International Conference on Manufacturing Science and Engineering (ICMSE 2015)

The PWM Control of the Three-phase Induction Motor

Ping Wel, jinpeng Yu, Fatao Shi, Xiao Wei, Yan Wang, Quanwen Zhao
(College of Automation Engineering, Qingdao University, Qingdao 266071, China)
1078114468@qq.com

Keywords: The three-phase induction motor; MATLAB; The PWM control technology

Abstract. Inthis paper, a pulse width modulation (PWM) control approach to speed trackong control
isdeveloped for the three-phase induction motor in electric vehicles. The PWM technique is amployed
to design controllers. By incorporating the three-phase bridge recifier into the motor based on the
PWM technique ,the PWM control approach is developed.The proposed control method is able to
overcome the disadvatage of the motor in the traditional design procedure.In addition,it is proved that
the tracking error convergesto asmall neighborhood of the all origin and al the closed-loop signalsare
bounded. The results of the MATLAB simulation illustrate the effectiveness of the proposed
approach.

Introduction

In recent years, induction motors (IMS) have been widely utilized for modern electrical drives due to
their smple construction. low cost and high reliability. However, the control of M is hard because
of the complexity of the system. Therefore, many control techniques have been proposed to control the
motor system, such asthe technique of the PWM speed control, has gained rapid development with the
development of power electronics [1] and microelectronics technology [2], the microprocessors
control and the digital control technology. They have been successful in inverter applications [3, 6],
which makes it become more and more popular. In addition, the PWM control, in particular, is
considered to be one of the popular techniques for controlling the complexity of the system of the
three-phase induction motor. It is by adjusting the pulse width and the pulse duty ratio to regulate the
average voltage. The PWM technology [7], accompanied by the development of power electronic
devices, hasagood development and currently has matured. By using the PWM technique, the inverter
output waveform can be improved to reduce harmonics and torque ripple. it smplifies the structure of
the inverter, to speed up the adjustment rate and improve the dynamic response of the system. In the
field of electric drive, it has great significance to solve variable speed motor [8]. In this paper, it has
been proved that it be an effective approach to control there-phase induction motor, the simulation
results has proved the effectiveness of the proposed approach.

Control mode

The PWM control mode from the polar of the pulse modulation, can be divided into unipolar and
bipolar points: it is called unipolar modulation that the polarity of the carried signal and the reference
signal polarity isnot changing; on the contrary, it is called bipolar modulation that the triangular carried
signal and a sine wave signal are with positive and negative polarity.
The reference wave frequency determines the output frequency, the number of pulses per half cycle of
P depends on the carrier frequency. Namely:

f
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Ur stands for the amplitude of the reference voltage signal; Uc stands for the ratio of the amplitude
of the triangular carrier signal; m = Ur / Uc stands for the modulation factor. When the modulation
changes from 0 to 1.The pulse width changes from O to = / p,the output voltage changes from O to E.
The modulation principle of Sinusoidal pulse width: bipolar output voltage waveformisin the range of

p
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0 ~ 2r that is symmetric about the center, and in the range of 0 ~ &t that is about the axis of symmetry,
its Fourier series expansion for

U,n= g B, snwt
n=135.. (2)

29 .
=— t) sinwtd (wt
Formula (4-6): the output voltage can be seen as the amplitude of E, the frequency and the

amplitude of the square wave of 2E, the sequence of the negative pulse frequency (the start and end
points are superimposed
B. __el a (Cosnaz 1T Cosnazl)u
= @
The output voItage is

U,m= a —el a_(cosna2 .- coshg, )usmwt

n=1,3,5... np =1 (5)
Fundamental component of the output voItage
Um(t)=4—e1 a (cosna2 .- cosng, )usmwt
P& =2 a (6)

It should be noted that the point of view of the main circuit for the bipolar modulation is aways
alternating on-off because of the same bridge arm of the two switching elements; it is also easy to cause
short circuit, causing circulation. To prevent the circulation, it is necessary to trigger an additional
delay links and set the dead zone.

MATLAB simulation design

The control circuit works as the follows: according to the natural sampling, the three high-frequency
sine wave and triangular carrier are compared by the results of each channel and thenit is to generate
the opposite of the original signal control waves by the inverter, respectively, the upper and lower
control armof the IGBT will be turned on and off. The Six Road PWM waves generated are used to be
controlled six IGBT to turn off, which generatesthe three-phase alternating current at the load with the

same frequency of the modulation wave.
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Figl.The three-phase bridge rectifier module

Asisshownin the Figl: choose the three-phase voltage source module from the three-phase source in
SimoPwerSystems of Electrical Sourceslibrary. Set the amplitude of 380V . Select 6 diode modulesin
Power Electronics library. Each module is connected by a three-phase bridge rectifier circuit. And
analyze the simulation waveform with a voltmeter module and a Scope block.
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Fig2. The PWM inverter circuit control module

Asis shown inthe Fig2:Select a Timer module from the Extra Library Sim Power Systems library, and
sinusoidal modulation signal is multiplied. Change the amplitude of the sinusoidal modulation signal by
setting the Timer different times in different parameters. Specific analysis is described in detail in the
next section- Simulation results.

Simulation resultsand analysis
Set the motor operating parameters: the rated power of 2.2kw, the rated line voltage of 380v, the

frequency of 50Hz, the rated speed of 1423rpm, the stator resistance of 3.4780hm, the stator leakage
inductance of 12.54mH,the rotor resistance of 2.5460hm,the rotor leakage inductance of 12.26mH,
the magnet|2| ng inductance of 332.9mH, the moment of inertia of 0.0131kg.m.m, the pole pairs of 2.
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Fig 3. Tethrphrectifi volte wavorm Fig4. The sinusoidal modulation signa
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Fig 5. The stator phase current waveforms  Fig 6. The stator phase current and the torque waveforms
Asisshown in Figl:when the first motor with on-load is operation for 1s, the voltage is near 500V; the

motor with the rated load after 1s, the voltage is near 460V ; so the capacitor has stable voltage. Asis
shown in Fig2:the sinusoidal modulation signal can control the six IGBT to turn off or on. Asis shown

i

AR

il
il ‘\ul IHJW‘“‘ il ‘

\HWU“

\H\W\ oo I

844



in Fig3-4: when the three-phase induction motor starts at the rated voltage s, the maximum starting
current is 3-4 times; when the motor with on- load, the motor speed is basically stable at near
1500rpm,the torque is essentially zero, the no-load current is very small. When the time is 0.5s,the
motor with therated load, the electromagnetic torque is the rapid growth and the load torque are equal
with the electromagnetic torque .

Summary

Based on the PWM technique, the proposed control procedureis developed to control the three-phase
induction motors in electric vehicles. The proposed control makes sure that the motor speed can track

the expected speed of the motor and the tracking error convergesto a small neighborhood of the origin.
In MATLAB simulation, the simulation results show that the proposed control method can overcome
the disadvantage of the complexity of the motor and sure that the system can track the desired signal.

This study has lots of practical application value.
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