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Abstract—The importance of studying inverters in electrical
systems is highlighted by their role as one of the most important
electronic power devices used in numerous applications in
industry, as well as in generation, transmission, and
distribution, most notably in renewable energy generation
systems. An inverter converts direct current power into
alternating current power to power loads or connect solar
energy sources to the grid. Inverters are built using electronic
switches such as thyristors or transistors such as IGPTs and
MOSFET transistors. A number of switches are used to build
the inverter, depending on the type of inverter, whether single-
phase or three-phase. It can also be half-wave or full-wave. The
current study proposed a bridge inverter consisting of six
electronic switches of the IGBT transistor type arranged in two
rows and three columns. To operate the inverter, pulse width
modulation (PWM) technology was used to regulate the inverter
operation and obtain the required output to supply a three-
phase resistive load. In addition, an LC filter was connected to
obtain a pure sine wave. Due to the different and variable
operating conditions and to overcome disturbances, a
conventional control unit was added to improve performance
and raise the efficiency of the system. After conducting the
proposed tests, the possibility of obtaining an inverter that
operates with an efficient system to cover the load requirements
under variable operating conditions was verified.

Keywords—Disturbance Handling; Efficiency Optimization;
SPWM-Three Phase Inverter; PID Controller System.

l. INTRODUCTION

The demand for energy is of paramount importance and a
matter of concern to government institutions, the industrial
sector, researchers, academic institutions, companies, and
other specialists. Providing energy demand from its sources
in a sustainable, safe, less risky, and highly efficient manner
requires concerted efforts and knowledge exchange to
provide advanced and highly reliable systems. Renewable
energy sources of various types are important and of interest
to researchers. Solar energy is one of the most important of
these sources. When used as a source of electricity
generation, the output voltage of the solar source is direct
current, while most loads require alternating current. To solve
this problem, inverters are employed [1]-[3].

Inverters, both single-phase and three-phase, convert a
constant-value direct voltage into a variable-value alternating
voltage. Building an inverter requires selecting the type and
number of electronic switches, the method of connecting it to

the source, and connecting it to the load or grid, in addition
to conducting tests to verify its effectiveness. To operate the
inverter, a mathematical model and simulation model can be
proposed to represent it and analyze its behavior. An
appropriate computer simulation can be proposed. An
operational condition can be established under simulated
conditions suitable for real-time operation. The inverter
connects the load and the source to provide the appropriate
amount to cover the load [4]-[6].

Simulation allows researchers to conduct tests in less
time and modify models more quickly through a simple and
inexpensive process. It achieves the goal of identifying the
behavior of systems according to a process that suggests
different operating conditions. Simulation can enable the
construction and design of multiple models, providing the
possibility of developing appropriate designs. It is also
possible to combine multiple ideas and build suitable models
to conduct tests to verify the effectiveness of the system and
develop a robust computer-aided methodology to identify the
system's capabilities and performance efficiency through
behavioral analysis [7]-[9].

Researchers are always striving to provide advanced and
advanced research by building and designing highly efficient
systems that address operational problems. Due to the
diversity of these problems and the changing system
disturbances and fluctuations, this requires establishing a
foundation by identifying the system's behavior under all
speculative operating conditions. When discussing the use of
electronic switches to build and design a three-phase inverter
to cover an AC load at the specified voltage from an AC
source, this requires a conversion process. To obtain an AC
waveform, a filter is also required. To address fluctuations
and the occurrence of a transient condition, i.e., a potential
error, a sensor must be installed to read the output and
compare it to the reference value. A control unit is then used
to address the error, along with pulse width control
technology to regulate the on-off periods of the electronic
switches to provide the specified voltage to the load. When
the load changes, the control unit helps restore the system to
a stable state and delivers better results than when operating
without a control unit. The control unit also quickly addresses
any waveform distortions in response to address errors
resulting from the transient condition [10]-[12].
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This simulation presents a three-phase inverter power
electronic system to utilize energy resources. Utilizing
energy resources using an inverter requires generating trigger
pulses to operate the power electronic devices and generate a
signal. To generate signals, appropriate circuits using
sinusoidal pulse width modulation (PWM) technology are
required. Switches operate using electronic switching to
change the inverter input voltage from a constant DC current
to a variable AC voltage at the inverter output. The possibility
of using any type of switch, such as a transistor or thyristor,
to construct the inverter can be investigated, in addition to
constructing pulse width modulation technology using a
simple operational amplifier to provide the switching process
through pulse width modulation.

