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IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS

A Grid-Connected PV System Based on
Quasi-Z-source Inverter with Maximum Power
Extraction

Mahmoud F. Elmorshedy, Member, IEEE, Thab Jamal Al Essawy, Essam M. Rashad, Senior Member,
IEEE, and Md Rabiul Islam, Senior Member, IEEE Sherif M. Dabour, Senior Member, IEEE

Abstract—This paper proposes an approach to link
photovoltaic arrays with the AC grid using Z-source inverter
(ZSI) and quasi-Z-source inverter (QZSI) topologies. These
topologies boost the DC-link voltage and invert it to AC voltage in
one stage, resulting in a reduction in the overall system size and
cost. The paper presents a control technique that fixes the DC-link
voltage on the inverter bridge terminals, tracks the maximum
power point (MPPT), and controls the amount and quality of
power injected into the grid using unity power factor. The
proposed control algorithm utilizes two independent control
variables, shoot-through duty cycle (ST) and modulation index, to
decouple the control of the DC and AC sides. The effectiveness of
the proposed control technique is verified through simulations of
a grid-connected PV system. The results demonstrate that the
proposed system can efficiently extract maximum power from PV
arrays while regulating the DC-link voltage and ensuring unity
power factor operation. Additionally, experimental testing of
ZS1/QZSI further confirms the results of analysis and simulation.

Index Terms—Photovoltaic, Z-source inverter, grid connected,
standalone, maximum power point tracking, decoupling control,
unity power factor.

I. INTRODUCTION

ENEWABLE energy sources (RESs) offer numerous

advantages over traditional sources [1-4]. Photovoltaic
(PV), wind, and biomass systems are some examples of RESs.
Recently, PV energy has gained popularity worldwide due to its
low cost and increased utility [5]. Grid-connected PV systems
are an optimal solution to reduce production costs [3]. The
generated PV power is transmitted to the utility grid via a
centralized inverter or multiple small inverters connected to
individual PV modules [4]. To ensure power system stability
and quality, extensive research has focused on controlling
grid-connected PV systems to enhance their performance.
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Grid-connected PV systems commonly use voltage source
inverters (VSIs), but it has drawbacks such as:

a) the grid voltage must be lower than PV voltage due to the
VSI's buck inverter nature in DC to AC conversion,

b) simultaneous activation of both switches in a phase can
result in shoot-through (ST) and damage to the bridge, and

c) the use of dead time to prevent ST can cause distortion in
the output current [4].

To address the inherent buck inverter nature, a common
approach is to utilize a two-stage conversion system. A typical
two-stage conversion process utilized in grid-connected PV
systems [5]. The first stage uses a DC-to-DC converter, which
is usually incorporates a boost or buck-boost converter to
control the PV output voltage and extract the maximum power.
The second stage involves a voltage source inverter (VSI) that
converts DC to AC power. While the two-stage configurations
have been successful, they suffer from drawbacks such as
increased device count, low efficiency, low reliability, high
cost, and large size [5,6].

Conversely, the single-stage topology has emerged to
overcome the drawbacks of two-stage configurations. One such
topology is the impedance-source inverter (ZSI), which uses a
Z-source impedance network to connect the inverter power
circuit to the PV source. The ZSI, shown in Fig. 1(a), has been
widely discussed in literature [5-7]. However, it has some
shortcomings, which led researchers to modify or add passive
components to the impedance network to address these issues.
One of the most popular topologies resulting from this research
is the quasi-Z-source inverter (QZSI), shown in Fig. 1(b). This
paper firstly reviews the composition and working principle of
the QZSI and clarifies the advantages and disadvantages of
both the ZST and QZSI.

