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Abstract: This study is aimed to show the dynamic response of an induction motor to speed changes at start
up and load changes during normal steady state operation. A classical PT control was first applied, a fuzzy logic
and a fuzzified PT were then implemented. Simulations were carried out by using MATLAB in order to determine
the most effective controller. A comparison between the three different controllers under various load
conditions demonstrated the robustness of Fuzzy Logic (FL).
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INTRODUCTION

Induction motors, especially, the Squurel Cage
Induction Motors (SCIM) are widely used for industry
and several applications such as hybrid cars, textile and
paper mills, wind power generation systems and robotics
because of their many advantages like their reliability,
simple construction, low cost, low maintenance needs
and robustness (Kusagur et al, 2012). However, their
controllability by conventional control methods 15 still a
difficult task. High nonlinearity of the motors behavior,
complexity of its model and presence of interactive
multi-variable structures are the main reasons for their
control difficulty. Therefore, the design of a classical
controller takes a lot of time and effort. Recent advances
in computing and power electronics fields have made it
possible to incorporate three phase induction machines in
applications of high performance (Karanayil ef af., 2001).
Also, more mtelligent and robust controllers have been
applied for induction motor control. A fuzzy controller is
one of these intelligent controllers. The fuzzy controller
allows the incorporation of a human experience to be
employed m the control process (Toufout ef al., 2007). A
technique called field oriented control or vector control
could be used to change the speed of an induction motor.
This technique was 1mtally developed by Blaschke
(1972). With this method of vector control, an induction
machine can be controlled just like a Direct Current (DC)
motor that is separately excited. The control of torque and

field of an induction motor is done independently or by
decoupling, through the mampulation of field quantities
(Bose, 2002; Blaschke, 1972).

MATERIALS AND METHODS

Mathematical model of induction motor: A fourth-order
state space model is used to represent the electrical
part of the induction motor while the mechanical part
15 represented with a system of second order (Bose,
2002). The electrical parameters are usually referred to
a stator as shown in Fig. 1. In the generalized two
axes frame of reference, the electrical Eq. 1-8 of an
induction machine are:

Ve =R, + o, +pw, (1)
vy, =Ry, + o, + pwy, (2)
Ve =R+ (o, —o ), +py, (3)
Ve = Riiy (0, —on )wr, + Py ()
Wy, = Ly, + Lo, (i, +iy) (5)
Wy, = Lig + Lo (i, i) (6)

Corresponding Author: Wafaa A. Humadi, Department of Electrical Power Engineering Techniques,
Electrical Engineering Technical College, Middle Technical University, Baghdad, Iraqg,

wafaaabdullah1993(@gmail.com

8594



J. Eng. Applied Sci., 14 (23): 8594-8599, 2019

Rr

AN o
R,

AN

o——<— 3P0

Fig. 1: Two axis frame of reference of stator and rotor: a) g-axis and b) d-axis

v, =Ly, + L, (i, +i,) (7

wdr = Llridr + Lm (idr + ids) (8)

The electro-magnetic torque is:
3P, . 9
TE = Ea(lqswds 71&5‘“[{5) ( )

Electrical angular velocity equation 1s given by:

_P(L-T) 10
AR 1o
Where:
P = The operator d/dt
Wy Uy = The g and d-axis component for stator flux

V. Uy = The q and d-axis compenent for rotor flux
L. R, = The Leakage inductance and stator resistance

L. R, = The Leakage inductance and rotor resistance
L. = The magnetizing inductance

w, = The electrical angular velocity

Wy = The slip frequency (w.w,)

I = The inertia of the rotor

T, = The load torque

Indirect vector control: This method is just the same as
that of direct vector control with the exception that the
unit vector will be generated by feed forward manner by
using the measured values of speed (w,) and the slip

speed (w,). The following equations will be taken mto
consideration for the implementation of the strategy of
indirect vector control (Bose, 2002):

0, =, dt=|{c, + o) =6, 186, (1D
The rotor circuit equation. From Eq. 3 and 7, we get:

dy, R, L. ..
th + ?wqr - erlqs + mslwdr =0 (1 2)

T T

From Eq. 4 and 8, we get:

dy, R, | P
dtd + L_rwdr 7L_Rr1ds + 0351‘lfqr =0 (13)

T

For a decoupling control it desirable that y, = 0,
dir,/dt = 0. Then, the total rotor flux yr, will be directed on
the d-axis. Substituting of the above two conditions
mEq 12 and 13, we get:

LR
, = —=r (14)
llII’]-II’
By -1, (1s)

R, dt

r

For constant rotor flux 1, and /dt = 0. Substituting in
Eq. 15, we get:
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Fig. 2: Block diagram of indirect vector control techmque
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Fig. 3: Block diagram for a fuzzy logic controller

wr = Lmids (1 6)
The electro-mechanical torque developed 1s given by:
3PL
= Tmyyg (17)
£ 2 2 L wrlqs

The block diagram in Fig. 2 shows an indirect vector
control. Two control loops are bemng used for the control

of induction motors drive namely the external speed
control loop and the internal pulse width modulation
current control loop (Kalhoodashti and Shahbazian, 2011).

