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ABSTRACT KEYWORDS
A novel control drive for a switching reluctance generator (SRG) driven | Z-Source Inverter,
by a wind energy system is introduced in this work. For the first time, a | DC Power Supply
model predictive control (MPC) technique is used to regulate the SRG in | Systems, Power
order to deliver the required voltage applied to the phase winding being | Conditioning, DC-
fed by a z-source converter. Another MPC technique is utilized to run the | DC Converter, and
converter immediately in order to as rapidly as possible follow the | Wind Systems
reference voltage of the segment before. In order to account for the SRG's
nonlinear characteristics, the flux linkage and electromagnetic torque
have been produced from the machine's finite element analysis and
applied to the model. The generator's output power is enhanced in three
different ways by this novel drive. Minimizing the phase current's rise-up
time, keeping it in flat-top mode at all speeds, and making the most of the
phase inductance's producing zone, or negative slope area. After the
complete system is modelled in MATLAB-SIMULINK, the effectiveness
of the recommended strategy is evaluated using the simulation results.
There are several different topologies for permanent magnet generators,
including radial flux, axial flux, and transverse flux PMGs. Due of the
permanent axial flux generator's intricate design, large wind turbines
cannot use it. Due to the simple design of the radial flux PMG, the
manufacturing of many poles may be easily accommodated in the size of
wind turbines. In order to overcome this problem, the research project
recommends a unique topology quasi-Z-source Matrix converter-based
DC/DC that uses a zigzag transformer. It is simulated and contrasted with
other existing DC-based Z-source converters. DC will be certified from
the start of the power supply unit in DC power supply systems.
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Introduction

The fast depletion of conventional energy sources is a result of increased consumption rates. More
energy sources are therefore required as a result. Wind power is the most alluring of all unconventional
resources because of its adaptability. A lot of research is now being done on merging wind energy.
The mechanical compression, negative energy input, etc. are all included in the fixed wind speed
conversion system [1]. Direct Driven Wind Energy Conversion Systems (DDECS) with permanent
magnet generators are used in the most recent wind turbine generator installations; nevertheless, the
three-phase power conversion method used by these systems results in considerable conversion losses.
This study's primary objective is to decrease this conversion loss by minimizing the number of stages
required for energy conversion. Since conventional energy sources like oil, gas, and coal have run out
during the past 30 years, renewable energy sources are receiving greater attention these days. The most
significant renewable energy systems are thought to be those that use wind and solar energy [2]. A
significant source of renewable energy sources in emerging nations is the wind energy conversion
program, in particular. According to the Indian Wind Energy Association Report, India has 1,02,788
MW of wind energy. The installed capacity, however, is just 23,499 MW. As a result, the installed
volume and the current power are vastly different. Additionally, modern wind turbine generators are
unable to provide power in light winds. Traditional generators can produce power at speeds between
600 and 2000 rpm, whereas conventional wind turbines are made to work at speeds between 20 and
200 rpm. Therefore, the only device that can link the turbine and the generator is the gearbox. The
fixed wind speed conversion system includes the mechanical compression, negative energy input, etc.
[1]. The most recent wind turbine generator installations use Direct Driven Wind Energy Conversion
Systems (DDECS) with permanent magnet generators; Consequently, the machine will be bigger in
size. These generators also have relatively poor power factor and efficiency. They also need
sophisticated braking techniques and significant beginning torque [3].