1. METHOD

Power electronics are important devices that are used in
the efficient conversion process within the energy field and
play a major and primary role within energy generation
sources. It is including renewable sources for generating
electrical energy [13]-[16]. Power electronics are of interest
to researchers with expertise through reviewing and learning
about their use in conversion, distribution, transmission, and
connecting them to the grid as well as through control.
Among the renewable sources that electronic energy devices
are linked to are photovoltaic systems, as well as wind energy
systems and batteries as storage units by integrating them
with the grid to improve and organize the systems and reduce
the resulting losses [17]-[19]. The electronic power devices
from which the electronic converter is built consist of
semiconductor materials that are injected with impurities that
work under certain conditions to conduct electricity. Such as
taking silicon and injecting it with phosphorus, which
produces a new atom called an n-type that contains a free
electron and for a second atom, the same silicon atom is
injected with a boron atom, resulting in an atom called a p-
type, which has a free hole [20]-[22]. The resulting elements
help in electrical conduction. When the two elements are
placed close to each other with a neutral area between them
because one of them contains positive charges and the other
contains negative charges, it is called a p-n junction. All
electronic power devices are based on the P-N junction,
including the diode thyristor and transistor. An example of a
BJT transistor is that it has two types (NPN and PNP). There
are two other types of transistors, which are MOSFET
transistors and IGBT transistors. MOSFETS are either N-
channel or P-channel, while the latter combines a normal BJT
transistor and a MOSFET [23]-[25].

Electronics in general deals with power, both small and
high power. Electronic circuits that deal with low voltages
and currents differ from those that depend on high currents
and voltages. When the system requires high values of
electrical quantities, power electronic systems are used. We
rely on systems in which power electronics are used in
applications such as when the available voltage source is an
alternating current source while the load is a DC motor, a DC
motor type, or any other load such as a DC lamp or a battery
charger [26]-[28]. From the previous example, it becomes
clear that there is a problem with the difference in the type of
source current and the type of required load current.
Therefore, it is necessary to think about adding a circuit that

converts the type of current from the source current to the
required load current. This is called power electronics, which
helps in providing the appropriate type and value of the
electrical quantities required to cover the load. In the context
of the example, we need a circuit to convert from alternating
current to direct current, and this circuit is called a rectifier
[29]-[31]. The output of the rectifier is either constant or
variable. Another example is when there is a DC source and
a load that works with the same type, i.e. a DC load that is
suitable in terms of the type of supply current. While here
there is a need to change the speed of the motor and one of
the ways to change the speed requires changing the voltage.
When the source voltage is a constant value while the
required voltage changes to change the speed, you need to
add a circuit that works to provide the required voltage and
this circuit is called a DC - DC converter. It is called a
chopper and this circuit works to convert a constant electrical
quantity into a variable quantity [32]-[34].

An example of this is when the power source is batteries
and the load is a DC motor and the required speed is to
change, so this requires the presence of a chopper circuit [38]-
[40]. It could be a solar energy source that powers a DC
motor, and the required speed change also requires the same
circuit. There is a third case where the source is DC and the
load is an AC motor. This case also requires the addition of a
power electronics inverter circuit [35]-[37]. The inverter
works to convert the type of current from direct current to
alternating current with the possibility of variable the voltage
value or frequency. The variable frequency helps in variable
the speed of the alternating motor and it can be variable by
variable the amplitude, i.e. the voltage value, and it can also
be changed by variable the frequency and variable voltage
together. The fourth case is when a constant value AC source
is available while a variable value AC is required. There is a
method that variable the voltage only and is called a voltage
controller and there is a second method called a cycle
converter that variable the voltage and frequency. From the
above, it was identified that there are four types of power
electronics, which are electronic power transformers that help
change the type of current, the amount of voltage, change the
frequency, and obtain a variable source from a constant
source [38]-[40].

In the current work, tests are conducted to identify the
behavior of the system by proposing the construction and
design of a three-phase inverter that converts direct current
voltage into alternating current voltage. It is possible to obtain
a variable voltage, which allows controlling the inverter
output voltage and frequency according to the required and
appropriate electrical quantities to cover the loads to simulate
real time. The effectiveness of the system is also verified after
verifying the possibility of improving performance by using
pulse width modulation technology in addition to a traditional
PID control unit.

11 THREE PHASE INVERTER WITH PROPORTIONAL
INTEGRAL AND DERIVATIVE (PID) CONTROLLER

A three-phase full-wave or bridge type inverter can be
described as consisting of six electronic switches arranged so
that a wave can be formed for each phase by two switches
and the output is a sine wave with the same value for the three
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phases of frequency and voltage at a stable and equal load.
The mathematical representation of this can be written by
equations one to three to show each phase shifted by an angle
of 30 degrees [41]-[43].