Fuzzy Logic Controller (FLC): FLC1s an algorithm which
is based on control strategy that is linguistic and is
derived from an expert knowledge to form an automatic
strategy for the control process (Fig. 3). Unlike, other
control systems which use rather difficult mathematical
calculations in order to provide a model for the controlled
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unit, FLC uses simple calculations only to simulate the
expert’s knowledge and an inference engine to determine
an accurate crisp output, resulting in a good performance
as far as system control i1s concemed. That 1s why FLC 1s
considered as one of the best available techniques today
for many challenging control systems (Ogata, 2010;
Zimmermann, 2001, Ziegler et al., 1942). Figure 3 shows
the main features of a FL.C for the control of a plant.

The mapping and scaling of input variables mto fuzzy
sets is done by the fuzzifier. The approximate reasoning
and deduction of the control action is made by the
mference engine with the help of the rule base. Then the
defuzzifier converts the fuzzy output to control actions
(Tang et al., 1997). The signal of speed error and its time
derivative are considered as the input variables and the
electromagnetic torque as the output vamable in this
proposed model (Table 1). The speed error 1s determined

Table 1: Fuzzy logic control rule

cele PL PM PS Z NS NM NL
PL PS Ps PM PL PL PL PM
PM PM PM PL PM PL PM PS
Ps PM PL PL Ps PL PM PS
z PM Ps Ps z NS NS NM
NS NS NM NL NS NL NM NS
NM NS NM NL NM NL NM NS
NL NM NL NL NL NM NL NL

by comparing the feedback of the speed signal and a
preset reference speed. The membership function that
were defined for both the input and the output parameters
are shown n Fig. 4a-c.

RESULTS AND DISCUSSION

A simulation was performed under no load for the
three control strategies and the results are shown in
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Fig. 5: Speed response with PI, Fuzzy, PI-Fuzzy controller
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Fig. 6: Speed response for changes of load torque

Fig. 5 and 6. Immtially, the motor was at halt and a step
change of 200 rad/sec 1s applied at time zero, then at time

0.2 sec the reference speed was reduced to 120 rad/sec,
this condition weas meamntamed for 0.2 sec, the speed
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Table 2: Parameters of the induction motor used for the sirmulation

Parameters Values
HP 3
Voltage 220 (V)
Frequency 60 (Hz)
Rotor type Squirrel cage
Stator resistances (Rs) 0.435
Rotor resistances (Rr) 0.816
Stator inductances (Ls) 0.0713
Rotor inductances (Lr) 0.0713
Mutual inductances (Lin) 0.0693
No. of poles 4
Moment of inertia (J) 0.089

reference was reduced again to a value of 50radisec
for another 0.2 sec to be raised back to 200 rad/sec at time
0.6 sec for a period of 0.2 sec, fally, the speed reference
was reduced to 160 rad/sec at 0.8 sec.

Tt is seen that the FL.C has managed to reach the
reference speed in 0.0570 sec while Fuzzy-PI took
0.1218 sec and PI controller took 0.1241 sec. It 1s obvious
that the FL.C has reached the reference speed to nearly
half the time taken by the other two controllers.

Another simulation was performed to realize the
effectiveness of the proposed controller, during which no
load was applied for 0.2 sec to allow the three different
controllers to reach the reference speed and establish
steady state condition (Table 2). The load was then
modified to a value of 12 NM to examine the system
robustness in holding on to a predefined value of a speed.
Tt could be seen in Fig. 6, the fuzzy controller is more
capable in maintaining the reference speed than the
Fuzzy-PI and PI controller.

CONCLUSION

In this study three control schemes were investigated
and applied to the control of an induction motor, namely
conventional PI, fuzzy controller, fuzzified PI. Simulation
results verified the superiority of this proposed FL.C over
the other two controllers in arriving at a reference speed
i a much faster response time and a satisfactory overall
performance for both changes in speed reference and load
torque.
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