the
positive and negative half-periods, which has been also
proved in the simulation results. Hence, the ground
leakage current will be increased.

3 Improved Topology

The conventional H5 FB inverter for producing zero
voltage states at positive and negative half-periods has
various values for the common-mode voltage [1, 27]. To
overcome this problem, an effective solution is
introduced in this paper which causes much more
reduction in the ground leakage current. Fig. 5 shows
the improved H5 FB topology. This topology uses an
extra diode in the DC-link side to eliminate the variation
of ven at two half-periods. Considering Table 1, the
permissible switching states with the values of va, Vi,
and v., for the conventional and improved H5 FB
topologies by using the UPWM strategy are shown in
Fig. 6. According to Figs. 5 and 6(b), it can be seen that
the value of the common-mode voltage at one cycle is
fixed (vem = Vpy/2) due to the addition of an extra diode
in the improved topology. It should be noted that to
generate the zero voltage at two half-cycles, the switch
of Ss is turned off whereas the diode of D is turned on.
Hence, the values of v,, and vy, are equal to Vpy/2 which
causes a constant value for v.,. On the other hand, the
voltage across the Ss switch is limited to Vpy/2 in the
improved topology.

As shown in Fig 6, the voltage across the capacitor
(common-mode voltage) in the improved topology has
been kept at the constant value (ve, = Vpi/2), whereas it
is variable from Vpy/3 to Vpy/2 in the conventional H5
FB topology [1, 27]. So, not only the ground leakage
current has been significantly reduced in the improved
topology due to the existence of D diode, but also the
safety and reliability of the system are increased due to
the presence of S5 switch (isolation issue).

4 Proposed Control Method Based on the
Combination of the FOCV and MPC Strategies

Fig. 7 shows a general block diagram of the improved
grid-connected PV systems with the proposed control
method by exploiting the FOCV and MPC strategies. To

J: Ground J_

.Fig. 5 The improved topology of the H5 FB inverter. )
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Fig. 5 The UPWM strategy: a) For the conventional H5 FB
inverter and b) For the improved H5 FB inverter.

trace the MPP of the PV panel at any time, the voltage
and current values of the PV panels are needed which
can be achieved by two voltage and current sensors. The
output of the MPPT block indicates the direction of
motion. In some advanced MPPT methods, the value of
motion direction can also be given. Since the MPP
algorithm provides the best work point for values of
V'pyr = Vupp and I'py = Iypp, the value of MPP can be
calculated by the equation of Ppy = VppxI'py =
Vupp*Iupp. Due to the existence of the losses in the
inverter, the values of the input and output powers are
not equal to each other. Hence, the inverter
efficiency (#i,) should be considered in calculating the
value of the output power.

Rm'nv =iy XPi,inv =i X Pospp =M Voo XLy ) ®)
where P; ;v and P, are the input and output powers of
the inverter, respectively.

Another point in the design of interface inverters is
that the input current ripple of the inverter must be
attempted to be close to the zero (Ais. — 0), because the
high ripple of the inverter input current causes the
reduction of PV panel efficiency. In other words, in
spite of achieving the MPP, the current ripple leads to
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the power losses and MPP will fluctuate around the
optimal work point. To overcome this problem, a filter
of the inductor and capacitor (LC filter) is used for the
input of advanced inverters in renewable energy
applications. But the inductor is eliminated in simpler
inverters and only a large capacitor is used (Fig. 5). The
used capacitor in the input of the inverter will act as an
integrator. The input current ripple of the inverter can be
smoother when the capacity of a capacitor has been
increased. Moreover, the voltage across the Cri
capacitor (v,) is a sinusoidal waveform with the
amplitude of V. It is necessary to explain that the phase
difference between the voltage of v, and network
voltage (v¢) is very little (almost 1 to 2 degrees). Thus,
the phase of them will be approximately the same.

In this paper, to extract the MPP from the PV panels,
the FOCV (fractional Voc) algorithm will be applied.
This algorithm is one of the simplest and easiest
techniques for MPP tracking. The operation principle of
the FOCV technique is based on multiplying the open-
circuit voltage of the panel at a constant value
(Vupp = aVsc), in which the value of a can be deferent
among 0.71 to 0.78 by considering the characteristic of
PV array [23-26].