The ST duty cycle control in both ZSI and QZSI enables the
boosting of DC-link voltage while eliminating dead time,
thereby reducing total harmonic distortion (THD) in the output
and improving power quality. During the last few years, ZSI is
utilized in various applications such as adjustable speed drive
and power conversion systems from a constant DC voltage
source, whereas QZSI is preferred for use in PV systems [?].
These inverters are controlled by two independent variables,
namely the ST duty ratio (D,) and the modulation index (m). A
simple boost pulse width modulation (SBPWM) strategy is
employed to drive the inverter bridge [?].
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Fig. 1. Single state inverter (a) ZSI and (b) QZSI.

Generally, PWM methods aim to convert null states into ST
states and maintain the active interval states, preventing circuit
devices from being damaged due to short circuit or faulty
switching. This results in an improved inverter with
significantly increased reliability.

This paper focuses on using QZSI to connect PV arrays to
the grid and proposes a comprehensive control technology to
achieve MPPT and regulate the DC-link voltage. The control
strategy begins with using the P&O algorithm to achieve MPPT
of the PV array. The PI controller determines the ST duty ratio
and regulates the DC-link voltage while providing the d-axis
synchronous current reference frame. The presented control
strategy can achieve unity power factor and transfer the
maximum available power to the grid under various radiation
levels. The effectiveness of the control technique is verified
through simulations conducted in MATLAB/Simulink, and the
operation principle and characteristics of QZSI are verified
through experimental testing.

The paper is structured as follows: first, the proposed system
structure is presented, followed by an analysis of the QZSI
operating principle and PWM strategy in Section II. Section III
discusses the MPPT algorithm and control for both DC and AC
sides. In Section IV, the LC-filter design and PI tuning for the
proposed system are analysed. Section V presents simulation
and experimental results with a discussion. Finally, the
conclusion of the presented work is summarized in Section VI.

II. OVERALL SYSTEM CONFIGURATION

Figure 2 shows the scheme diagram of the proposed system.
The system contains a five main parts: PV panels, QZSI, filter,
utility grid, and control unit. The control system comprises
three control units: MPPT unit, outer control loop unit, and
inner control loop unit [3,6,8,13].

QZ-source network  VSI

EE - EE AR

Gmm_ Pulses

LC filter Grid

\”‘ PV Panels

Fig. 1. The grid-connected PV system depend on ZS network circuit diagram.

4
MPPT ——» SBPWM <+— Feedback control

A. Operating principles of the QZSI

A QZSI equivalent circuit is slightly different from a ZSI
equivalent circuit as shown in Fig. 1. For mathematical
derivation, a parallel switch S, is used to represent the VSI as
illustrated in Fig. 3. During the ON state of S,, the DC-link
terminals are shorted (ST mode) as shown in Fig. 4, On the
other side, if the S, is in OFF state, the impedance network is
connected to the load (active or null state) as shown in Fig. 5, it
is called (non-ST mode) where the diode can be expressed by
the Sq series switch. The steady-state analysis of the QZSI is
performed under the following assumption [3].

e The two inductors and capacitors are selected so that:
L=L=L & C,=C,=C.

e  Semiconductor switches are considered ideal.

e The internal resistances of inductors, capacitors and
semiconductor switches are neglected.

e Passive elements like Inductors and capacitors, also the
resistors are linear, stable over time, and independent of
frequency.

e Choosing the appropriate size of
capacitance to reduce the dc ripples.

The QZSI operates in two modes, ST mode, and non-ST
mode. The performance of ZSI can be analyzed as follows.

1) ST-state

The equivalent circuit of the ST state is seen in Fig. 4. This
state occurs when any of the seven ST states shorts the
impedance network terminals; in another meaning, the
quasi-Z-source network (QZSN) is shorted by connecting both
switches in any leg of the bridge simultaneously. In ST states,
the circuit can be represented as follows [3].

inductance and

V.=V (D

Vo =Vin =2V, (2

I.=-1 3)

lye =21, “4)
Ly Cy ez

Fig. 5 The equivalent circuit of the QZSI at non-ST state.
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2) Non-ST- state

The equivalent circuit of the non-ST state is illustrated in
Fig. 5, where the inverter operates in one of the active or null
states (such as a conventional VSI) for a period of total active
time, T,. It is noticeable that the diode is forward biased, and
the capacitors begin to charge, and then the previously stocked
power in the inductors is transferred to the load. The
mathematical representation of this case is as follows [1]:

