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INFLUENCE OF PWM TECHNIQUES ON AN INDUCTION
MOTOR POWERED BY THREE-PHASE VOLTAGE INVERTER
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Abstract:

This paper presents a study on the influence of different PWM
control techniques for a voltage inverter on an induction motor. In
the first step, we implemented the PWM techniques using the Xilinx
System Generator tool, which allows implementation on the FPGA
Keywords: board. Then, we compared the different PWM techniques and their
Induction mot effects on the operation of the induction motor. The results
obtained showed that the motor reached the nominal speed, with

Inverter e best results for starting current and torque achieved by the
System Generator riplen Injection PWM (THIPWM) technique compared to the
FPGA o techniques, enabling good motor performance.
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1 Introduction

The induction motor coupled with he most widely used type of motor for
applications where it is necessary to contr f a load. Among the main issues with
induction motors are torque ripples and starting cuz g ue ripples produced by a motor
depends on two main factors: the motor's const In many cases, these torque
ripples can disrupt the proper operation of the machine.

The starting current is approximately 6 to 7 times the rated current. tive to provide current-
limiting systems during startup (star/delta, frequency converter, etc.). otor with a frequency

and voltage converter offers several advantages, primarily: limi
minimizing torque regardless of the motor's speed.
In this work, we study Pulse Width Modulation (PWM) co

which allows real-time implementation using FPGA in the LOOP.
PWM modulation strategies implemented using complex analog ¢

followed by the use of the random PWM technique [3] [4], and concludes with the introduction of the triplen
harmonic injection PWM technique [5] [6], along with a comparison of the implementation and synthesis
results and their influence on the operation of the induction motor.
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2 Influence of different PWM control techniques on the induction motor

2.1 Sinusoidal PWM technique SPWM
2.1.1. Principle of the SPWM technique

In the SPWM technique, the principle involves comparing a high-frequency triangular carrier signal with
a sinusoidal modulation signal at the fundamental frequency (50Hz) to generate the control signal for the
inverter switche

Va et = 1.15sin(mt) + 1/6 sin (3ot)
1.15sin (ot —2n/3 )+ 1/6 sin 3(wt — 27w /3) )
A5 sin(ot + 27/3) + 1/6 sin 3(ot + 27w /3)

When the
it is low (0).

than the triangular signal, the output signal is high (1); otherwise,

with ma [7].

Figure 1.Principle of the SPWM technique [8].

2.1.2. Implementation of the SPWM technique using Xilinx System Generator
a. Xilinx System Generator tool

Several software design companies have shown interest in programming FPGA circuits. Numerous
partnerships have been formed between these companies and FPGA market leaders like Xilinx and Altera.
One of these companies is MathWorks, with its new tools HDL Coder and Xilinx System Generator. In
collaboration with Xilinx, MathWorks engineers have developed a new library called "Xilinx" within
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Matlab-Simulink, which provides a rich set of pre-implemented blocks and models in HDL. Users of this
library can leverage the simulation tools available in Matlab-Simulink while automatically converting the

high-level model (based on Xilinx blocks described in HDL) into synthesizable HDL code. The Xilinx
System Generator tool is a good example of IP reuse principle. Matlab-Simulink allows the simulation of
Simulink blocks and Xilinx blocks (co-simulation), automatic conversion of Xilinx blocks into synthesizable
code, and estimation of resource consumption on an FPGA target. XSG even simplifies configuration and
i ation on FPGA platforms.

- System Generator: spwm

General

| Seftings .

dware description language :

|PrDject Navigator

Synthesis strategy :

|X5T Defaults*

Create interface document

Import as configurable subsystem

Perfumlanoe'l’lps| |Generate| | oK ‘ ‘ Apphy

b. Generation of the SPWM control signal

Applying the principle of the SPWM technique, we use Xilinx Syste
three sinusoidal signals that can be compared with a triangular carrier signal. T
signal, we used a counter multiplied by a gain (Cmult). For the three sinusoidal signe

120° phase shift between the three sinusoids, as depicted in Figure 3. Figure 4 illustra
between the triangular carrier and the sinusoidal modulation, along with their SPWM results.
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a. Sinusoidal triangular comparison
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Figure 4. Sinusoidal triangular comparison and the control signal SPWM.

