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Speed Control of Induction Motor Using Fuzzy Logic Approach

Kamini Devi*, Rameshwar Singh**, Shailendra Gautam*** and Deepak Nagaria****
ABSTRACT

This paper presents a rule-based fuzzy logic controller applied to a scalar closed loop Volts/Hz induction motor
(IM) control with slip regulation and its simulation results. The IM is model in terms of d-g windings, with
synchronous frame associated with the frequency ws of the stator excitation. The results obtained in the
simulation are interesting, considering the presence of strong non-linearity in the IM model. A fuzzy logic
control for a speed control of Induction motor the simulation developed by using Fuzzy MATLAB Toolbox and
SIMULINK. The fuzzy logic controller is also introduced to the system for keeping the motor speed to be
constant when the load varies. Because of the low maintenance and robustness induction motors have many
applications in the industries.
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fuzziness to data in fuzzy logic is called the
fuzzification.

Fuzzy linguistic description are formal
representation of system made through fuzzy IF-

1.0 Introduction

The Fuzzy Logic Toolbox draws upon these

capabilities to provide a powerful tool for fuzzy
system design, analysis, and simulation. This
technical brief describes the use of the Fuzzy Logic
Toolbox to solve a typical control design problem.
Fuzzy logic can make control engineering easier
for many types of tasks. It can also add control
where it was previously impractical, as applications
such as fuzzycontrolled washing machines have
shown. However, fuzzy control need not be a
dramatic departure from conventional control
techniques such as proportional integral derivative
(PID) feedback systems. As this technical brief
demonstrates, fuzzy logic can be used to simplify
the scheduling of two different controllers.

2.0 Fuzzy Logic Controller (FLC)

The simulation developed by using Fuzzy
MATLAB Toolbox for SIMULINK and fuzzy
logic. MATLAB Fuzzy logic Toolbox is use to
design fuzzy logic controller. Basically, the Fuzzy
Logic controller consists of four basic components:
fuzzification,a knowledge base, inference engine,
and a defuzzification interface. The addition of

THEN rules. They encoded knowledge about a
system in statements of the form-

Fig 1: Basic Block Diagram of Speed Control of
Induction Motor Using FLC
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IF (a set of conditions) are satisfied then (a
set of consequents) can be inferred. [2] In many
situations, for a system whose output is fuzzy, it is
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easier to take a crisp decision if the output is
represented as a single scalar quantity. This
conversion of a fuzzy set to single crisp value is
called defuzzification. [3]

Fig 2: Basic Configuration of Fuzzy Logic
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3.0 V/F Control

A discussion of induction motor control
theory is beyond the scope of this document. We
will mention here only the salient points of VF
control. The base speed of the induction motor is
directly proportional to the supply frequency and
the number of poles of the motor. Since the number
of poles is fixed by design, the best way to vary the
speed of the induction motor is by varying the
supply frequency. The torque developed by the
induction motor is directly proportional to the ratio
of the applied voltage and the frequency of supply.
By varying the voltage and the frequency, but
keeping their ratio constant, the torque developed
can be kept constant throughout the speed range [4]
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Figure3. Shows the typical torque-speed
characteristics of the induction motor, supplied
directly from the main supply. Figure4.shows the
torque-speed characteristics of the induction motor
with V/F control. Other than the variation in speed,
the torque-speed characteristics of the V/F control
reveal the following:

* At base speed, the voltage and frequency reach
the rated values. We can drive the motor
beyond the base speed by increasing the
frequency further. However, the applied

voltage cannot be increased beyond the rated
voltage. Therefore, only the frequency can
be increased, which results in the reduction
of torque. Above the base speed, the factors
governing torque become complex.[4]

* The acceleration and deceleration of the motor
can be controlled by controlling the change
of the supply frequency to the motor with
respect to time. [4]

4.0 Induction Motor

In the control of any power electronics
drive system (say a motor), to start with a
mathematical model of the plant is required. This
mathematical model is required further to design
any type of controller to control the process of the
plant. The induction motor model is established
using a rotating (d, q) field reference (without
saturation) concept [6].

The power circuit of the 3-¢ induction
motor is shown in the Fig. 5. The equivalent circuit
used for obtaining the mathematical model of the
induction motor is shown in the Fig. 6. An
induction motor model is then used to predict the
voltage required to drive the flux and torque to the
demanded values within a fixed time period. This
calculated voltage is then synthesized using the
space vector modulation. [6]

Fig 3: Torque-Speed Characteristics of
Induction Motor
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Fig 4: Torque-Speed Characteristics of
Induction Motor VF Control
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Fig 5: Power Circuit Connection Diagram for
the IM
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5.0 Designing of Fuzzy Logic Controller

Table 1: Rules of Speed Control of Induction
Motor Using FLC

dele Negative | Negative | Negative | Zero | Positive | Posifive | Posifive
Large | Medium | Small Small | Medium | Large

Negative Large | NL NL NIM | NM | NMS | NS Ik

Negative Large | NL NIM |NM NMS | N§ Ik P

Negative Large | NLM | NM NMS NS | ZE s PSM

Negative Large | NM NMS NS E |B§ M |PM

Negative Large [NMS | NS ZE S |PBSM|PM PML

Negative Large | NS IE Ps PSM|PM  |PML [P

Negative Large | ZE s PSM [PM [PML | PL L

Motor

Fig 6: Equivalent Circuit of Induction Motor in
d-q Frame

R %y L L, ©ahy R

(a) d-axis
R, Oda L L,

(b) g-axis

5.1 Membership function plots of input variable
“error”, input variable “change of error” and
output variable “change of control

Fig 7: Membership Function of “Input Error”
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Fig 8: Membership Function of “Input Change

of Error”
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Fig 9: Membership Function of “Output Change
of Control”
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5.2 Surface Viewer of Rules

Fig 10: Surface Viewer of FLC rules
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6.0 Simulation Result

6.1 Implementation of speed control of induction
motor using fuzzy logic

Fig 11: Circuit Diagram of Speed Control of
Induction Motor Using FLC in Simulink

6.2 Result of speed, Torque and Current
Characteristics of Induction Motor

Fig 12: Plot Speed v/s Time Characteristics
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Fig 13: Plot Torque v/s Time Characteristics
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Fig 14: Plot Current v/s Time Characteristics
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7.0 Conclusion

An estimation of fuzzy logic techniques
applied to the control of induction motor was
presented. The fuzzy logic approach is feasible and
can be an interesting alternative to conventional
control, even when the system model is known and
linear. The implemented fuzzy logic controller
presented a slightly superior dynamic performance
.Matlab/Simulink and fuzzy TECH proved to be
two compatible and powerful software tools,
respectively for simulation and controller design.
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