Vp=Vin =V (%)
Va=0 (6)

Vac = 2Ve = Vin (N
Ic = IL - Idc (8)
Ic = Is - IL (9)

The overall interval of the shoot-through time is To while T,
is the total active time.
In the stable case, the average voltage V;, over the
switching time T should be zero [2], which results in the
following equations:

1 (T TV, + T,(V,, — V.
VLZTJ- v, (O)dt =—== 1T( m V) _ (10)
0

Suppose D,, is the ST duty cycle and using Eqn. (3.13), the
relation between the capacitor voltage and the input voltage can

be deduced as follows:
. T, _1-D,

Vm Ti—T, 1-2D, an
Also, the average DC-link voltage (V;.) at the input of the
inverter can be decided and concluded as follows:
1 (7 T.0 + T, (2V, — Vi)
Vie == f Vie ()dt =
dc T o dc () T (12)
=Vin T1/(Ty —T.)

while the peak value of the chopping DC-link voltage
(v4c) across the inverter bridge can be deduced as follows:
Vge =2V, = Vi = ﬁVi = BV; (13)

where B is the boost factor resulting from the ST state and can
be deduced as follows:
T 1 1

B = = =
T,—T, 1_2L 1-2D,
T

(14

Since the value of D, is larger than zero and less than 0.5, the
value of B is larger than one, and D, can be expressed in terms
of B as follows:

D,=T,/T = (B—-1)/(2B) (1s)

1-T,/T= (B+1)/(2B) (16)
From (11) and (16) the capacitor voltage can be deduced as
follows:

Vo="Viu(B+1)/2 (17)

The second prime difference between ZSI and QZSI is that
the capacitor voltage on C, is significantly reduced compared to
Ci, so the voltages on the capacitors compared to the QZSI can
be expressed as follows:

1-D, B+1
Voo = 7=5p BVin = —5—
Ve = BViy D,/(1 - 2D))

Vin (18)
19)

Substituting the value of the input source voltage from (13)
into (18) the peak value of the DC-link voltage can be deduced
as follows:

2V, 2B
Vae = BY,

= B = |/
B+1 B+1°
The peak value of the output phase voltage (v,.) can be
deduced as follows:
Vac ZMVdc/Z = MBVm/Z (21)
where m is the modulation index and offset by (20) in (21). The
output ac voltage of the inverter can be formulated as follows:

(20)

Vac = GVln/Z (22)
where G is the ZSI gain can be formulated as follows:
G =MB (23)

whereas B is the gain of the impedance network and m is the
gain of the VSI, the voltage transfer ratio can be formulated as
follows:

VTR = vac/Vin = G/Z (24)

For a conventional VSI, it is known that the peak value of the
output phase voltage is v, = MV;,/2. But in ZSI/QZSI and
according to (21), the presence of an added multiplication
factor of B gives the boosting ability in ZSI/QZSI compared to
the voltage conversion ratio of VSI. But realistically, the
non-ideal values or the internal resistance of the switches and
passive components affects the value of B. The duty cycle of
the ST state over the non-ST states of the inverter can be used to
control the boost factor B. The PWM control of the inverter is
unaffected by the ST state as it produces zero voltage only
across the load as it is during zero states.

Similarly, the average value of the current passing through
the capacitor over the entire switching period is zero [6]. Also,
the average value of ;. over the non-ST period is constant. So,
using (3), (8), the inductor current can be formulated as
follows:

I, =13 1-D)/(1-2D,) (25)
Also, the input current I through non-ST mode can be
formulated as follows:

Iin=1,/(1=D,) (26)

III. CONTROL STRATEGY FOR THE PROPOSED SYSTEM

In this section, the details of each control objective will be
presented in detail.