The price of permanent magnet materials is currently being reduced, which makes them more desirable
as permanent magnet generators DDWECS. Because a permanent magnet generator (PMG) may be
built without a DC source to excite the field because it always performs more efficiently than
traditional generators. Because PMG is compact and has a high flux density (up to 1.4 tesla), it can be
built with several poles in a small area. Due to its smaller weight, PMG has a lower starting and
operating torque need and can generate power at low wind speeds. PMG velocity may be readily
calculated by multiplying the frequency of PMG produced by the quantity of poles. As a result,
installing the sensors for Maximum Power Point Tracking (MPPT) is simple [4]. However, to function
at very high points, most generator types need a position sensor and complex vector control algorithms.
Wind speed causes a continual change in the voltage and frequency of direct drive turbine generators.
To manage the voltage, optical power circuit circuits are necessary. Many electrical power-based
topologies are already in use in DDWECS. By Ismail et al., the control Z-source matrix converter has
been introduced (2019The ZSMC is controlled via model predictive control. MPC models are used to
forecast future values of topology parameters like as capacitor voltage, inductor current, and load
current. We were able to keep an eye on the controlled variables' reference values thanks to this
technique. Because of the uneven distribution of shoot-through placement, switching stress and losses
are increased [5]. Power conversion has a new form of converter called a Z-source converter (ZSC),
which was launched in 2002 and has special capabilities that can get around VSI and CSI's drawbacks.
Implementing dc-to-ac, ac-to-dc, ac-to-ac, and dc-to-dc power conversion using a Z-Source Inverter
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or impedance source (or impedance-fed) power converter and its control technique. The Z-source
inverter (ZSIAC )'s voltage may potentially be regulated to any value between zero and infinity. The
power circuit was given the term Z-source converter to set it apart from other traditional VSI and CSI.
L1

. Y)Y .

 Z network

Figure 1 depicts a Z-source converter typical setup [6].
Figure 2 displays a condensed equivalent circuit for a voltage source-based ZSC. In the simplified
circuit, the VSI inverter bridge is seen as an equivalent current source or drains connected in parallel
with an active switch S2.

s/ o C*)

Figure 2 shows the equivalent circuit for a Z-Source Converter based on a voltage source.
The shoot-through condition, unlike a typical VSI, is not detrimental and has been used in ZSI. The
study shows that the shoot-through state, as opposed to the non-shoot-through state, controls the
system's buck-boost factor. By combining the boost factor with the typical modulation index M of
VSI, one can derive the DCAC buck-boost factor.

1. Problem Statement

In a Z-source inverter, two parameters must be modified to get the required output AC voltage. The
modulation index is the first, and it is present in conventional voltage source inverters as well. The
second variable, known as the boosting factor, is the shoot-through time [18]. The boosting factor can
theoretically take values between one and infinity, while the modulation index can take values between
zero and one. Therefore, when they are multiplied, the output voltages are all at the required values.
When building single-phase Z-source inverters and their control schemes, these two characteristics are
taken into account. The modelling, simulation, and control methodologies for achieving dc-to-ac
power conversion using a single-phase Z-source inverter are presented [19]. The Sinusoidal carrier-
based PWM and Simple Boost Control methods are two different pulse width modulation (PWM)

Page |37 www.americanjournal.org



American Journal of Technology and Applied Sciences
Volume 13, June, 2023

control strategies that are described. In a MATLAB-Simulink environment, the design of Z-source
inverter modulation and simulation are performed. Based on simulations performed in
MATLAB/Simulink, these strategies are discussed in depth and contrasted. With modulation index
and switching frequency, the Z-source element's harmonic profile, output voltage, current, and ripple
all change. Additionally, it emphasizes how shoot-through status impacts standard and Z-source
inverters. Similarly, there are two distinct applications. The first is based on a photovoltaic (PV)
system's performance and simulation analysis using the Z-Source inverter [20].

2. Simulation and experiment results

Utilizing a Z-source inverter and MPRVS-based P&O MPPT, the proposed hybrid PVV-Wind microgrid
is put to the test. The suggested hybrid microgrid is built on a real-time platform called dSPACE, and
Figure 3 shows how its practical structure has been constructed. The MPRVS-based P&O-based
MPPT, which uses the current and voltage sensors LV-25P and LA-25P to measure the PV panel
parameters VPV and IPV, respectively, controls the SEPIC converter. Utilizing a power quality
analyzer (FLUKE 43B), the power factor coefficient and THD are assessed while taking into account
the key converter components, including the IGBT (IRG4PH50U), diode (Freewheel RHRG30120),
driver circuit (HCPL 3120), and others. The wind turbine generator used in the system is a permanent
magnet synchronous generator (PMSG), and the DC motor is mechanically connected to it By
adjusting the wind turbine's characteristics, the switched mode power converter causes the wind
turbine to have fluctuating wind speed, which generates the necessary mechanical torque.

