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Abstract: -This study aims to enhance the efficiency of a conventional inverter by analyzing
a Z-source, four-switch, three-phase system connected to a PV generator. This system allows
the transmission of electricity to the power grid. In addition, this inverter is more efficient
due to its integration of the booster chopper and inverter functions into a single stage. We
also employed a space-vector pulse-width modulation (S.V.P.W.M.) control approach to
regulate the F.S.T.P. and Z-source inverters. We enhance the Z-source network by adding a
shoot-through state, which reduces Total Harmonic Distortion (THD) and improves
efficiency. The solar generator (G.P.V.) achieves its maximum power output through fuzzy
logic and the highest Power Point Tracking (MPPT) approach. We generated simulator
results using the M.A.T.L.A.B. Simulink software to assess the validity of the proposed
research.

Keywords: Z-source four switches three-phase inverter, photovoltaic generator (G.P.V.),
shoot-through State, PWM Control, MPPT technique, fuzzy logic.

1. Introduction

Integrating solar energy into the power grid presents technological challenges due to the
intermittent nature of renewable energy sources. The characteristics of solar energy are
diverse. The inclusion of solar energy into the electricity system presents technological
challenges due to its sporadic and unpredictable characteristics, complicating its integration
into the electrical grid [1, 2]. Because it is subject to variations, implementing appropri
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adaptation strategies is required to ensure that this resource is effectively used for various
applications and that high-quality energy transfer is achieved. In modern electrical energy
conversion devices, static converters and control systems are necessary to overcome these
issues. [3, 4, 5, 6]. Converting the variable output of solar panels into electricity that is
adequate for power converters. To guarantee a high level of conversion efficiency,
trustworthiness, and consistency in the energy supply, control systems play an extremely
important role[7,8,9]. The Z-source inverter has effectively resolved the challenges of
conventional voltage source inverters (V.S.I.) in power conversion applications, including
DC-AC, AC-DC, and DC-DC. [10,11]. The primary circuit of the linked to the power supply
via a unique impedance network, which provides characteristics absent in conventional
Voltage Source Inverters (VSI)[12,13,15].Implementing a four-switch three-phase inverter
(F.S.T.P.L.) significantly decreases the presence of harmonics, electromagnetic interference,
and common-mode noise. As a result, it is well-suited for adjustable induction motor drive
systems and surpasses traditional Voltage Source Inverters (V.S.1.) in This unique approach
has also enhanced DC-to-AC voltage amplification and conversion in fuel cell devices. The
present research focuses on analyzing the performance and efficiency of a new topology that
combines a Z-source inverter with F.S.T.P.I.

2. Modeling of PV panels and MPPT Control
2.1. Modeling of PV Panels

Photovoltaic (PV) cells consist of numerous P-N junctions capable of converting light into
electrical energy. The fundamental properties of PV cells resemble those of diodes. The basic
circuit of a typical PV model has a photocurrent, a diode, a parallel resistor for leakage
current, and a series resistor that shows how much the current flow is resisted inside. [1,7]
Figure 1.
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Figurel: PV module equivalent circuit
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The voltage generated by a photovoltaic (PV) cell is directly influenced by the size of the
current generated by light. This current, in turn, is influenced by the temperature and the
intensity of the solar radiation. There is potential of showing the relationship [9, 19, 20]:

T, Iph+lp-I

V=""In — R, (1)

0

Where:

Lyn: Photo Current is defined by:

In = [Ise + Ki(T. + Tyef)| *H ()

I,s: Reverse Saturation Current is presented as:

ICS
Ls=—we - Q)

qVoc
€XPN kAt

Iy: Diode Saturation Current is established:

o =Is* e | (522) < (7) - G @

I: Output current is given by:

lpw = Nplpn = Nplo [exp (22225 — 1](5)

2.2. MPPT Control Technique

2.2.1The Principe of MPPT Techniques

Maximum Power Point Tracking (MPPT) control facilitates the continuous extraction of
optimal power from a photovoltaic (PV) generator, per its definition. Irrespective of varying
weather conditions, such as temperature and irradiation, as well as battery voltage or load
fluctuations, the converter control ensures that the system consistently operates at its
maximum efficiency point [21, 22]. Figure 2.

A DC/DC converter is utilised within the control section of the photovoltaic system due to its
ease of manipulation via duty cycles using a PWM signal. In our study, a boost chopper is the
power interface, which the MPPT controller regulates. The objective is to adjust the chopper's
output voltage to align with the voltage requirements of the load. [22,23].
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Figure2: Circuit diagram of a Boost converter

A) Perturb and Observe (P&O) method

This approach introduced a perturbation to the current voltage applied to the module. This
voltage fluctuation alters the power output. Additional disturbance towards lower voltages is
necessary to reach the maximum power point (M.P.P.). Therefore, the algorithm will
gradually approach the Maximum Power Point (M.P.P.) through multiple perturbations. The
diagram below encapsulates the essence of this notion [1, 2, 5].

