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Abstract: Technological developments in this world are growing quite rapidly, one of which is the development of the use of electric
motors. There are many types of electric motors today, for example asynchronous electric motors or often called induction motors.
In its use, asynchronous motors are widely used on an industrial scale. As time went by, asynchronous motor control itself also began
to develop, starting from mechanically using switches to using inverters. The use of a three-phase IGBT inverter to control a three-
phase asynchronous motor will be discussed in this research. The inverter control itself will use the SPWM topology, where the
SPWM topology has advantages over the PWM topology. Apart from that, this research will use a single chip three-phase bridge
driver IR2132 as the IGBT driver. This IC has advantages, one of which is that it has an internal deadtime, where deadtime is very
necessary in controlling the three-phase inverter so that short circuits do not occur between the legs. This research shows that with
a certain DC Link input voltage, it is possible to regulate a three-phase asynchronous motor using SPWM topology to control an
IGBT inverter.
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1. INTRODUCTION

Technological developments in the world today are
growing quite rapidly in various fields of life. One example is
the development of the use of electric motors in certain fields.
There are various types of electric motors currently, for
example asynchronous electric motors or often called
induction motors. Asynchronous motors are often used in
various fields such as industry to automotive [1][2]. Because
this type of electric motor has several advantages over other
types of electric motors, such as good efficiency, high
reliability, simple design, easy control and can be integrated
with modern technology.

As the use of asynchronous motors has grown, various
techniques for managing the operation of asynchronous motors
have emerged. [3][4]. Starting from the simplest method,
namely mechanically using an ON/OFF switch to using an
inverter as a speed controller for asynchronous motors [5]. The
development of inverter topology itself has also developed
quite a bit over time. With the discovery of super-fast
semiconductor static switches in the field of power electronics,
developments in inverter control techniques themselves were
made [6]. On the other hand, the development of complex
control techniques based on digital single chips is also a factor
in this. Initially the inverter was designed analogue with a
fairly complex and complicated hardware circuit, but it had a
fairly fast response and was very sensitive to interference from
outside the system, which was a factor in the shortcomings of
the analog system [7][8]. So currently a single chip digital
based system is being developed to replace the previous analog
system.

In the development of digital-based systems, the simplest
inverter topologies are starting from square wave inverters,
PWM (Pulse Width Modulation), and SPWM (Sinusoidal
Pulse Width Modulation). In this research, we will control a
three-phase asynchronous motor using an inverter topology
with the SPWM (Sinusoidal Pulse Width Modulation)
technique. Because the SPWM (Sinusoidal Pulse Width
Modulation) technique has advantages over the PWM (Pulse
Width Modulation) technique which has high distortion or
ripples in the output wave [9][10]. Using semiconductor
components controlled by a single chip three phase bridge
driver IR2132. In addition, the aim of this research is to utilize
a single-phase power source to regulate a three-phase
asynchronous motor. [11].

2. RESEARCH METHODS
2.1 Three-Phase Asynchronous Motor

Three-phase asynchronous motors are a type of electric
motor which are usually called induction motors. This three-
phase asynchronous motor is widely used in the industrial
sector to drive industrial factory machines such as conveyor
machines, elevators and so on [12][13]. The many applications
of asynchronous motors are because these motors have
advantages over other types of motors such as having high
efficiency, lower usage costs, can be operated on various
power sources, are easy to control and can be integrated with
modern technology.



mailto:endoderian@gmail.com
mailto:riyadi@unika.ac.id2
mailto:leonardus@unika.ac.id

International Journal of Academic Multidisciplinary Research (IJAMR)

ISSN: 2643-9670
Vol. 7 Issue 11, November - 2023, Pages: 10-16

Asynchronous motors require a three-phase voltage source
to drive them, the phase difference causes a rotating force in
the asynchronous motor. When applying a three-phase power
supply to an asynchronous motor, the stator windings generate
a magnetic field that rotates synchronously, maintaining a
constant magnitude when shifted by 120°. The operational
concept of an asynchronous motor is rooted in Faraday's law,
which states that the magnitude of the induced current in a
closed circuit is directly proportional to the magnetic flux
through it. A schematic representation of an asynchronous
motor is depicted in Fig 1.
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Fig 1. Asynchronous motor schematic circuit

The speed of an asynchronous motor can be regulated
based on frequency or input voltage as in Equation (1) below.

\% 14

I indicates the transit current, the motor power source
requirement is represented by V. Simultaneously, ® (omega)
indicates the rotation speed of the motor, and L means the
induction value of the motor. Changes in input frequency and
voltage values for asynchronous motors must be synchronous
to maintain consistent current, regardless of changes in motor
speed.

