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Abstract: In this paper, a single phase quasi-Z-source inverter with maximum power point tracking
(MPPT) is proposed for photovoltaic (PV) system. A boost DC-DC converter is used to implement the
MPPT algorithm for tracking the maximum power from a PV panel. Perturb& Observe (P&QO) method is
used as a maximum power point tracker due to its simplicity. The suggested quasi-Z-source inverter
employs the quasi-Z-source network and only two active switches to achieve the same output as the
traditional voltage-fed full bridge inverter does. The proposed quasi-Z-source inverter has small size,
lower cost and high efficiency since no any transformer is used (the input dc source and the output ac
voltages share the same ground). Nonlinear sinusoidal pulse width modulation (SPWM) is used to
produce sinusoidal inverter output voltage .Power simulation (PSIM) program is used for simulation and
the obtained results show the validity of the proposed DC-AC conversion system.
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1. Introduction

Renewable energy sources, like wind turbine, solar photovoltaic (PV) and fuel cell
are becoming more famous in the recent years. This is because of increasing the demand
for clean energy. The solar photovoltaic sources produce DC voltages at the output
therefore inverters are required to place in between the source of energy and the grid or
AC loads.

Isolated and non-isolated inverters are widely used for connecting renewable energy
sources with the utility grid. The problems of using isolated inverters are high system
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cost, larger system size and reduced efficiency. In contrast, use of non-isolated
inverters reduce both cost and size along with improved system efficiency but these
inverters require some safety issues to be considered, like minimization of connection
effect between the input DC source and the grid as well as DC current injection to the
utility grid and loads [1]. If the same ground is not shared by both the PV panel and the
grid, a variable common voltage is developed which causes large common-mode
leakage current to flow through the parasitic capacitor between PV panel and the
ground, therefore the quality of the grid current is reduced and the system losses is
increased. Also the electromagnetic interference is induced [2-5].

To solve above problems, doubly grounded topologies are used [ 2,3,6]. Hence, in
this paper, preference has been given to the doubly grounded transformerless inverters
topology. Enhancement of the performance of the transformerless inverters is possible
by designing the passive components of the inverters.

The authors [7-10] show that choosing of coupled inductor is better than separate
inductor from the point of view of reduce the input current ripple, output voltage ripple
and minimize the inverter size. In this paper, a single phase transformerless doubly
grounded quasi-Z-source inverter for PV system with MPPT is proposed. The proposed
system utilizes a boost DC-DC converter for tracking the maximum power of the PV
panel and a single phase quasi-Z-source inverter for DC-AC conversion.

The single phase quasi-Z-source inverter requires only two active switches to
produce sinusoidal output voltage which is the benefit of this topology over traditional
single phase Z-source full bridge inverters. The complete system is able to extract
maximum power of a PV panel and produces AC voltage at the output of the inverter
by using only three active switches (one active switch for boost DC-DC converter and
two active switches for quasi-Z-source inverter).

2. Operation Principle of the Proposed Single Phase Quasi-Z-Source Inverter with
MPPT

Figure 1 shows the proposed single phase quasi-Z-source inverter with MPPT. In the
following sections , boost DC-DC converter with MPPT and single quasi-Z-source
inverter are explained.

PV Panel

Figure.1 Proposed single phase quasi-Z-source inverter with MPPT
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2.1. PV System with Boost DC-DC Converter

A boost DC-DC converter has been used for tracking the maximum power point
(MPP) of the PV panel. As shown in Fig.1, the boost converter consists of inductor ( L),
transistor (T), diode (D) and capacitor (C). The electrolytic capacitor (Cin) is used for
decoupling and smoothing the PV panel voltage. The relationships between the voltage
and current of the converter at the input and output sides are shown in Equations (1) and
(2). Equation (3) shows that the duty cycle can be regulated, and thus, the resistance
(load line) of the converter can be varied until the load line cuts through the I-V curve at
MPP [11,12].