Sense Ipy, Vv and calculate power

y
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Figure 3: P&O algorithm
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2.2.2 Implementation of Fuzzy Logic MPPT Algorithm

To use the MPPT strategy based on fuzzy logic, it is not necessary to know the system
model. For the fuzzy logic controller, the system error (E) and the change in error (C.E.) are
the inputs considered. The equations that follow define E and C.E. [17,20,21]:

B =5 + 5= =2 ®
CE(k) = E(k) —E(k — 1)(7)
With:AI = I(k) — I(k — 1)(8)
AV =V (k) —V(k — 1)(9)

The fuzzy logic structure :

(D)

and change of :
¢

@8> Ssubsystem for
Lo generation of error (E) /m
- N error (CE)
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Figure4: External block view of the fuzzy logic algorithm.
2.2.3The setting of fuzzy rules

Table 1: Fuzzy rules base

NB |[NM [NS |ZE |PS |PM |PN

NB |[NB |[NB |[NB |NM |[NS |ZE

NB |[NM |[NM |[NM |NS |ZE |PS

NB |[NM NS |[NS |ZE |PS |PM
NB |[NM [NS |[ZE |(PS |PM |PB

NM NS |ZE |PS |PM |PM

NS |ZE |[PS |PM |PM |PB

ZE |PS |PM |PB |PB.|PB.
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3.Analysis of Z-source network

The Z-source inverter is used to address the issues found in traditional inverters and utilises a
unique impedance network that connects the inverter's main circuit to the power source. This
inverter has unique features compared to conventional sources [24, 25].
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Figure6: The equivalent circuit of the Z-source inverter viewed from the DC link

We assume that the inductors (Li and L») and capacitors (C; and C,) have the same
inductance and capacitance values, respectively, from Figure .6.

Vii=V, =V,
and (10)
Ver=Vea = V¢

The Z-source network uses two modes of operation to achieve boost and inversion in a single
stage.

a-Shoot-through state (S.T.S.)

The Z.S.1. advantageously uses the shoot-through states to boost the DC bus voltage by
gating on a phase leg's upper and lower switches. [ 10,12,26]

Ll
+
+
. v,

Figure 7:Equivalent circuit shoot-through zero state of the Z.S.1.

As a result, the capacitor voltage is boosted during this state, the sum of the two capacitor
voltages is greater than the DC source voltage (Vci+Vea> Vo), the diode is reverse-biased,
and the capacitors charge the inductors. The voltages across the inductors are
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The inductor current increased linearly, assuming the capacitor voltage was constant during
this period. Because of the symmetry (Li=L.=L) and (C;=C,=C) of the circuit,
(VLi=V12=V1), (IL1=I1>=Ir) and (Vc1=Vc2= V) [3,6]

This means,
Ve=V,,Vp=2VcandV; = 0 (12)
b- Active state (Non-shoot-Through State)

The inverter is in a non-shoot-through state, and the inductor current satisfies the following
equation [1,3]:

I, >1 (13)

Figure8: The Z.S.1.'s equivalent circuit non-shoot-through zero state

Because of the symmetry of the circuit, the capacitor currents IC; and IC, and the inductor
currents IL; and IL, should be equal. In this Mode, the input current from the DC source
becomes:[13,14]

Im=Ip+leg =l +l, - =1 ->0 (14)
Therefore, the diode is conducting, and the voltage across the inductor is.

V=V -V, (15)
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3.1.Four Switch Three Phase Inverter (F.S.T.P.1.)

The main power circuit of the F.S.T.P.I. fed resistive load is shown in Figure 9; four
switches, qi, q2, g3, and g4, and DC link capacitors C; and C; are employed in this circuit.
Phases « a » and « b » are taken from the legs with the switches. Phase « ¢ » is connected to

the midpoint of the two DC-link capacitors [27,9]

The assumed stiff voltage available across the two DC-link capacitors is:

Vac
Ver =V = Td(16)

Where Vg corresponds to a stiff DC-link voltage, and V1, V2, and V3 pole voltages depend
on the switching states of the power switches in the inverter, which can be expressed in terms
of the binary variables qi and q2 and the DC-link voltage as follows:

Vac
Vi =2q, —Td (17)

Vic
Vy = 2q; —Td(lg)