Moreover, the purpose of selecting the MPC control
method in this paper is controlling the active and
reactive powers and achieving the unity power factor. In
the MPC algorithm, a sine reference current (io ) With
the amplitude of I,,, (which is determined by the
controller) is firstly defined. Then, the control circuit
will be designed in order that the inverter output
current (i,) be able to track the reference current. The
operation principle of the MPC control strategy is
shown in Fig. 8. Since the reference current is a
sinusoidal waveform, it has a lower total harmonic
distortion (THD).

In addition, because the phase of this current is as
same as the grid voltage phase, the reactive power
injection into the grid will be approximately equal to
zero (Q = 0). By assuming that the i, is able to track the
iore, the average injunction power (Poae) can be
calculated as follows:

27
R} ave (a)t) :Ljvu (a)t)ln ref (a)t)da)t
) 272_ 0 215

[P ,
:Z.O[(Vm sinat)(/,, . sinet)dt

V xI .
— m m ,ref (9)

2

In (9), the amplitude of reference current (L) is
unknown. Therefore, by considering the relations
obtained from (8) and (9), we will have:

V xI

R},ave :Po,[nv = mTW:’][nv (VMPP ><IMP'P) (10)
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Fig. 7 Block diagram of a grid-connected PV system with the proposed control method based on FOCV and MPC algorithms.
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Fig. 8 The MPC control strategy.

From (10), s is equal to:

277inv (V X[ )
Im,ref _ IA/{PP MPP (11)

m

In the proposed control method, to generate the
amplitude of sine reference current (/n), the following
processes will be performed. First, the PV voltage
generated by the PV panel (Vpy) will be compared with
the PV reference voltage (Vpyr = Vumpp) which is
achieved by applying the FOCV algorithm. Then, the
obtained result of the comparison should be given to the
input of a PI controller. Finally, the PI controller output
will apply to the input of a low-pass filter. The obtained
result of the output of the low-pass filter will generate
the optimum value of 7, .. Fig. 9 shows the generation
process of the amplitude of the reference current.
Fig. 10 shows the simplified equivalent circuit for Figs.
1, 4, and 5. Considering this figure, the output voltage
of the inverter (vs» = viny) can have three values which
are -Vpy, 0, and +Vpy (Fig. 8).

By writing the voltage law of Kirchhoff for the
equivalent circuit shown in Fig. 9, we will have:

di Ai
oy Ri, v, 2L, ﬁJerio v, (12)

/ dt

v inv

Considering Fig. 7, (12) can be rewritten for the time
oft=k:

Vi (K) =£TL[1'0 (k +D =i, ()] +R,i,(k)+v, (k) (13)

Fig. 9 The generation process of the reference
current amplitude.

Fig. 10 The simplified
equivalent circuit for Figs. 1,
4, and 5.

where 7 is the decision-making period and f= 1/T is the
decision-making frequency. Also, i (k+1) 1is the
estimated current in the next step.

Since the voltage variation across the stabilizer
capacitor (AVcry) is very little for the steps of ¢ = k& and
t = k+1, the value of v,(k) will be approximately equal to
the value of v (k+1).

From (13), the estimated current of i,(k+1) can be
calculated as follows:

ig(k+1>=L1[v,-,w(k)—R‘,-io<k)—vo(k>]+iU(k) (14)
f

According to Fig. 8 and (14), in time of ¢ = k+1, the
three values of -Vpy, 0 and +Vpy can be selected for the
output voltage of the inverter. Thus, the estimated
current of i,(k+1) is compared with the reference current
of iy,e(k+1) for all three values of -Vpy, 0, and +Vpy, in
the first place. So we have:

a:kﬁk+Dv;wf—QM4k+w
& =li,(k+D| i, . (k +1)‘
g =i, (k+D, =i, (k +1)‘ (15)

Then, the smallest obtained value for the estimated
current of i,(k+1) is chosen as the closest one to the
reference current of i, ,.(k+1). So we can write:

