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Abstract— Inverters are commonly used in high power
applications for induction motors, air conditioners, and
ventilation fans. The use of an inverter can save electricity
consumption and maximize consumption on the compressor.
The compressor runs slowly at night, when there is little or no
activity with the refrigerator. It uses just the correct amount of
energy to keep the refrigerator at the right temperature. This is
where the energy efficiency comes into play, and it may save you
anywhere from 20% to 30% on your electric bill. The purpose
of this project is to design a three-phase inverter for use on
refrigerator compressors. The focus of this project is to generate
and analyze the performance of a three-phase AC voltage that
will be connected to the refrigerator compressor to produce a
maximum voltage of 220 V that gets the current supply from the
socket. In this project, a three-phase inverter is simulated using
MATLAB/SIMULINK software. At the end of the project, a
three-phase inverter successfully produced three-phase voltage
and run for load.

changed, the inverter gain can be modified to generate a
variable output voltage. The amplitude, phase, and frequency
of the voltages should always be adjustable when using a
three-phase inverter to produce a three-phase power source.
[3]. Controllable turn-on and turn-off devices, such as BJTs,
MOSFETs, and IGBTs, can be used in either kind. To
produce ac output voltage of specified frequency and
magnitude, Pulse Width Modulation (PWM) control
is employed.
II. METHODOLOGY
A. Three Phase Inverter
The compression systems are usually designed for
working under maximum load conditions, but most of the time
these plants work under partial load conditions with
compressor on–off cycles regulated by a thermostat [3]. The
compressor of Voltage Source Converters (VSC) based
refrigerators is driven by an electronic power inverter, which
regulates the speed of the motor based on whether the
compartment load is cooling or heating. To reach the desired
temperature, it begins at a low speed and progressively
increases to a maximum power at a high speed. Unlike a
typical AC compressor, which operates at a set speed and
consumes all of the power it generates, VSC inverter circuit
drives the compressor at the proper voltage, conserving
energy. The compressor may then adjust its speed in response
to the temperature outside [4]. The entire system may be made
more efficient by using an electric compressor for the
refrigerator [5]. The most common practice nowadays is to use
three single-phase inverters which share a common dc-bus and
the corresponding dc-bus voltage controller [6]. The inverter's
output voltage and frequency should equal the grid's
frequency and voltage. The output of a grid-connected inverter
may be used as a voltage or current source, and PWM can be
used to control it. [7].

Keywords— Three phase inverter, SPWM, compressor,
refrigerator.

I. INTRODUCTION
Inverters, or dc to ac converters, are classified as a
Voltage Source Inverter (VSI) or Current Source Inverters
(CSI) based on the kind of supply source and the
corresponding topology of the power circuit. An inverter's
purpose is to convert a dc input voltage to an ac output
voltage that is symmetric and has the required magnitude and
frequency. A compressor with inverter-based drive functions
similar to a vehicle accelerator [1]. The optimal frequency for
each working condition is crucial for developing a control
algorithm that allows an inverter to control the compressor
speed continuously [2].
The output voltage can be varied by changing the
input dc voltage while keeping the inverter gain constant;
however, if the input dc voltage is fixed and cannot be
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The inverter is a transformer-coupled design that is
adapted to the compressor's induction motor's low-voltage
high-current characteristic [12].
Fig. 1 The general main system Three Phase Inverter

B. MATLAB Simulink of SPWM Three Phase Inverter
The pulse width modulation technique creates ac output
voltage while the inverter's input is dc voltage [13],[14]. To
do this, the duty ratio of the inverter components is changed.
It delivers the best results compared to other external control
methods. When a voltage source inverter uses PWMswitching techniques, the DC input voltage is typically
constant in magnitude. The objective of the inverter is to
convert this DC input into an AC output with adjustable
amplitude and frequency. The modulation techniques used to
regulate the inverter have a significant impact on the
efficiency metrics of the inverter, such as switching losses and
harmonic reduction. Pulse width modulation be done in
various ways PWM. Because it can directly control the
inverter output voltage and frequency using sine functions, the
Sinusoidal Pulse Width Modulation (SPWM) method was
chosen to regulate the inverter in this design.

A home refrigerator compressor is made of a single phase
induction motor that is powered by a PTCR relay. A variable
speed controller with a single-phase rectifier, a three-phase
inverter, and a Digital Signal Processor that controls the
inverter makes up the system. The three-phase induction
motor and pump assembly are housed in the hermetically
sealed compressor casing. The variable speed controller is in
charge of controlling the motor's speed [8].