A. MPPT Control Techniques

There are many MPPT algorithms used to extract all
available energy in the PV array [5]. The perturbation and
observation (P&O) diagram of the MPPT control is shown in
Fig. 6. This technique is commonly used due to its simplicity.
The output of the MPPT algorithm is in the form of two
reference lines, V, and V,, which define the ST period. The
PWM technology is fed by these two lines as shown in Fig. 7.
Thus, the DC-link voltage can be increased according to the ST
intervals. Hence, the DC-link voltage can be boosted according
to the ST periods. From (10), and according to the relation
between the PV array voltage and the V., controlling the V., of
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the ZSI leads to adjusting the voltage of the PV array. The
Z-source DC-link voltage, V;. is optimized to equal the PV
voltage at the maximum power point. This can only be
happened by simultaneous operation of every phase leg
switches in inverter bridge [9].

The P&O method compares the output power of the PV array
at the previous step with the output power of the new step. This
may result in increasing or decreasing the array voltage until
the difference between the power of the previous and new steps
reaches zero. Therefore, the value of the reference voltage
changes with a fixed value. Operating point is moving on the
MPP curve because of repeatedly rising or lessening the array
voltage as shown in Fig. 8. This figure shows that increasing or
decreasing the voltage value will change the amount of power
directly. Therefore, if there is an increase in power, the
subsequent perturbation must remain in the same direction to
achieve MPP. If there is a reduction in power, the direction of
the perturbation must be reversed. Fig. 9., shows the practical
algorithm of MPPT based on P&O.

v Vi 1
Il o
X Py | MPPT - v,
P&O Pulses
SBPWM |—>

T)T </
Vn

Fig. 6. The block diagram of the MPPT based on the P&O.
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Fig. 8. Operation principle of P&O MPPT algorithm.

B. Control principle of grid-connected PV system

The controlling of a grid-connected PV system is aimed to
convert the DC power to AC power matches the grid
requirements. The inner current control loop is designed to
achieve the unity power factor. Meanwhile, the external voltage
control loop is used to ensure that the inverter voltages can
follow the AC grid voltage. The PV voltage is further
controlled by the ST duty cycle to track the MPP [3]. The
general circuit diagram of a three-phase QZSI connected to a
PV with a control structure is shown Fig. 10. The main purpose
of this control strategy is to maintain a unity power factor and
reducing THD.

F

| Inputs: V(t) & 1(t) |

Calculate P

PPy =0 YES
NO
YES
Pn-P(n-1)>0
NO
NO YES NO YES
4

DecreaseV Increase V DecreaseV Increase V

| ' ! |

Fig. 9. Flow chart of Perturb & Observe technique for the MPPT.

The control strategy of ZSI/QZSI in the grid-connected PV
system is shown in Fig. 11., which is split into DC section
control and AC section control. The DC controller provides a
fixed average DC-link voltage from a chopped DC output to the
inverter. On the other hand, the AC side is controlled in the
synchronous dq frame. The output signal from DC-link voltage
control serves as the reference value of d-axis.

Meanwhile, the reference current for the g-axis is considered
zero to realize unity power factor. The dg-axis current signals
are controlled to achieve the modulating signal then they are
converted to the three-phase sinusoidal reference voltage signal
in (a, b, ¢) frame. By adopting the SB-PWM the active and null
states are produced for control ZSI bridge. Three-phase
sinusoidal reference signals are available with the help of the
current control loop with the aided of phase angle, wt and
voltages and currents in dq frame of the reference modulation
index, m [5].

More analysis about the current control loop for QZSI in the
synchronous reference frame can be expressed by:

diy
V= <Rld+L(d )+leq +ed) (27
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Vv, = (Rig +1 (%) ~ wLig + ey (28)
where R and L are the line filter resistance and inductance,
respectively, eq and e, are the transformed grid voltages and w
is the angular frequency of the grid.