&

select

=min{¢, &, &) = i,k +1)|MM (16)
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It should be noted that the controller circuit has been
applied at discontinuous times which means in each
certain intervals of time, an interruption interval is
considered for the control circuit. So that the controller
circuit checks the existing conditions at different
moments (such as t =0, t = k-1, t =k, t = k+1, etc.) and
at last a decision-making process will be performed.
Considering (12) to (16) and Fig. 8, the value of i, is
equal to zero in ¢ = 0 and besides for tracking of the i, .,
the S) and Ss4 switches must be turned on. In other
words, to produce a positive current, the output voltage
of the inverter should be a positive value. Moreover, the
value of i, is smaller than the value of i, . in the time of
t = k (Fig. 8). Hence, the S| and Ss switches are also
turned on to track the iy, While at the time of ¢ = k-1,
the value of i, is greater than the value of i,z Thus, to
track the i, .s by #,, either the S, and S3 switches (which
means the production of a negative voltage) or the S
and S3 switches (which means the production of a zero
voltage) must be turned on. As a result, the main
advantages of the MPC technique are the selection of
switching with the lowest losses, the proper tracking of
sine reference current by the inverter output current and
controlling the active and reactive powers. It is
noticeable that, in the proposed control method based on
FOCV and MPC, to obtain the value of MPP can be also
simply used the other of more exact algorithms for
MPPT because it creates not only any limitation and
interference but also it can increase the accuracy of the
control method.

5 Simulation Results

To validate the system performance, the simulation is
performed in the PSCAD software. The used parameters
in the simulation are shown in Table 2. The simulation
results for different conditions of the sun's radiation
intensity and environment temperature are shown in
Figs. 11 to 16.

Figs. 11 and 12 show the operating principle of the
conventional and improved H5 FB inverters by using
the UPWM strategy shown in Fig. 6, respectively. In the
conventional H5 topology, the value of the common-
mode voltage at positive half-period due to (4) and (7)

Table 2 Used parameters in the simulation.

Open-circuit voltage Voc 450V
Short-circuit current Isc 8 A
Factor of the FOCV a 0.74
DC-Link capacitor Cry 3300 pF
RF 0.1Q
Output filter values Lr 15 mH
. . Crix 0.1 uF
Stabilizer capacitance values Res 010
L R 0.1Q
Grid impedance Le | mH
Grid voltage amplitude Vin 310V
Grid frequency fe 50 Hz
Decision frequency f 10 Hz

T. Ahmadzadeh et al.

will be equal to:

v, =V Ve 330
Vo = 4 "=y, == =165
v,, =0 2 2
v Ve ,
v, =0 V3 :vcmz%:ﬂzlw

In the following, at negative half-period, the value of v,
considering (6) and (7) will be equal to:

— 4
v, =0 V 330
. an PV 4
v[nv :_VPV . = ch =_=_:165
v, =V 2 2
bn PV
v NVPV
an < 4
3 V 330 "
Vi, =0: =>v, »2="=110
V 3 3
~ PV
bn "~
3
The conventional H FB inverter The conventional Hb FB inverter
- -
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Fig. 11 The UPWM technique for the conventional H5 FB
inverter: a) A part of positive half-period and b) A part of
negative half-period.
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Considering the four equations above and Figs. 6(a)
and 11, the amplitude variation of v, is between Vpy/3
and Vpy/2 at the positive and negative half-periods for
the conventional H5 FB topology. Whereas, it is
constant and equal to Vpy/2 for the improved topology
which is shown in Figs. 6(b) and 12.

As a result, the obtained simulation results in 12 prove
that the improved H5 topology has constant variation in
one cycle, which means having more lower leakage
current. On the other hand, the voltage across the Ss
switch is limited to Vpy/2 in the improved topology,
whereas it is 2Vpy/3 in the conventional topology
(Fig. 11).