Va(t) = Vm * sin(wt) @)
Vb(t) = Vm sin (Wt _z pi) @)
Ve(t) = Vm = sin (m M pi) o)

In the current study, the use of a conventional PID
controller ina DC to AC converter system using a three-phase
inverter was simulated by tracking the error and robustness
under different operating conditions. After conducting initial
tests of the system, a suitable design for control systems is
developed by building a prototype to determine the behavior
of the system according to the proposed test cases that suit
the real-time operating conditions. To address the
disturbances in the system, controllers are added and the best
ones are selected, and the optimization results are compared.
After conducting the tests, the effectiveness of the system is
verified and a stable system is obtained with appropriate
accuracy, efficiency and reliability [44]-[45].

The conventional type of controller PI, PD and PID is the
most widely used and widespread in most industrial systems.
It is considered successful in its use to control and improve
the performance of linear systems, but it gives poor and
unacceptable performance in non-linear systems. Among the
works that have researched and developed solutions to try to
address this weakness is the work on developing a
conventional self-adaptive controller as well as an adaptive
scheduler controller. While others have searched for better
ways to address the problems resulting from changing the
operating conditions of the system according to theories close
to human thinking, i.e. expert controllers such as fuzzy logic
and neural networks. The expert is a powerful tool that can
be used to design a controller that gives better results than the
conventional one. It can give better response speed than the
conventional one, while you find that it needs a larger storage
unit than the conventional one, and the implementation of the
conventional one is easier compared to the expert one.
Therefore, in linear systems, the conventional one is
preferred, while the expert one is preferred for non-linear
systems. The research contributions were first to develop a
suitable design for a conventional PID controller and another
contribution is to develop the design of the pulse width
modulation technique. A simulation procedure was proposed
to test the effectiveness of the system as well as to determine
the possibility of improvement using controllers and to verify
the effectiveness of the control systems in reducing errors and
restoring the stability of the system with a relatively high
response speed. A three-phase inverter simulation model was
proposed and various tests were conducted [46]-[48].

IV.  SINUSOIDAL PULSE WIDTH MODULATION (SPWM)
TECHNIQUE

Power electronic converters are linked to electrical
power generation systems, including clean and renewable

energy systems, as well as to the grid and electrical energy
storage systems. Power devices work to convert electrical
energy, such as converting a constant voltage to a variable
voltage, as well as converting from alternating to direct and
vice versa. Pulse width modulation technology is a major axis
in reducing harmonics and increasing efficiency, and it is also
used to regulate voltage and improve the performance of the
work of power electronic converters [49]-[51].

There are many techniques used to open and close
electronic switches, including pulse width modulation
(PWM). This technique is considered one of the most
important techniques that work to change the state of
electronic switches used in electronic power converters. It is
available in types including SPWM and SVPWM. Init, a sine
wave and a triangular wave are used with the frequency of
each wave differing from the other, in addition to the
presence of a comparator circuit. The comparator input is the
sine wave and the triangular wave, and thus a trigger signal
or trigger pulses can be generated for electronic switches. In
the current work, the SPWM pulse width modulation
technique was adopted, the effectiveness of its use in
providing the required conversion for a three-phase inverter
can be verified by conducting the proposed tests.

Description of pulse width modulation (PWM)
technology, a power converter connected to the grid or not
connected to the grid consists of one or more sources, some
of which are direct current sources and others are alternating
current sources. The PWM technology generates a series of
pulses that are used to generate an alternating current (AC)
output for a three-phase inverter fed from a direct current
(DC) source. The voltage and frequency of the inverter output
can be regulated according to the switching process by
opening and closing electronic switches such as IGBT, which
is a type of semiconductor. A tuner can also be added that
acts as a filter to modify and shape the inverter output wave,
including an LC pass filter [52]-[55].

V. SIMULATION MODEL OF THREE-PHASE INVERTER
WITH SPWM CONTROL TECHNIQUE

The first part in this simulation model as show in Fig. 1
under the title input voltage source of inverter include,
voltage source type DC with 650 volts. The second is three
phase inverter include six switches by using IGBT as show in
Fig. 2. In Fig. 3 show the simulation model of three-phase
inverter with SPWM control technique that include the three
phase load (R=10 ohm) and the three phase LC filter (L= 5e-
3H & C=200e-6F).

Block Parameters: DC Voltage Source x>
DC Voltage Source (mask) (link)

Ideal DC voltage source.