2.2 Random PWM technique RPWM

2.2.1. Principle of the RPWM technique

Soaped
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Considered as an optimization of the PWM technique, the principle of the RPWM control technique is
similar to the SPWM technique, except that in this case, the carrier signal is random. Figure 5 illustrates the
principle of the RPWM technique [10]

Pseudo Random <
Comparator
Triangular
Carmier Random
¥ P\\’Z\"I Signal

JUuuL

2.2.2. Implementation of th ] ] ilinx System Generator

The generation of a r ilinx System Generator blocks is based on the
multiplication of two triang ier si ich is inverted by the NOT block, and then
multiplied by a gain (Cmult), as i Figure 7 illustrates the comparison between the random
carrier and the sinusoidal modulation ng RPWM control signal.
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Figure 6. Generation of the RPWM control signal using Xilinx System Generator.
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a. Sinusoidal random comparison
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2.3. Triplen injection PWM THIPWM

2.3.1. Principle of the THIPWM technique
Among the optimizations of the PWM technique, the Trip

technique is one of the earliest PWM techniques used in inverters. King ha
that improved the efficiency of a class B transistor inverter [12]. This is a
of third, ninth, fifteenth, etc., harmonics to the fundamental sinusoidal refe
improving the performance of all PWM inverters.

The Triplen Harmonic Injection PWM employs a triangular carrier waveform. It ¢
fundamental is increased by 15% compared to SPWM (Figure 8). The analytical expres
waveform can be derived by adding other triplen harmonics, as indicated by equation 3

y=115sinwt+ 027sinwt-0.29sinwt
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Figure 9. Generation of the THIPWM control signal using Xilinx System Generator.



Chafa Mohamed, Messaoudi Kamel, Louze Lamri: Influence of PWM techniques on an induction motor 8

III lar comparison with Triplen harmonic injection
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Figure 10. Triangular comparison with Trip 1 WM control signal.

2.4. Global installations of the induction motor

In this phase of the work, we combine the controlled inverte

System Generator.

Table 1.Implementation parameters

inverter DC voltage 400V
Torque load SNM
motor Power .
rotation speed of the motor 1430 RPM
Frequency 50HZ

Step Fixed
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3 Results and discussio
3.1. Results

We took the following results for
supply voltage and phase current
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c.Inverter output voltage d.Phase Current.

— FFT analysis
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1. Implementation Results of the SPWM technique
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2. Implementation Results of the RPWM technique
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otation speed of induction motor b.electromagnetic torque
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FFT analysis

T T T T T T T T T

208
Fundamental (50Hz) = 39.65 , THD= 10.58%

] 10
Harmanic order

"Phase Current THD.

D % phase
urrent

Techniques

SPWM 11.30
RPWM
THIPWM 10.
Table 3. Synthesis result.
Resources SPWM RPWM
Slices 945 945
FFs 270 270
LUTs 1761 1761
MULTs/DSP48s 0 0

3.2. Discussion
The speed curve shows that the motor reached nominal speed for all three te
technique minimizes torque ripple and starting current, as indicated in the electromagne
current curves. The results for the THIPWM technique show the lowest starting current and {o
to the other two techniques, allowing for good motor performance. Regarding the THD of Voltage and
current, we observe that the random technique has a lower THD compared to the other two techniques, as
illustrated in Table 1. By analyzing Table 2, we can see that the synthesis allows us to implement the PWM
techniques in real-time for the induction motor on FPGA using the FPGA IN THE LOOP technique.

4 Conclusion

In this paper, we studied the influence of different PWM control techniques on the operation of an
induction motor using the Xilinx System Generator tool for FPGA implementation. We started by
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implementing the PWM control laws using Xilinx System Generator blocks to obtain the control signals for
the inverter. In the second step, we conducted the motor-inverter association to analyze the influence of the
PWM techniques on motor operation. The results obtained showed an improvement in motor performance,
particularly the random technique, which minimized torque ripple and starting current with a lower THD for
line voltage (6.99%). Additionally, the triplen harmonic injection PWM technique exhibited the lowest
starting current and torque with the best fundamental line voltage (386.8 Volt). The synthesis results
subsequently allow us to implement real-time control laws on the FPGA board using the IN THE LOOP
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