\% v
Vboost =—F

1-K (1)
Iout = (1_ K)Iin (2)

Equation (1) is then divided by Equation (2) to obtain:

I:zin :(1_ K)2R0 (3)

Where V,y is the input voltage of the boost converter or the voltage of PV panel ;K
is the duty cycle; Vuoost IS the output dc voltage of boost converter; li, is the input
current of the boost converter; Rj, is the input resistance of the converter; R, is the
output resistance of the converter.

Perturb and observe ( P&O) method which is also called “ Hill-Climbing” is widely
used technique for MPPT because of its simplicity and effectiveness [12,13]. The
perturbation in the operating voltage of the DC link voltage between the PV panel and
boost converter is repeatedly done.

In this method, PV power (p(k)) is calculated and compered with the previous
calculated PV power (p(k-1)). If the power increases, the same perturbation is applied in
the same direction to get the same power, otherwise perturbation is made in opposite
direction.

By this process, the operating point of the system gradually moves toward the MPP
and oscillates around it. Based on these facts the algorithm is implemented. The process
is repeated until the MPP is reached [14,15]. P&O MPPT method is used in this paper.
The flowchart of P&O algorithm is shown in Figure (2).
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2.2 Basic Principle of Transformerless Quasi-Z-Source Inverter

Figure (3a) shows the transformerless single phase quasi-Z-source inverter with
ground sharing [1,17] nature, While Fig.3b shows the continuous voltage curve of the
converter. Positive and negative voltage can be obtained at the output of inverter when
the duty ratio (D) varies between 0 and 1. As shown in Figure 3b, the inverter can
generate voltages between —Vij, to +Vij, at the output of inverter when the duty cycle
changes remains between 0 and 2/3. The output is positive when the duty cycle of
switch S; varies from 0 to %2 ,whereas the output is negative when the duty cycle of
switch S; varies from %2 to 2/3. For duty cycle of %2 ,the inverter produces zero voltage

at the output [18].
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Figure 3. Single-phase quasi-Z-source inverter and voltage gain curve, (a) single-phase quasi-Z-source
inverter ,(b) voltage gain curve.[1].

The direction of current references of the inductors and the voltage references of
capacitors are shown in Figs. 4a and b for the following steady-state equations. The
steady-state equations are derived based on voltage-second balance and capacitor charge

balance principle [17]. The steady-state equations are as follows:

V_0 _ 1-2D
V., 1-D (@)
Vc1 :Lvin

1-D (5)

= ©)
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I 0
1-D (7)

If the inverter output voltage is sinusoidal as shown in equation (8) then the
modulation index can be expressed as in (9). Equation (10) has been derived from (4),
(8) and (9)

V, =Vsinat ®)
M=
in ©)

D~ 1-M si.n ot

2—M sin wt (10)

The duty cycle of switch S, (D) can be expressed as:

D'=1-D (11)
S

2—Msin ot (12)

Where Vj, is the dc output voltage of boost converter (Vpoost), Vo is the output of
quasi-Z-source inverter ,V is the amplitude of output voltage Vo. As shown in (12)
,there is a non-linear relation between voltage gain or modulation index(M) and duty
cycle (D) ,therefore a non-linear sinusoidal pulse width modulation (SPWM) is used to
generate sinusoidal output voltage. Fig. 4c shows a non-linear SPWM method. In this
method a derived reference signal in Equation (12) is used to control the duty cycle of
switch S, .To turn on switch Sy, it is necessary the reference value should be greater
than carrier value. Equation (10) shows the reference signal of S;, which is
complementary of S, and the range of duty cycle is between 0 and 1.

I,  Io
Verd - ;
I i :
e b |+
T iee Velags R3 7%

rvin

i

1

i - 1

4 8 E

= t E '
2 in i S"l }E
1 1

‘ '

-

(@)
(b)

108



Journal of Engi ing and Sustainable Develoy Vol. 21, No. 02, March 2017 www.jeasd.org (ISSN 2520-0917)

S1

Fig. 4 Quasi-Z-source inverter: (a) Modes of operation of quasi-Z-source inverter at state I. (b) Modes of
operation of quasi-Z-source inverter at state Il. (c) Modulation of quasi-Z-source inverter.[12]

2.3 Analysis and Design of the Quasi-Z-Source Inverter Circuit

Configuration of quasi-Z-source inverter shown in Fig.3a has been used to analyses
various parameters and design consideration of the circuit components. The output
current expression in (13) is in phase with output voltage. Voltage across the switch
during the OFF state and the current through the switch during ON state can be
presented in (14) and (15) respectively.

|0 =|sinwt (13)

V.=V +V. =~ v —(2—Msinat)V,
1-D (14)

=1+l =-ﬁ|o _ _(2sin @t — M (sinat)?)!