Re-writing (17) and (18):

Va = (Avg + wLiy + ey) (29)
V, = (Avg — wLiy + eg) (30)

where
Av, = Rig + Ldi,/dt (32)

Since the coupling terms (wLi; and wLi,) and the grid voltages
(ed and eq) are known, the current inner loop control must
determine the voltage drop on the filter impedances (Av, and
Av,) to achieve the current references lyrof and Igrop. The

schematic diagram of the current control depends on (21) and
(22) is depicted in Fig. 12 [8]. Also, phase-locked-loop control
technique is used to control the phase angle and frequency
between the inverter's current and the grid voltage. Fig. 13.,
shows the phase-locked loop, (PLL) technique for the grid
interconnection [10].

¢ J_ Grid
se [ s
R
A N N A
S18283 8485 Sl
v SBPWM :
PV
Fig. 10. The PV-based three-phase QZSI with the control structure.
Y mppT | Vo Dsr ST. Up Signal
e LY
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DC-Side control
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O Lol |E
L Ph & Mag PWM
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ot
—|

PLL

m,

‘ AC-Side control

Fundamental Reference Calculation

|_

Fig. 11. Control technique for ZSI/QZSI in a grid-connected PV system.

®

Fig. 13. Block diagram of the grid side inverter including three-phase PLL.

IV. LC-FILTER DESIGN AND PI TUNING

The filter is an important device to be inserted between the
inverter and the grid in order to avoid parallel resonance, to
meet imposed utility distortion limits, and improve the poor
power quality. The harmonic currents injected by a grid
connected inverter can be classified as [22]

e Low frequency harmonics,
e  Switching frequency harmonics, and
e High frequency harmonics

Each frequency must be attenuated sufficiently and
appropriately. L-filter (first order), LC-filter (second order),
and LCL-filter are the three main harmonic filter topologies.
(third order). Each topology has a different range of attenuation.
Because of their smaller component dimensions, LCL-filters
are becoming more popular. Meanwhile, the main disadvantage
of the LCL-filter is the instability caused by the resonance of
the filter elements, which necessitates some form of damping.
Determining the electrical parameters of (LCL) inductance and
capacitance is also a difficult task. LCL-filter design
methodologies are difficult due to the standard's harmonic
injection limit. As a result, the LC-filter shown in Fig. 2 is used
in this work. The filter inductor, Ly, is chosen based on the
maximum allowable ripple current in the inverter switching
devices. In order to limit the reactive voltage drop and the
required DC link voltage value, the reactance should be less
than 10% of the system's base impedance.

Fig. 14 The adopted LC-filter.
To determine the maximum inductor ripple current, the
values of via and vg, are given by
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2
Via § Vac (33)
1
Vga = §Vdc (34
The voltage across the inductor is given by
Aiyg
ULy = Lfﬁ =Vig = Vga = ngc (35)
S
Aiy 1
Le——=-V, 36
'f 5TS 6 dc ( )

From the previous equation, the filter inductor value can be
calculated by
6V
L, =
T 6f,hiy, (37)

where Vg is the dc-link voltage, f; the switching frequency, Airs

the allowable percentage of ripple current, and ¢ the maximum
duty cycle.

Meanwhile, the filter capacitor's maximum value, Cy, is
determined by the acceptable PF reduction at the rated power.
As a result, the maximum total capacitance of a given PF
should be calculated, with approximately 30% of this
capacitance reserved for the filter capacitor, Cr. This lower ratio
is due to the fact that one of the capacitors in the other circuit
may have a higher capacitor value. To reduce the first harmonic
switching component and higher-order components, the
minimum value of the principal capacitance is set to the output
voltage ripple value. As a result, a sufficient margin must be
allowed to calculate the size of the C¢[23].