The SPWM is widely used in power electronics to digitize
electricity such that a sequence of voltage pulses may be
generated by turning power switches on and off. The simplest
and most commonly used control approach in inverters is
SPWM. Inverters are applied to SPWM methods in order to
provide a sinusoidal output voltage with minimum undesired
harmonics. [15]. The circuit simulation of an SPWM threephase inverter using SIMULINK in MATLAB software is
shown in Fig. 4.

Fig. 2 Variable speed domestic refrigerator drive system [8].

A new technique for improving input power factor in a
three-phase inverter-based variable-speed motor drive
system. The rectifier, as well as the motor and its driving
system, are all involved in improving the power factor [9].
The inverter may be fully integrated into a mechanical or
mechatronic system with such small VSI. VSIs operate in a
hard switched pulse-width modulation mode to keep power
losses minimal. Steep current and voltage changes result,
which are the primary causes of overshoot. Additional
snubbed elements and filters at the supply and output
terminals help decrease these disruption effects. However,
the method's application is limited due to the high cost of the
filter's coils and capacitors. Overshoot and ringing are all
influenced by the speed of current and voltage switching
transitions in power MOSFETs. [10].

Fig. 4 SPWM Three Phase Inverter

The main goal was to provide a variable frequency output
that be supplied to an induction motor for variable speed
control. The SIMULINK method was used to create the
SPWM signal. The VSI circuit was constructed, supplied with
an SPWM trigger signal, and modelled in terms of line-toneutral and line-to-line voltage across an R-L load for a
variable frequency output [4]. Sine pulse width modulation is
the most basic PWM method, and it's frequently used in
industrial applications. In each single-phase inverter, a
sinusoidal current is applied in phase with the phase voltage.
The positive-sequence control technique is another
used control strategy for three-phase inverters. The inverter is
programmed to inject a current in a positive sequence. These
two control techniques will not worsen, but neither will they
improve, and the voltage imbalance [16] , [19]. SPWM uses
variable carrier frequencies to propagate harmonics
continuously over the broadband region so that peak
harmonics are greatly reduced [15].

Fig. 3 Unregulated Dual Polarity power supply [11]

The three-phase connection can be realised by three singlephase inverters or by a three-phase inverter. Each inverter
topology can be implemented with different control
strategies. The control can be equipped with active power
filtering functions which can improve the power quality [6].

A low frequency sine waveform with a desired frequency
is contrasted to a high-frequency carrier triangle wave. When
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the triangle wave's instantaneous value is smaller than the sine
waves, the PWM output signal is at a high level. Otherwise, it
will be relegated to the low level. The level-switching edge is
formed whenever the sine wave hits the triangle wave. [20][28]. The modulation index is the ratio of the modulating
signal to the carrier signal amplitude, which controls the
amplitude of the applied output voltage. The duty cycle of the
output waveform varies because of the various tripping
positions. The pulses created in this manner are received by
the inverter controls [4].

𝑉𝐷𝐶
2
𝑉𝐷𝐶
2
𝑉𝐷𝐶
2

(7)

(𝑀3 ) = 𝑉𝑏𝑛 + 𝑉𝑛𝑜

(8)

(𝑀5 ) = 𝑉𝑐𝑛 + 𝑉𝑛𝑜

(9)

Equation (10) is obtained by combining “(7)” to “(9)”
together.
𝑉𝐷𝐶

III. ANALYSIS OF THREE PHASE INVERTER

2

(𝑆1 + 𝑆3 +𝑆5 − 𝑆4 − 𝑆6 − 𝑆2 ) = 𝑉𝑎𝑛 + 𝑉𝑏𝑛 + 𝑉𝑐𝑛 +

3𝑉𝑛𝑜

Table I shows the inverter's eight switch states. Since
previously stated, both switches in the same leg cannot be
switched on at the same time in order for the circuit to satisfy
the Kirchhoffs Voltage Law (KVL) and the Kirchhoffs
Current Law (KCL), as this would short the input voltage and
violate the KVL.

(10)

Equation (10) becomes because we're dealing with balanced
voltages 𝑉𝑎𝑛 + 𝑉𝑏𝑛 + 𝑉𝑐𝑛 = 0 and using the criteria from “(1)”
through “(21)” .

