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Abstract
The induction motor is without doubt the most used electrical motor because of its unique
characteristics. Most of its applications need fast and intelligent speed control system. This paper presents
comparison of the intelligent and advanced speed control methods based on PWM technique and PI
controller to achieve maximum torque and efficiency. Simulation is carried out in MATLAB environment
and results are investigated for speed control of induction motor without any controller and with PI
controller on full load condition.
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1. Introduction

Be it domestic application or industry, motion control is required everywhere. The
systems that are employed for this purpose are called drives. Such a system, if makes use of
electric motors is known as an electrical drive. In electrical drives, use of various sensors and
control algorithms is done to control the speed of the motor using suitable speed control
methods [1-3]. The basic block diagram of an electrical drive is shown Figure 1.

Earlier, only DC motors were employed for drives requiring variable speeds due to ease
of their speed control methods [1,4]. The conventional methods of speed control of an induction
motor were either too expensive or too inefficient thus restricting their application to only
constant speed drives. However, modern trends and development of speed control methods of
an induction motor have increased the use of induction motors in electrical drives extensively.
In most of industrial drive control applications, the standard method to control squirrel cage
induction motors is based on the field-oriented or vector control principle in order to achieve the
best dynamic behavior [5]. There are essentially two general methods of vector control. One
called the direct or feedback method, and the other, the indirect or feed forward method.

Induction motor can be controlled with the help of PWM Control and conventional PI
controller with the use of vector control technique. The conventional proportional integral
controller increases the order of the system, improves damping, and reduces maximum
overshoot, decreases bandwidth and increase the rise time [6-8]. In this article we will discuss
the PWM Control and conventional Pl controller. Finally we will present the simulation result for
speed control of induction motor using these controllers with a brief discussion.
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Figure 1.1 Block diagram of induction motor drive

2. Induction Motor Control

The dynamic analysis of the symmetrical induction machines in the arbitrary reference
frame has been intensively used as a standard simulation approach from which any particular
mode of operation may then be developed. Matlab/Simulink has an advantage over other
machine simulators in modeling the induction machine using dq0 axis transformation. It can be
a powerful technique in implementing the machine equations as they are transferred to a
particular reference frame [4-6]. Thus, every single equation among the model equations can be
easily implemented in one block so that all the machine variables can be made available for
control and verification purposes as Figure 2.
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Figure 2. dq0 equivalent circuit of an induction motor
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Then substituting the values of the flux linkages to find the currents
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Based on the above equations, the torque and rotor speed can be determined as follows
3/P\ 1 ) )
T. = 2 (E) w_b (lIstlqs - qulds) (12)
P
(*)rzfz_](Te_TL) (13)

Where

P = number of poles

J = moment of inertia (Kg/m?)

For squirrel cage induction motor, the rotor voltages V- and Vg in the flux equations are set to
zero since the rotor cage bars are shorted. After driving the torque and speed equations in term
of d-q flux linkages and currents of the stator, the d-q axis transformation is used to the machine
input (stator) voltages.

3. Pl Controller

The combination of proportional and integral term is important to increase the speed of
the response and also to eliminate the steady state error. The PID controller block is reduced to
P and I blocks only as shown in Figure 3. The proportional and integral terms is given by

u(®) = Kye(®) +K; f e(t) dt (14)

— k, (proportional) —i
e i

—=  k; (integral)

Figure 3. Block diagram of Pl controller
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4. Development of Simulink Model

The speed performance of induction motor is checked first without any controller and
then with the help of PWM Control and PID controller. The simulink model is developed in the
MATLAB which is shown in following Figures 4, 5 and 6.
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Figure 4. SIMULINK model of 3-® induction S
motor without controller

Figure 5. SIMULINK model of 3-® induction
motor with PWM control

Figure 6. SIMULINK model of 3-® induction motor with Pl controller

5. Simulation Result

In this paper, a 3-®, 3 hp, 220 V, 50 Hz squirrel cage induction motor has been
simulate in SIMULINK to study the dynamic performance of the motor with and without
controllers and the results are obtained for the speed v/s time on full load condition. The speed
response of Induction motor is checked for without controller, with PWM control and PI
controller which are shown in Figure 7, 8 and 9.
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Figure 7. Performance parameters of induction motor at full load without controller
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Figure 8. Performance parameters of induction motor at full load with PWM control
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Figure 9. Performance parameters of induction motor at full load with Pl control

6. Comparison

The following figure shows the comparative speed responses without controller and with

PWM control and PI controller.
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Figure 10. Comparison of speeds response

From this we come to know that Pl controller is better to improve the speed

performance of induction motor. The speed of induction motor using PID controller settled early.
The comparative results are also

7.

Table 1. Comparison of speed of induction motor, without controller and with controllers

Without With PWM With PI
Parameters
controller control controller
Speed (rpm) 1691 1728 1765
Settling time (sec) 0.34 0.28 0.22
Rise time (sec) 0.31 0.21 0.09
Stator current (A) 9.5 7.78 6.32

Conclusion
Simulation is carried out in MATLAB environment for speed control of induction motor

for full load condition, using PWM control and Pl controller. The results are checked and
compared. From the comparison we conclude that, the Pl controller gives better speed
response.
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