PMSG Based Wind / \
emulator

Figure 3 Created an experimental setup for the proposed hybrid mlcrogrld system using the dSPACE
platform real-time digital simulator.
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The following converter parameters—L1 = L2 = 2mH, C1 = C2 = 20F, and capacitors C3 and C4—
are chosen at random for a particular input voltage of 70V. The capacitors C3 and C4 may have
different values, such as 1.5 F, 15 F, or 150 F. DC / DC is referred to above. With a frequency switch
of 20 Khz, three separate switching systems, and a modulation indicator with a value of 1, topology
and simulation are carried out. Tables 1 through 8 show the power assigned to capacitors C3 and C4
for a double voltage reset circuit as well as the DC output voltage achieved from these DC/DC
converters. To exhibit the potential for experimental testing of the suggested solution as shown in Fig.
10, the prototype of the investigated topology has been built and tested (a). In place of the grid, the
previously discussed topology feeds a local resistive load. The prototype features an induction motor,
a variable frequency converter, a dual-star PMSG, a single set of six pulse diode rectifiers, a single-
phase double-input Z-source inverter, and a PCI-1716 data collection board (DAQ). The dual-star
PMSG prototype was driven by an induction motor that was provided by a variable voltage, variable
frequency (VVVF) driver. Table 1 displays the tested dual-star PMSG parameters in accordance with
the laboratory prototype.

Table 1 shows the output DC voltage for a two-level Z source inverter-based DC/DC converter

for different values of capacitors C3 and C4 for various switching schemes.

Capacitor Output DC Voltage (in volts)

Values (C3and Simple Boost Carrier-based
C4in pF) PWM PWM SVPWM
15 105.7 137.7 107.4
17 108.9 178.7 109.5
180 89.7 98.41 96.74

Output DC Voltage (in volts)
200
180
160
140

120
100
80
60
40
20
. —
SVPWM
Simple Boost PWM Carrier based PWM
Capacitor Values (C3 Output DC Voltage (in volts)
and C4 in uF)

MW Seriesl M Series2 Series3
Figure 4 Obtained output Dc voltages for a one-level AC source and a two-level Z source.
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Table 2: Two-Level Z Source Inverter-Based DC/DC Converter Capacitors C3 and C4 Voltage
Stress Shared by Capacitors

Capacitor Values Voltage Shared by Capacitors C3 and C4 (involts)
(C3and C4 in pF)
Simple Boost Carrier-based SVPWM
PWM PWM
15 (58.05V, (47.88 (58.22 V,
47.58V) V,67.48V) 57.25V)
15 (64.257V, (48.87 V, (67.27 V,
52.98 V) 65.90 V) 45.26 V)
150 (47.11V,41.19 (61.68 V, (47.48V,
V) 48.97 V) 43.28 V)

160

140

120

100

80

60

40

20

Shared Voltage Between C3 and C4 Capacitors

Simple Boost PWM Carrier based PWM

Capacitor Values (C3 and

C4 in uF)

Output DC Voltage (in volts)

B Seriesl M Series2 M Series3

SVPWM

Figure 5 DC/DC Converter Based on a Two-Level Z Source Inverter
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Table 3 demonstrates the output DC voltage for a single-phase quasi-Z source network-based
DC/DC converter with various values for the capacitors C3 and C4.

Capacitor Values Voltage Shared by Capacitors C3 and C4 (involts)
(C3and C4 in pF)
Simple Boost Carrier-based SVPWM
PWM PWM
15 (52.74 V, 679V, (58.99 V,
52.81V) 54.76V) 64.45V)
15 (54.33 (58.51V, (57.74
V,61.81 V) 61.87 V) V,63.02V)
150 (32.09V, (41.55V, (36.71V,
34.56 V) 45.96 V) 37.96 V)

Output DC Voltage (in volts)
160

140

120

100
80
60
40
20
.

Simple Boost PWM Carrier based PWM SVPWM

Capacitor Values (C3 and Output DC Voltage (in volts)
C4in pF)

M Seriesl M Series2 M Series3

Figure 6 Output DC voltage for a single-phase quasi-Z source network-based DC/DC converter
with various values for the capacitors C3 and C4.