Parameters

Amplitude (V):

l650

| +

:I—i[

Measurements None w

Fig. 1. Input voltage source of inverter

Cancel Help Apply
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Fig. 3. Simulation Model of Three-phase inverter with SPWM control
technique

VI. SIMULATION MODEL OF Pl CONTROLLER FOR
SPWM-THREE PHASE INVERTER

The first part in this simulation model as show in Fig. 4
under the title controller of inverter include, voltage reference
at 220 volts. The second is Pl Controller with (Kp= 0.0001,
Ki=0.01).

In Fig. 5 show the simulation model of Pl Controller for
three-phase inverter with SPWM control technique that
include the three phase load (R=10 ohm) and the three phase
LC filter (L= 5e-3H & C= 200e-6F).

v

;wl
o

v

e m—

Operator

A

Y

\%

a) SPWM

Discrete
1e-05s.

-

b) PI Controller
Fig. 4. Simulation model of SPWM and PI Controller

Fig. 5. Simulation Model of Pl Controller Three-phase inverter with SPWM
control technique

VII. SIMULATION RESULT OF THREE-PHASE INVERTER
WITH SPWM CONTROL TECHNIQUE

The system is being simulated using the simulation model
in Fig. 3, which represents the first test case, in which sensors
were connected to measure electrical quantities, which were
represented by measuring the phase voltage on the two ends
of the resistive coil of one of the resistors. Another sensor was
also placed to measure the line voltage between the ends of
two resistors, in addition to connecting a third sensor to
measure the current of each of the three phases, as in Fig. 3.
The results showed the phase voltage signal as well as the line
voltage in addition to the current of the first, second and third
phases, as in Fig. 6, Fig. 7, Fig. 8 that show the shape and
quantity of the measured reading.

In Fig. 6 shows that simulation waveform input and
output of SPWM technique. In Fig. 7 shows that VVph with a
run time of 2 s has a start-up value approaching Vph 400 V
but a steady-state value of about 310 V. In Fig. 8 shows that
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VL with a run time of 2 s has a start-up value approaching
VL 600 V but a steady-state value of about 380 V. In Fig. 9
shows that there is a phase difference between the currents
flowing in the three phases with an operating time of 2
seconds that includes a starting value of more than 50 amps
but its steady value is less than 50 amps, about 45 amps.

et
||IH I| ||||I| \HH| IIIIII

Fig. 6. Simulation result of SPWM technique

Fig. 6 shows the operating period of 0.1 seconds while the
sine waveform is one-fifth of the time period, i.e. there are
five waves during that period, and from it the frequency of
the sine wave can be calculated by dividing the time of one
cycle (F = 1/T). In the same way, the time and frequency of
the second wave can be known. In the same figure, the trigger
pulses can be identified, which are the result of those two
waves according to the pulse width modulation technique.
The simulation was carried out using the simulation model in
Fig. 4(a).

500

400

300

H!III[H]!IIIH‘HIIHHHHH,

AR AR R AR TR

Vph(V)

0

mHmmMm.HImrlHln[

0 D.‘Z D.‘4 Dfﬁ D‘E ‘; 1‘2 1‘4 1‘6 1‘\] 2
Time (seconds)

Fig. 7. Simulation result of Three-phase inverter with SPWM control

technique for Vph output Load Voltage at (R=10 ohm)
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Fig. 8. Simulation result of Three-phase inverter with SPWM control
technique for VL output Load Voltage at (R=10 ohm)
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Fig. 9. Simulation result of Three-phase inverter with SPWM control
technique for la, Ib & Ic output Load current at (R=10 ohm)

VIII. SIMULATION RESULT OF PI CONTROLLER FOR
SPWM-THREE PHASE INVERTER

The system is simulated using the simulation model
shown in Fig. 5, which represents the second test case in
which probes were connected to measure electrical
quantities, which consisted of measuring the phase voltage on
both ends of the resistive coil of one of the resistors. Other
probes were also placed to measure the line voltage between
the two ends of the resistors, in addition to connecting third
probes to measure the current of each of the three phases, as
in Fig. 5. The results showed the phase voltage signal as well
as the line voltage in addition to the current of the first,
second, and third phases, as in Fig. 10, Fig. 11, Fig. 12, Fig.
13, which show the shape and quantity of the measured
reading. In Fig. 10 it is shown that there is a gradual increase
in the voltage value Vph with an operating time of 2 seconds
that has a starting value close to Vph 50 V but a steady state
value of about 180 V. In Fig. 11 it is shown that VL with an
operating time of 2 seconds has a starting value close to VL
100 V but a steady state value of about 310 V. In Fig. 12 it is
shown that there is a phase difference between the currents
flowing in the three phases with an operating time of 2
seconds that has a starting value of more than 5 A but a steady
state value of about 20 A. Fig. 13 shows the desired output
signal which corresponds to the reference value.
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Fig. 10. Simulation result of Pl Controller for three-phase inverter with
SPWM control technique Vph output Load Voltage at (R=10 ohm)
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Fig. 12. Simulation result of Pl Controller for three-phase inverter with
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Fig. 13. Simulation result of Pl Controller for three-phase inverter with
SPWM control technique-Vrms output Load Voltage at (R=10 ohm)