N (15)

Where 1 is the amplitude of inverter output current ,Vs is the switch voltage and I
is the switch current.

According to (14) , (15), the peak voltage across the device (the switch) occurs when
D=2/3 M=1 and ot=2n/3 which is 3Vj, ,the peak current through the device (the
switch) also occurs when D=2/3 ,M=1 ot=2xn/3 which is 3I respectively. The voltage
and current stresses of this type of z-source inverter are high but the switching device
number is reduced compared with the traditional full-bridge Z-source inverter.

Voltage across capacitor C; and current through inductor L; can be stated by (16)
and (17) which are derived from (5),(7) ,(10) and (13). Voltage ripple of capacitor C;
and the current ripple of the inductor can be dictated by(18) and (19) considering L1=L
The values of capacitance C; and the inductance L; can be determined using (18) and
(19) respectively [18].
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Vg =2V = (1—Msinat)V,
1-D (16)
D - L
I, =———=1,=—(sinwt —M(sin wt)")I
1-D (17)
1-D)T |, (-sinawt+M(sinat)*)T,I
AV, = s UL s

Cl (2 -M Sin C()t)Cl (18)

AI 1= AI L :VinTsD :VinTS (1— M sin a)t)

Where V¢ is the voltage of capacitor Cy, 111 is the current of inductor Ly, Ts is the
switching period, AV¢; is the voltage ripple of capacitor C; and Al ; is the ripple current
of Li

3. Simulation Model and Results

For the purpose of simulation validity, a photovoltaic (PV) panel with specifications
shown in table-1 is used. Fig.5 shows the complete system that is modeled using power
simulation (PSIM) software. The maximum power point (MPP) voltage of PV panel is
30V. The boost DC-DC converter with L=1mH and C=2000uF and switching
frequency of 50kHz is used to raise the DC voltage and to implement the perturb and
observe (P&O) MPPT algorithm. The DC output voltage of boost converter is applied
to the transformerless quasi-Z-source inverter and the AC output voltage of the inverter
is connected to the grid of 110V ,50Hz . The values of capacitor C; and C, of quasi-Z-
source inverter are 4.7uF considering the ripple of capacitor voltage is limited to 2.22%
of peak voltage across the capacitors. The important components for quasi-Z-source
inverter are inductors which are used to protect the boost converter from high overload
and limit the input current ripple. Two inductors (L; and L) used in quasi-Z-source
inverter can be placed in a single core to reduce the size , improve the response to load
change and decrease the DC leakage current injected to the grid. The values of both
inductors Ly and L, are 1.2mH considering current ripple limited to 1/3 of the peak
current of the inductor.

To obtain sinusoidal output voltage, non-linear pulsewidth modulation is proposed
as shown in Fig.5. The switching frequency of the inverter is chosen as 50kHz.
Synchronous operation between the grid and inverter output voltage is shown in Fig.6
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Table-1 PV Specifications

Numberof cells  Seriesresistance Shuntresistance Short circuit current Maximum power

72 0.008Q 1000Q2 8.0A 240W

Figure 5. Simulation model for complete system using PSIM

Vo Vinv

022 022 024 0235 035

Time (s)

Figure 6. Grid voltage(V0) and inverter output voltage (VINV): vertical scale (200V/Div.)