V=0 (19)

Figure9: Three-Phase Four-Switch Inverter

Table 2 Switching Functions and the Output Voltages of

ohi
Swi C. e Switch on Output Voltage Vector
Function
Tl ={q1,
01 az T3 = q, 41 V2 V3
T, =T,
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0 0 Tz T4 - Vdc - Vdc 2 Vdc
3 3 3

0 1 T, Ts Vi | Vg O

1 0 T, T, Vie —Vg O

1 1 T, T, Yoo Vae | Z2Vac
3 3 3

The entries in the table are related to the output voltage vector corresponding to each

switching function

4.Results

Despite rapid temperature fluctuations, the P&O algorithm effectively controlled the
Maximum Power Point (M.P.P.). The controller efficiently monitored and upheld the new
M.P.P. Figure 10. The observed minor reduction in power from the solar panel to the boost

converter output is mostly attributable to switching losses and losses in the inductor and
capacitor of the boost converter. We noted anomalies in the fuzzy-logic controller's
photovoltaic voltage and power output. The swift reaction of the FLC produced these

problems. Nonetheless, these disturbances do not influence the setting time, which is shorter

than the P&O duration.
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Figure 10: MPPT Results.
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The voltage waveform from the line to neutral, shown in Figure 11 (a), shows Van with an
R.L. load (R=10 Q, L=1 mH) and a modulation index (MI) of 0.8. The wave has a
complicated shape because of the strong, higher-order harmonics (5th, 7th, and 11th). The
sinusoidal shape is complex owing to the high-amplitude, higher-order harmonics (5th, 7th,
and 11th).

Figure 11 (b) illustrates the waveform of the three-phase current output produced by the
F.S.T.P. Z source inverter. The output generally exhibits a sinusoidal shape, which is
attributed to the accurate control technique and the limited number of switches. However,
minor disturbances were present owing to the presence of higher-order harmonics.
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Figure 11: F.S.T.P.Z.1. outputs and FFT Analysis

Volume 49 Issue 2 (June 2025)
https://powertechjournal.com




- Power System Technology

Y~ ISSN:1000-3673

Received: 06-04-2025 Revised: 15-05-2025 Accepted: 05-06-2025

In Figure 11(c), high-order harmonics are present and can be eliminated by incorporating a
primary low-pass filter. This enhances the Total Harmonic Distortion (THD). The design of
this filter will be discussed in the upcoming chapter, which will connect the F.S.T.P. Z-source
inverter to the power grid.

Figure 12 shows the process of generating electricity from a PV system and delivering it to a
3-phase power grid. The system contains a 100 kW PV Array, Boost converter with MPPT
(P\&O) connected to an F.S.T.P. Z-source inverter and VSC, an RC Filter, transformer 100
KWA 250 V/25 KW, and a three-phase power grid.
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Figure 12: Model F.S.T.P. Z-source inverter and VSC connected with power grid

The simulation results show that the FSTP ZSI can produce a smooth sinusoidal load current
without needing a filter, with a total harmonic distortion (THD) of 4%. This is a significant
achievement considering the absence of a filter. In addition, the results confirm that the
output voltage aligns with the design analysis. We successfully linked the PV and F.S.T.P. Z-
source inverter to a power grid and compared its performance with the traditional VSC.
These findings indicate that the F.S.T.P., when equipped with a basic R.C. filter, the Z-source
inverter outperformed the VSC with respect to distortion (THD). Specifically, the F.S.T.P.
The Z-source inverter achieved a THD of 0.3%, whereas the VSC recorded a THD of 6%,
which is even worse than the results obtained from the F.S.T.P. Z-source inverter without a
filter. The F.S.T.P. Z-source design showed it was better in terms of being affordable, smaller
in size, easier to control, having less power loss, being able to handle changes from the
MPPT controller, and its ability to increase voltage.
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5.CONCLUSION

This paper introduced a new three-phase inverter topology, the F.S.T.P.I., which reduces
harmonic distortion very well, as well as the operating principle of the z-source inverter and
optimal management technique. The input voltage can be increased without a step-up
converter with a z-source inverter. Moreover, we established a connection between a
photovoltaic (PV) system and a floating-switch three-phase (F.S.T.P.) The Z-source inverter
uses a Space Vector Modulation (SVM) technique and is integrated with a power grid. The
results demonstrate the seamless integration of these blocks, as evidenced by the sinusoidal
waveform of the voltage and current entering the Grid from the F.S.T.P.I. Furthermore, the
power quality is nearly ideal compared with the conventional VSC, indicating that achieving
a superior output would require the implementation of a significantly costlier filter.
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