To make the comparison, the harmonic values of the
inverter output waves for both current and voltage were
taken, which can be drawn in the following figures:

First, the harmonic values of the inverter output waves for
both current and voltage with three-phase inverter with
SPWM control technique type that show in Fig. 14, Fig. 15,
Fig. 16. Second, the harmonic values of the inverter output
waves for both current and voltage with of PI Controller for
three-phase inverter with SPWM control technique type that
show in Fig. 17, Fig. 18, Fig. 19.

Fundamental (50Hz) = 40.9 , THD= 36.19%

20 - 1

15 .

10 - 1

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 14. THD for Current without PI Controller

Fundamental (50Hz) = 540.8 , THD= 20.69%

T

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 15. THD for VL without PI Controller

Fundamental (50Hz) = 305.8 , THD= 30.94%

T

20 q

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 16. THD for Vph without PI Controller

Verifying the effectiveness of the system is very
important. A reference signal was set that represented the
value of the AC voltage of 220 volts. The simulation results
showed the possibility of obtaining the required output of a
sine wave. The results also showed the difference in the
fundamental wave and the total harmonic distortion of the
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current and voltage waves for the three phases in the case of
a stable system when the resistive load is equal to ten ohms
with a three-phase filter. The values can be obtained from the
table and can be seen in the simulation results. Fundamental
and total harmonic distortion without P1 control, and with PI
control shown in Table | and Table II.

Fundamental (50Hz) = 5.912 , THD= 48.44%

Mag (% of Fundamental)
- - N N w w
o [9)] o (4] o [3,]

o
T
I

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 17. THD for Current with Pl Controller

Fundamental (50Hz) = 75.38 , THD= 25.41%

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 18. THD for VL with PI Controller

Fundamental (50Hz) = 44.23 , THD= 32.78%

Mag (% of Fundamental)
>

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Fig. 19. THD for Vph with P Controller

TABLE I. FUNDAMENTAL AND TOTAL HARMONIC DISTORTION WITHOUT
Pl CONTROL
Fundamental Total harmonic distortion
(50Hz) Current Phase Voltage Line Voltage
49.9 THD=36.19%
540.8 THD=20.69%
305.8 THD=30.94%

TABLE Il. FUNDAMENTAL AND TOTAL HARMONIC DISTORTION WITH PI

CONTROL
Fundamental Total harmonic distortion
(50Hz) Current Phase Voltage Line Voltage
5.912 THD=48.44%
75.38 THD=25.41%
44.23 THD=32.78%

IX. CONCLUSION

In the current simulation, we obtained results for the
proposed test cases for the inverter's input and output
waveforms, representing the source current and voltage and
the load current and voltage over the entire operating period
to understand the inverter's behavior. The simulation results
showed the effectiveness of the proposed system model, and
it is recommended for use in practical applications, such as
renewable energy systems, power electronics, or industrial
automation. A conventional Pl controller is presented to
improve the performance of a three-phase inverter using
simulation and after conducting the proposed tests for two
basic test cases. The first test case without PI controller and
the fundamental wave and total harmonic distortion were
analyzed according to the results obtained from the tests of
the proposed model. The test results show the weakening of
harmonics which indicates an improvement in THD through
its significant decrease. The effectiveness of the system was
verified by obtaining an AC waveform of the three-phase
inverter output. The system was also optimized and the
possibility of obtaining the required output with a reference
voltage of 220 V was verified. The results showed the
possibility of applying the model in real time. From the first
and second tables, the difference between using the system
with or without the control unit can be observed, as the
simulation results show first that for the current, the factorial
is 49.9, while the total harmonic is 36.19%, which is a high
percentage because the factorial is high compared to the
second case, when there is a control unit, the factorial value
is low, 5.912, and the total harmonic percentage is 48.44%,
and when calculating it, it is less compared to the other.
Where the first without control (49.9, 540.8, 305.8) is higher
than the second with the control unit (5.912, 75.38,44.23 ),
and thus the comparison can be made using the remaining
values for the phase and line voltage as well.
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