Fig.7 shows the PV panel voltage (vcen) and PV current (icen) at maximum power
point with sun light intensity (S=1000W/m?) and Fig.8 shows the dc output voltage of
boost converter. The steady state value of output voltage of boost converter (Vpoost) IS
178V with ripple of 1.1% . Fig.9 shows the output current of quasi-Z-source inverter
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injected into the grid and grid voltage. The RMS value of output current is 2.1A ;the
power factor(Pf) is 0.92 and THD of output current is 2.69%.
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Figure7. PV panel voltage (V) and PV panel current (l.) against time: scale for voltage (10V/Div)
,scale for current (10A/Div).
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Figure 8. Output voltage of boost converter (Vypo0st) against time: scale (50V/Div.)
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Figure 9. output current (lo) and grid voltage(Vo) waveforms: scale for voltage (200V/Div), scale of
output current (10A/Div).

The modulation index(M) is chosen as 0.968. Fig.10 shows the voltage across C;
(Vc1) and Figs. 11 and 12 show the voltage across transistors Vps: and Vps
respectively. The peak voltages of voltages Vc1,Vps: and Vps; are 363V,536V and
515V respectively which agree with equations 14 and 16.

112



Journal of Engineering and Sustainable Develop t Vol. 21, No. 02, March 2017 www.jeasd.org (ISSN 2520-0917)

032 0.32 024 038 038 04 0.42 044
Time (s)

Figure 10. Voltage across C; (V1) waveform :scale (200V/Div.)

0.62 084 066 068 0.7 0.72 074 0.78
Time (s)

Figure 11. Voltage across transistor (Vps;) waveform :Scale (200V/Div.)

Time (s)

Figurel2 .Voltage across transistor (Vps,) waveform: Scale(200V/Div.)

For the same modulation index and sun light intensity of 500W/m? ,Fig.13 shows the
voltage and current of PV panel. Fig.14 shows the dc output voltage of boost converter
(Vhoost) Which its value at steady state is 167V with ripple less than 1%. The RMS value
of output current of the inverter that is injected to grid is 1.09A .The power factor of
output current with respect to grid voltage is 0.903 and total harmonic distortion(THD)
factor of output current is 3.12%. Fig.15 shows the waveforms of inverter output
current and grid voltage.
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Figure 13. PV panel voltage (Vi) and PV panel current (I.ei) against time: scale for voltage (10V/Div)
,scale for current (10A/Div).
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Figure 14. Output voltage of boost converter (Vpoost) against time: scale (50V/Div.)
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N N .
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Figure 15.0utput current (lo) and grid voltage(Vo) waveforms: scale for voltage (200V/Div), scale of
output current (10A/Div).

Figs. 16-18 show Vc1,Vps: and Vps, respectively with the same sun light intensity
(S=500W/m?).The peak values of these voltages are 341V,511V and 514V
respectively.

0.28 0.38 0.4 0.42 0.44 0.48 0.48 05
Time {s)

Figure 16. Voltage across C; (Vc1) waveform :scale (200V/Div).
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Figurel?7. Voltage across transistor (Vps;) waveform :Scale (200V/Div.)
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Figurel8 .Voltage across transistor (Vpsz) waveform: Scale(200V/Div.)

Table 2 shows PV panel power at maximum power point (MPP), output power of the
inverter (P,) injected to grid ,THD% of inverter output current and complete system
efficiency for different sunlight intensity .

Table 2 Different results with different sunlight intensity

S(W/m?) PV Panel Power(W) Po(W) THD% Efficiency( n%)
1000 236 213 2.69 90.2

800 189 171 2.72 90.4

600 142 130 2.83 91.5

500 118 110 3.12 93.2

300 70 66 3.4 94.3

4. Conclusion

A transformerless quasi-Z-source inverter topology is proposed in this paper. The
input DC voltage of this type of z-source inverter is supplied from DC output voltage of
DC-DC boost converter. The boost converter is suggested to obtain high DC voltage
and to implement P&O algorithm for operation of PV panel at MPP. The complete
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system is designed and power simulation (PSIM) software is used for simulation. Based
on simulation results, the following aspects can be concluded:

1- Lower cost and higher efficiency DC-AC conversion due to use two active switches
in the quasi-Z-source inverter compared with the traditional single-phase full-bridge
inverters and z-source inverters where four active switches are used.

2-Light weight due to the operation of complete system with single ground (no isolation
transformer is used).

3-Sinusoidal current injected into the grid with low total harmonic distortion (THD)
factor irrespective to the variation of PV extracted power .
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