Page |41 www.americanjournal.org



American Journal of Technology and Applied Sciences
Volume 13, June, 2023

Table 4: a three-phase DC/DC converter using a quasi-Z source network, an isolation
transformer, and capacitors C3 and C4 that share voltage stress.

Capacitor | Voltage Shared by Capacitors C3 and C4 (in volts)
Values (C3and| simple Boost Carrier-based SVPWM
C4inpF) | pwM PWM
1.5 (53.1V, (42.85V, (56.13 V,
44.81V) 61.74 V) 47.53V)
15 (62.23 V, (43.45V, (59.05V, 44.54
49.56 V) 59.37V) V)
150 (42.59V, (38.84 V, (42.43V,42.92V)
41.42 V) 34.47V)
Output DC Voltage (in volts)
1200
1000
800
600
400
200
0 —
Simple Boost PWM Carrier based PWM SVPWM

Capacitor Values (C3 and Output DC Voltage (in volts)

C4 in puF)

M Seriesl M Series2 Series3

Figure 7 A three-phase DC/DC converter using a quasi-Z source network, an isolation transformer,
and capacitors C3 and C4 that share voltage stress.

The capacitor value used for the voltage doubler rectifier circuit has an impact on the output voltage
dc of DC/DC converters, as indicated in the tables above. It can be observed that the power-sharing
between capacitors C3 and C4 is almost equal if the capacitor value chosen is 150 F. When compared
to prior DC/DC-based Z-based converters, the proposed three-phase DC/DC source network with a
zigzag transformer and VDR delivers a significant output power output. The two winding sets from
the tested dual-star PMSG's no-load phase voltage waveforms at a rotor speed of 60 RPM . The figure
demonstrates that two winding sets' phase voltages have the same amplitude and a 30 electrical degree
phase change. The Z-input network's DC voltages are about 45 V when the load is connected to the
inverter. The output voltage of the Z network is shown; vi values range from 0 to 56. When compared
to the DC voltage input, the voltage's magnitude increases by B = 1.25. The experimental inverter's
output voltage, Vo, is shown. When measured, three levels fall between 0 and 56.

The capacitor voltage of the Z-network (VC). It is nearly 34 V. The THD of the output voltage (Vo)
was found to be around 65% using a power analyzer. A few examples are the speed of the wind, the
speed of the rotor, the active power injected into the grid, the q axis of the current injected into the
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grid, the capacitor voltage of the Z-network (\Vc), and the output voltage of the Z-network. The
simulation results validated the performance of the proposed dual-star PMSG model and the control
system capabilities of power electronic converters. Additionally, the experimental outcomes confirmed
the effectiveness of the suggested inverter and dual-star PMSG in boosting voltage and producing the
necessary output voltage waveform.
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Figure 8 Experimental findings for the suggested system, a representation of the experimental
prototype, b the dual-star PMSG output voltage, ¢ the Z network output voltage, and d the inverter
output voltage.

CONCLUSION

The topological research of the ZSI source inverter topology described in this paper is conducted using
complete simulations. These simulations have several advantages over other ZSI subjects, including
improved development capabilities and excellent waveform quality. It is also being tested to use a
different Z source with an inverter-based converter architecture. According to the simulation test
compared to other conventional Z-based ZO-based topologies, a three-phase quasi-Z-based network
converter based on DC / DC flexible zigzag has a stronger converter. Any power setting unit may use
the Z source view, and it has been demonstrated that the modelling and simulation of a Z-network with
a single-phase full bridge inverter is provided in the MATLAB-Simulink environment, from which
several Z-source conversion modes can be generated to validate the design parameters. Simple Boost
Control and Sinusoidal carrier-based PWM are recommended as two PWM control methods. Based
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on simulations performed in MATLAB/Simulink, these strategies are discussed in depth and
contrasted. With modulation index and switching frequency, the Z-source element's harmonic profile,
output voltage, current, and ripple all change. Additionally, it emphasizes how shoot-through status
impacts both standard and Z-source inverters. The successful presentation of two separate applications
is similar. The first application is based on the performance and simulation study of a photovoltaic
(PV) system based on the source inverter.
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