The tuning values of the PI controller-based voltage-oriented
control are developed from equations (27) to (32) based on the
filter values, where the d- and q- axis currents can be controlled
by controlling the inverter d- and g- axis voltages V; and V. For
the unity PF, the reference current iy" is set to zero, while the ig"
is determined by the dc-link voltage controller. The errors
generate the command voltage signals v," and v,” via PI
controllers, which are then transformed back to van~ using the
grid space vector angle obtained by the phase-locked loop.
(PLL). However, compensating signals, as shown in Fig. 6, are
used to eliminate the coupling effect introduced in equations
(27) and (28) respectively. After Taking Laplace Transform for
(31) and (32), the above equations can be rewritten in the
following forms

_ id(S) _ 1
Ga(s) = 4vy(s) " R+Ls (38)
Gy(s) =2 _ 1 (39)

Av,(s) " R+1Ls

V. SIMULATION AND EXPERIMENTAL TEST

In order to verify the effectiveness of the QZSI with the
control techniques, a comparison between both QZSI and ZSI
is presented. The simulation and experimental results are
investigated based on MATLAB/Simulink model and
prototype test platform of QZSI and ZSI. All data and
parameters related to proposed system for simulation and
experimental results are listed in Table I and Table II

respectively. In order to obtain a fair comparison, the two
converters with the control techniques are tested under the same
load conditions, and the same switching frequency of 5 KHz for
both experimentation and simulation results. The frequency is
unified between because the highest frequency that the inductor
used in the impedance network can withstand is 5 KHz.

A. Simulation Results

The system model was simulated in a MATLAB/Simulink
environment. To evaluate the results of the control scheme, the
electrical parameters of the designed system are shown in Table
1. The values of the inductors and capacitors of the ZSI and
QZSI networks are calculated depend on the design
consideration of [9]. The current controller gains are set at
K, = 0.3and K; = 100. Meanwhile, gains of the DC-link
voltage controller are -0.005 and -0.83. The response of the
voltage controller is after the response of the inner current
control loop to avoid any coupling of ST duty ratio, Do and
modulation index, m. The DC-link voltage reference can be
calculated from [24]:

1> Vi (perunit) 21-—m (29)
The peak amplitude of the output can be expressed as:
m
Voo = (52— (30)

From (11), If V,, = 492V and m = 0.8 so that v,, = 240V.
Meanwhile, from (10) Ve = 630V which achieves (24).

The overall system performance is tested under different
irradiance levels where the solar insolation is reduced from
1000 W/m? to 200 W/m2 at 0.7 s and then increased to 1000
W/m2 at 1.5 s. The effect of the MPPT is shown in Fig. 15. (a),
in QZSI and in Fig. 5. (b), for ZSI. Figure 16., shows that the
DC-link voltage remains constant in both QZSI/ZSI by the
adopted control technique. It is closed to the DC reference
voltage at all irradiation levels. In Fig. 17, the V., is smaller
than V., in QZSI unlike ZSI in which the voltages of the two
capacitors are equal. In Fig. 18, the unity power factor control is
shown, the network voltage and the inverter current being in
phase with each other. In Fig. 19, the three phases grid voltage
with 120° phase shift is shown. Fig. 20, shows the three phases
inverter current with 120° phase shift. The grid current has low
distortion and is THD for current as shown in Fig. 21. Finally,
Fig. 22, shows the injected power into the grid, which is equal

to 21.5 kW.
TABLE I SIMULATION SPECIFICATIONS OF THE PROPOSED SYSTEM

No. Symbol Value Unit

1 Open-circuit voltage,V,. 64.2 \%

2 Short circuit current, Iy, 5.96 A

3 Switching frequency, F 5000 Hz

4 Inductors of ZSN, L, &L, 1000 uH

5 Capacitors of ZSN, C,&C> 1000 uF

6 Filter,Ls, Cy, Ry 5,10,0.05 mH, pF, Q
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Fig. 19. Grid voltage with 1200 phase shift, a) QZSI, b) ZSI
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Fig. 20. Inverter output current, a) QZSI, b) ZSI
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Fig. 21. Injected power to the grid at radiation 1000 kW/m? from 0.25s, a) QZSI, b) ZSI
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Fig. 22. THD for the grid current, a) QZSI, b) ZSI
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B. Experimental Results

Figure 23 shows the photograph of the experimental test
platform. The experimental results are presented for prototype
ZSI/QZSI based on the listed experimental parameters given in
Table 2. In this case, the modulation index is set at m = 0.7 and
then it is changed to 0.75. Hence, the ST duty ratio is D, = 0.3
and changed to 0.25 in open-loop condition. Both QZSI and
ZSI are verified and tested under the same operating conditions.