(1)
(2)
(3)

(𝑆1 + 𝑆4 ) = 1
(𝑆3 + 𝑆6 ) = 1
(𝑆5 + 𝑆2 ) = 1

(𝑀1 ) = 𝑉𝑎𝑛 + 𝑉𝑛𝑜

𝑉𝐷𝐶
6

(2𝑆1 + 𝑆3 +𝑆5 − 3) = 𝑉𝑛𝑜

(11)

When 𝑉𝑛𝑜 is substituted for in “(4)” to “(6)” , the result is
TABLE I: THE SWITCHING STATES IN A THREE-PHASE
INVERTER.
S1
0
0
0
0
1
1
1
1

S3
0
0
1
1
0
0
1
1

S5
0
1
0
1
0
1
0
1

Vab
0
0
-VDC
-VDC
VDC
VDC
0
0

Vbc
0
-VDC
VDC
0
0
-VDC
VDC
0

𝑉𝐷𝐶
3

Vca
0
VDC
0
-VDC
-VDC
0
-VDC
0

𝑉𝐷𝐶
3
𝑉𝐷𝐶
3

𝑉𝐷𝐶
2

(𝑆5 − 𝑆2 ) = 𝑉𝑐𝑛 + 𝑉𝑛𝑜

(13)

(2𝑆5 + 𝑆3 +𝑆1 ) = 𝑉𝑐𝑛

(14)

− 𝑉𝑏𝑛
− 𝑉𝑐𝑛 ]
− 𝑉𝑎𝑛

(15)

This may be expressed as a function of the phase voltage
vector [𝑉𝑎𝑛 𝑉𝑏𝑛 𝑉𝑐𝑛 ]𝑇 as
𝑉𝑎𝑏
1
[ 𝑉𝑏𝑐 ] = [ 0
𝑉𝑐𝑎
−1

−1
1
0

0 𝑉𝑎𝑛
−1] [𝑉𝑏𝑛 ]
1 𝑉𝑐𝑛

(16)

The unknown quantity in “(3)” to “(16)” is the vector
[𝑉𝑎𝑛 𝑉𝑏𝑛 𝑉𝑐𝑛 ]𝑇 , but because the matrix is unique, the
phase voltages cannot be determined via matrix inversion.
The phase load voltages may be expressed as because the
phase voltages sum to zero.

2

(𝑆3 − 𝑆6 ) = 𝑉𝑏𝑛 + 𝑉𝑛𝑜

(2𝑆3 + 𝑆1 +𝑆5 ) = 𝑉𝑏𝑛

𝑉𝑎𝑏
𝑉𝑎𝑛
[ 𝑉𝑏𝑐 ] = [𝑉𝑏𝑛
𝑉𝑐𝑎
𝑉𝑐𝑛

A. The Modulation Technique
The modulating technique is used to choose the states for
generating the supplied waveform, ensuring that only valid
states are used.
𝑉𝐷𝐶
(𝑆1 − 𝑆4 ) = 𝑉𝑎𝑛 + 𝑉𝑛𝑜
(4)
2

(12)

B. Phase Voltage

Table I shows that two of the eight switching states yield
zero ac line voltage at the output. The ac line currents in this
situation can easily flow through either the higher or lower
components. There are no 0 ac output line voltages in the
remaining states. The inverter changes from one state to
another in order to create a specified voltage waveform. As a
result, the ac output line voltages are made up of discrete
voltage values such as -VDC, 0, and VDC.

𝑉𝐷𝐶

(2𝑆1 + 𝑆3 +𝑆5 ) = 𝑉𝑎𝑛

(5)

𝑉𝑎𝑏
1
[ 𝑉𝑏𝑐 ] = [0
1
0

(6)

−1
1
1

0 𝑉𝑎𝑛
−1] [𝑉𝑏𝑛 ]
1 𝑉𝑐𝑛

(17)

which implies

When the “(4)” to “(6)” are expressed in terms of
modulation signals and the conditions “(1)” to “(3)” are used,
the result is
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−1 0 −1 𝑉𝑎𝑏
2
1
1 −1] [ 𝑉𝑏𝑐 ] = 3 [−1
1
1
−1
0

1 𝑉𝑎𝑏
1] [ 𝑉𝑏𝑐 ] (18)
1 0

The number of samples in one cycle of carrier wave (M) is
determined as:
𝑁
M = 𝑠𝑖𝑛⁄𝑚𝑓
(26)

This, when extended, gives phase voltages expressed in terms
of
1
𝑉𝑎𝑛 = (2𝑉𝑎𝑏 + 𝑉𝑏𝑐 )
(19)

F. The Period of One Cycle
The period of one cycle of the carrier wave (𝑇) is calculated
as:
𝑇𝑐 = 1⁄𝑓
(27)

𝑉𝑎𝑛 1
𝑉
[ 𝑏𝑛 ] [0
𝑉𝑐𝑛 1

1
1
−2

3

1
3

𝑉𝑐𝑛 =

−1
3

𝑐

(20)

𝑉𝑏𝑛 = (2𝑉𝑏𝑐 + 𝑉𝑎𝑏 )

G. The Three Phases Sinusoidal
Three-phase sinusoidal voltages are used as a reference.
Because the sinusoidal voltage's displacement varies, each
phase is different. There is no displacement in phase A, 120°
−2π
in phase B, and 240° in phase C. As a result,
can be

(2𝑉𝑏𝑐 + 𝑉𝑎𝑏 )
(21)

.