2.2 Three-Phase Inverter Topology

An inverter is an electronic device that has the function of
changing a DC source into an AC source. Applications of
inverters range from industry, automotive to renewable energy
power plants. Apart from converting a DC source into an AC
source, inverters are also often used to control asynchronous or
induction motors. The reason why three-phase inverters are
widely used in industrial environments as asynchronous motor
controllers is because of their advantages compared to
mechanical control of asynchronous motors using ON/OFF
switches. Three-phase inverters allow adjusting the rotation
speed of the asynchronous motor as necessary [14]. In
addition, the use of a three-phase inverter does not depend on
the availability of a three-phase power supply.

The three-phase inverter consists of six static switches,
operated by regulating the switching of the six static switches
as in Fig 2. Each pair of switches is operated in reverse. This
inverter has three legs, namely legs A, B and C. Where in each
leg there are two static switches, namely on leg A (Sap, San), leg
B (Sup, Son) and leg C (Scp, Sen). The two switches on the same
leg must be complementary and must not conduct or turn on

together which will cause a short circuit, but the continuity of
the AC side current must be maintained.
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Fig 2. Skema three-phase inverter
The six-step inverter topology is the simplest topology, so
in making the SPWM inverter topology, the six-step topology
is used as the basis. In Fig 3 is the operating mode of the six-
step topology, there are eight possible operating modes of the
three phase three leg inverter.
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Fig 3. Three-phase inverter switching configuration

For example, when the configuration is 000, it means the
switch is on San, Spn and Sen SO that points a, b and ¢ will be
connected to the negative terminal of the DC Link voltage
source. In this condition, the value Vap = Ve = Vca = 0. The
eight configurations are presented in table form as in Table 1
below.

Table 1. Three-phase inverter status of switches

Sap pr Scp Vab Ve Ve  Vector
1 0 0 E 0 -E V1 On
1 1 0 0 E -E V2 On
0 1 0 -E E 0 V3 On
0 1 1 -E 0 E V4 On
0 0 1 0 -E E V5 On
1 0 1 E -E 0 V6 On
1 1 1 0 0 0 V7 Off
0 0 0 0 0 0 V0 Off

Fig 4 below provides an overview of inverter operation
using a six-step inverter topology with a control signal at the
gate. The output voltage is a square wave that fluctuates
positive, zero and negative.
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Fig 4. Gate signal and inverter output voltage with six step inverter
topology

2.3 Single Chip Three-Phase Bridge Driver

A single-chip three-phase bridge driver is a high-voltage,
high-speed driver for a MOSFET or IGBT, featuring three
separate or individual output legs. Using the IR 2132 driver as
a three-phase inverter power circuit has advantages and
disadvantages, such as only needing one 12 Volt power supply
to supply all optocoupler components and the IR 2132 driver,
this driver hardware is smaller so it is more compact. Apart
from that, the most important thing is that the IR 2132 IC has
internal deadtime so it does not require an external deadtime
circuit, where deadtime is very necessary in operating the static
switch on a three-phase inverter. To avoid short circuits, the
top and bottom switches must remain on alternately. Fig 5 is a
schematic circuit of the 1r2132 driver.
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Fig 5. IR2132 driver schematic circuit

2.4 SPWM Signal Generation

Utilizing PWM (Pulse Width Modulation) signals to
regulate the inverter output voltage and frequency involves
managing the duration of the output signal pulses [15]. PWM
signals have the weakness of producing high harmonics in the
output wave. To overcome this problem, an inverter control
method was developed using SPWM (Sinusoidal Pulse Wide
Modulation) signals. With more sophisticated signal
processing than PWM, the output signal waveform from
SPWM resembles a sinusoidal wave, has a smoother curve and
the resulting harmonics are not as high as the PWM signal
wave [16][17].
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Fig 6. Comparison of reference and carrier signal waveform

The SPWM signal waveform emerges from a comparison
between the reference signal (sinusoidal wave) and the carrier
wave (triangular wave), as depicted in Fig 6. When the
magnitude of the sinusoidal wave exceeds that of the triangular
wave, this causes a larger resultant pulse, and vice versa. [18].

The SPWM control technique is a way to regulate an
asynchronous motor by adjusting the switching duration to
control the output voltage and frequency. [19]. Equation (2) is
a calculation of the sinusoidal pulse width modulation index.
On the other hand, the resulting output voltage depends on the
results of the modulation index, making it possible to calculate
the amplitude produced by the SPWM according to Equation

@3).

. . V reference
M (modulation index) = ———

@
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A three-phase SPWM signal is generated by comparing
three reference signals shifted 120° to the carrier signal.
Changing the SPWM frequency will result in a proportional
adjustment to the frequency and voltage by modifying the duty
cycle.