Fig. 13 shows the harmonic contents for the
conventional and improved HS5 FB inverters. The
harmonic components have been decreased in the
improved topology (Fig. 13 (b)).
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Fig. 12 The UPWM technique for the improved H5 FB
inverter: a) A part of positive half-period and b) A part of
negative half-period.
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Figs. 14 to 16 verify the correctness principle of the
proposed control method based on the combination of
the FOCV and MPC techniques for the improved H5 FB
topology. During the time intervals of simulation, the
solar radiation is wvariable from 600 W/m? to
1000 W/m?, and the environment temperature differs
from 20°C to 40°C. Fig. 14 shows the characteristic
curve of the PV panel voltage in terms of the PV panel
power (Vpy—Ppy) under different conditions of solar
radiations and temperatures. Fig. 15 has been presented
to analyze the operation of the FOCV algorithm by
MPP extraction from the PV panel under different
situations of weather. To prove this issue, the voltage of
the PV panel (Vpy) should be able to track the PV
reference voltage (Vpy,e) besides the decreasing and
increasing of values of Vpy,.r. According to Figs. 14 and
15, it has been observed that notwithstanding the
alteration of weather conditions, the MPP point changes
from 1.5 to 2.5 kW, which demonstrates the correct
performance of the FOCV algorithm.

The main purpose of the MPC technique is controlling
the active and reactive powers and achieving the unity
power factor by proper tracking of reference

Harrronics vo Harmonics io
1.0 1.0
0.0 00—
[1] 0.311602 [1] 0.0154884
(a)
Harnonics vo Harmonics io
1.0 1.0
0.0 oo p—
[1] 0.311595 [1] 0.0153374
(b)

Fig. 13 The harmonic components: a) For conventional
topology and b) For improved topology.
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Fig. 14 Characteristic curve of PV panel voltage for improved
topology in terms of PV panel power (Vpy—Ppr) under
different circumstances of sun’s radiations and temperatures.
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Fig. 15 Simulations results under different conditions of sun’s
radiations and temperatures for the improved HS5 FB inverter
included sun’s radiations (G(W/m?)), temperature (7(°C)), the
voltage, current, and power of PV panel (Vpr, Ipy, and Ppy)
and output power of inverter, respectively.

current (i, by the inverter output current (7,). Fig. 16
illustrates tracking of i, by i, under different
circumstances of weather for the improved H5 topology.
It is clear that the reference current (7,0 will alter due
to the change in solar radiation and temperature.
Considering Fig. 16, it is observed that the phase of the
reference current is as same as the grid voltage phase.
Hence, the reactive power injection into the grid will be
approximately equal to zero (Q = 0). Fig. 16 proves the
correct performance of the MPC controller under
different circumstances of the sun’s radiations and
temperatures. As a result, the obtained simulation
results confirm the good operation of the
transformerless PV system based on the improved H5
FB inverter with the proposed control method by
exploiting the FOCV and MPC strategies.

6 Conclusion

In this paper, several fundamental solutions which
were simultaneously considered for a transformerless
grid-connected PV system based on the improved HS
FB topology with the proposed control method by
exploiting the FOCV and MPC techniques are

T. Ahmadzadeh et al.
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Fig. 16 Simulations results under different conditions of sun’s
radiations and temperatures for the improved H5 FB inverter
included sun’s radiations (G(W/m?)), temperature (7(°C)),
tracking of io.rer by io, the output voltage of the inverter (vim),
and the voltage across stabilizer capacitor (v,), the voltage and
current of grid (v and ig), respectively.
respectively used for the more reduction of leakage
current and switching losses, extraction of MPP and
MPPT, and controlling the active and reactive powers.
To prove the correct performance of the improved PV
system with the proposed related controllers, the
simulations  were  performed under different
circumstances of sun radiations and temperatures. To
confirm the operation of improved H5 FB inverter with
the UPWM modulation technique, the simulation results
indicated that the improved topology had been
faultlessly reduced the ground leakage current.
Moreover, to demonstrate that MPPT is exactly
executed under different conditions of weather by using
the proposed controller, the simulation results were
exhibited. At last, to validate the suitable performance
of the MPC controller for controlling the active and
reactive powers, the simulation result was illustrated
accurate tracking of the reference current (io ) by the
inverter output current (i,).
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