IV.

substituted with 120, and

SPWM THREE PHASE INVERTER

𝑚𝑖 =

𝐴𝑐

(28)
ωt−2π

)

(29)

ωt+2π

(30)

𝑉𝐴 = 𝐴𝑆 sin (ωt(

3

𝑉𝐴 = 𝐴𝑆 sin (ωt (

(22)

3

)

If the sine wave is sampled into 𝑁𝑠𝑖𝑛 samples (𝑁𝑠𝑖𝑛 = 𝑚𝑓
× 𝑀), where (𝐼) is a counter starting at one and ending at 𝑁𝑠 ,
The following is a rewrite of “(28)” to “ (30)” :

.

B. The Frequency Modulation
The frequency modulation (𝑚𝑓 ) is defined as the ratio of the
carrier wave's ( 𝑓𝑐 ) to the sinusoidal waveform's (𝑓𝑠 )
frequency. Frequency modulation is another name for the
frequency index.
𝑓
𝑚𝑓 = 𝑐
(23)

2π 𝐼

𝑉𝐴 = 𝐴𝑆 sin (

𝑁𝑠

(31)

)

2π 𝐼
−2π
𝑁𝑠

𝑉𝐵 = 𝐴𝑆 sin (

𝑓𝑠

3

2π 𝐼
+2π
𝑁𝑠

𝑉𝐶 = 𝐴𝑆 sin (

C. The Number of Pulses in One Cycle
The fundamental frequency of the output waveform is
determined by the frequency of the reference sinusoidal
wave. The number of pulses in one cycle is determined by the
carrier wave's frequency (n).
n = 𝑚𝑓

3

3

with 240.

𝑉𝐴 = 𝐴𝑆 sin (ωt)

A. The Modulation Index
The modulation index ( 𝑚𝑖 ) is the ratio of the sinusoidal
waveform's (𝐴𝑐 ) amplitude to the carrier wave's amplitude
(𝐴𝑠 ).
𝐴𝑠

−2π

3

)

(32)

)

(33)

H. The Output Phase Voltages
The inverter's output phase voltages are calculated as follows
based on the states of the upper switches (S1, S3, and S5):
𝑉𝑎
2
[𝑉𝑏 ] = [−1
𝑉𝑐
−1

(24)

−1
2
−1

−1 𝑆1
𝑉
−1] [𝑆2] × 3𝑑𝑐
2 𝑆3

(34)

D. Sample period
V. RESULTS

Three phase sine waves with a 120° out of phase are created
in the suggested model. Each sine wave cycle is split into a
specified number of samples (𝑁𝑠𝑖𝑛 ) If the reference signal's
frequency is represented by (𝑓𝑠 ), each sample period 𝑇𝑠 be
calculated as follows:
𝑇𝑠 = 1⁄𝑁

𝑠𝑖𝑛 𝑓𝑠

A. Simulation Result of SPWM.
The simulation of the three-phase inverter circuit is shown
in this part using MATLAB/Simulink software. The SPWM
three-phase inverter simulation result is shown in Fig. 4. The
input of 400 V is fed to the three-phase inverter from the Vdc.
The SPWM circuit is run in MATLAB/SIMULINK
purposely to be used for voltage control of a three -phase
inverter. The circuit is run in MATLAB/SIMULINK
purposely to measure the output voltage.

(25)

E. The Number of Samples in One Cycle
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output as the main function on the inverter. Each output
voltage is capable of reaching up to 150V.
VI.

CONCLUSION

In this paper, it demonstrates the successful generation of
a three-phase voltage by using the single-phase AC voltage
source. Every phase is inline without facing a lagging or
leading effects.
ACKNOWLEDGMENT
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Fig. 5 Principle of operation SPWM

Figure 5 illustrates the fundamental operation of a threephase SPWM inverter. The pulse width modulation of each
set of IGBT/Diode is determined by comparing each of the
three sinusoidal waves to the triangle wave This is a
technique called SPWM. As a result, the widths of pulses that
control the inverter switch can be controlled and
consequently the output voltage
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