The QZSI experimental results are presented in Fig .24.
Firstly, Fig .24(a) shows the DC-link voltage which begins with
value reaches 90V and then drops to 73V due to the decrease in
the value of D,. Also, in the same figure a discontinuous current
is shown. Fig. 24(b), shows the difference between V. and Ve,.
Fig. 24(c), shows a zooming of DC-link voltage signal.
Meanwhile, Fig. 24(d) shows the continuous input current
drawn from supply. It can be noticed that the input current has
high ripples due to the DC source is converted from the AC
source and hence it contains distortions, the inductor which
used in the impedance network on the experimental test is not a
high frequency inductor, and a simple boost pulse-width
modulation method was used in the inverter control. BPWM
uses fixed shoot-through times, which results in the appearance
of low-frequency ripples on the current inductors of the
impedance network. Fig. 24. (e) shows the sinusoidal load
current in phase with output voltage. and two phases sinusoidal
output voltage with 120° Phase shift. Fig. 24. (f, g) show the
Spectrum for Load current and phase voltage.

ZSI results: Fig .25. (a), shows the DC-link voltage begins
with value reaches 90V and then drops to 73V due to the
decrease in the value of Do. Also, in the same figure a
discontinuous current is shown. Fig. 25. (b), shows the
difference between Vcl and Vc2. Fig. 25. (c), shows a zooming
of DC-link voltage signal, Fig. 25. (d). shows the continuous
input current drawn from supply. Fig. 25. (e) shows the
sinusoidal load current in phase with output voltage. and two
phases sinusoidal output voltage with 1200 Phase shift. Fig. 25.
(f, g) show the Spectrum for Load current and phase voltage.
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TABLE II. EXPERIMENTAL SPECIFICATIONS OF THE PROPOSED SYSTEM

No. Symbol Value Unit
1 Input voltage, V;, 30 \%

2 Resistive Load, R;yqq 20 Q

3 Switching frequency, F 5000 Hz
4 Inductors of ZSN, L; &L, 1,09 mH, Q
5 Capacitors of ZSN, C; &C, 470 uF
6 Filter, L¢, Ry 5,0.05 mH, Q

Fig. 23. Photograph of the overall experimental setup. ©
DL1013M2 power supply module, @ QZS dc-link side, ®
LAUNCHXL-F28379D kit, @ Laptop, ® Oscilloscope, ®
Voltage measurements board, @ Three-phase inverter bridge
with current sensors, ® RL load.

VI. CONCLUSION

Based on the presented study, further scrutiny is needed for the
use of QZSI and ZSI in connecting PV systems to the grid. The
study proposes a separate control scheme for the photovoltaic
system, which achieves three objectives: 1) producing the
maximum available power in the solar panel, 2) regulating the
DC link voltage, and 3) ensuring a unity power factor grid
operation. The study analyzes the QZSI operating principles
with control systems and implements a MATLAB/Simulink
model to test both QZSI and ZSI-based PV systems. The
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simulation results prove the correctness of the QZSI operating
principle and demonstrate the possibility of improving the
performance of the grid-connected PV system. The model
achieves some QZSI targets, such as reducing the output THD,
but it suffers from high ripples in the DC-link voltage and a
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small modulation area. Experimental results confirm the
advantages of QZSI in terms of voltage boosting and

overcoming the problems of traditional ZSI, such as
discontinuous input current and high inrush current.
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Fig. 24. Experimental results for QZSI. a) DC-link voltage, and Input
current, b) capacitor voltage, ¢) Zooming of DC-link voltage, d)
Zooming of input current, e) Zooming of load current with two phase ac
voltage, f) THD in current, g) THD in voltage.
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