V carrier

DC Link

Vac output =

2.5 System Block Diagram

This research planning includes the design and
implementation of drivers for three-phase asynchronous motor
control. The hardware used is as in Fig 7, consisting of a power
supply as a power source, a dsPIC30f4012 microchip as a
microcontroller, an IGBT driver circuit as an inverter
controller, and a three-phase IGBT inverter. The power circuit
switch uses IGBT (Insulated Gate Bipolar Transistor), which
can operate effectively at high levels of voltage and current.
While the use of a dsPIC30f4012 microchip to handle SPWM

12
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algorithm programming, this microcontroller has a high level
of performance for generating SPWM signals.
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Fig 7. Hardware block diagram
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Fig 8. SPWM flowchart

The implementation of the SPWM signal generation
programming algorithm is illustrated through the flowchart in
Fig 8. From the flow diagram above, it can be explained that
the beginning of the program is initializing constants and
variables, lookup table to generate information signals
(sinusoidal), timer and interrupt for carrier signals. Then it is
divided into three legs, namely phase A, phase B and phase C.
If the phase value is smaller than the carrier then it is the same
as high, conversely if the phase value is greater than the carrier

then it is the same as low. The output of the program is the
SPWM signal which is used for inverter switching.

3. RESULTS AND DISCUSSION

The hardware design implementation in this research is as
shown in Fig 9, using a three-phase asynchronous motor with
an IGBT inverter as the motor controller. Apart from that, there
is also an IGBT 1r2132 driver and a dsPIC30f4012
microcontroller as an SPWM signal generator. There is a DC
power supply as a DC voltage source.

After implementing it on the hardware, the SPWM signal

Fig 9. Hardware for experimental works

is then generated using a microcontroller using a basic six step
inverter topology. Fig 10 is the waveform results for the upper
and lower legs. Due to the operation of a three-phase inverter,
the upper and lower legs must complement each other and not
turn on simultaneously.

The SPWM wave is then fed into the IGBT driver circuit.
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Fig 10. Experimental signal waveform output for the upper and lower
legs

The IGBT driver in this study uses a single chip three phase
bridge driver IR2132 IC where there is internal deadtime in the
IC. So, it doesn't require an external deadtime circuit or so on
in its use. Fig 11 shows the deadtime results seen on the
oscilloscope. The deadtime value contained in the IR2132 IC
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is 0.7s, this deadtime value is suitable for the IGBT inverter
switching operating system used.

Fig 11. Deadtime provided by IR2132

As an illustration of the features and specifications of the
IR2132 IC, they are as shown in Table 2. The IR2132 has a
maximum offset voltage of 600 VDC, with a working voltage
rating and gate output voltage of up to 20 volts. Has
overcurrent and undervoltage protection. Meanwhile, the value
of the IR2132 internal deadtime is 0.7ps.

Table 2. IR2132 features and specifications

Feature Specification
V offset 600 VDC max
Working_VoItage up 0 20 V
Rating
Gate Output Voltage upto 20V
Internal Deadtime 0.7us
Protection Overcurrent & Undervoltage

In the context of this research, the specifications of the
asynchronous motor used as an example are detailed in Table
3. The asynchronous motor has a power of 375 watts, with a
voltage and current of 380 volts and 1.08 amperes respectively.
It can reach a maximum rotation speed of 1400 rpm at a peak
frequency of 50 Hz. Meanwhile, this motorbike weighs 10 Kkg.

Table 3. Asynchronous motor specifications

Model YS7124 Model
Power 375 w
Voltage 380 V
Current 1,08 A
Maximum Speed 1400 Rpm
Maximum Frequency 50 Hz
Massa 10 Kg

Figure 12 illustrates the conditions where the
asynchronous motor operates at a certain DC Link input
voltage while rotating at a speed of 1400 rpm. By using an
IGBT inverter which has been controlled using SPWM
switching from the microcontroller and IGBT driver.

Fig 12. Speed measurement of the prototype

In this research experiment, we will measure and observe
the output waveform on the prototype. Voltage waveform
measurements are carried out at the input terminal of a three-
phase asynchronous motor using a voltage probe and a current
probe. Starting from measuring phase voltage with neutral,
then measuring phase voltage with phase, and finally
measuring phase voltage and current with neutral.

Fig 13. Experimental results of induction motor output phase voltage of
inverter

Fig 13 displays the phase-neutral measurement results for
the three-phase voltage waveform. On the other hand, Fig 14
represents the phase-phase measurement results for three-
phase voltage waveforms.

Fig 14. Experimental results of induction motor output line voltage of
inverter
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Next, Figure 15 depicts the results of measuring the
voltage and current waveforms at the input of a three-phase
asynchronous motor. This measurement is carried out using a
voltage probe and a current probe from a single phase
oscilloscope. In the waveform results, it can be seen that the
current waveform appears after the voltage waveform. This
condition is called lagging because asynchronous motors have
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Fig 15. Experimental results of phase voltage and current of the inverter

inductive components.
4. CONCLUSION

From the research experiments that have been carried out,
several conclusions can be drawn, including that the use of
SPWM (Sinusoidal Pulse Wide Modulation) waves as a three-
phase inverter control topology has advantages compared to
using PWM (Pulse Wide Modulation) waves. The use of a
single-chip three-phase IR2132 bridge driver in this research
shows that this IC has an internal deadtime of 0.7us, where
deadtime in SPWM wave generation is very necessary in the
operation of the IGBT inverter so that there is no short circuit
between the inverter switches.
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