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Abstract- This paper presents simulation of closed loop scalar speed control of three-phase induction motor. A Fuzzy logic 
controller with two input and one output is used in the controller. Speed of the motor is adjusted by Fuzzy logic controller 
(FLC) with the help of predefined rules for input and output of fuzzy controller. Two inputs to the FLC are speed error and 
change in speed error. Its output is frequency of AC input of the motor. The frequency is determined from rules of the FLC 
under different conditions. The control strategy keeps Voltage-Frequency ratio of induction motor constant. Three phase 
induction motor is fed by PWM based inverter. The speed control system for 3-phase induction motor is implemented using 
FLC in conjunction with Sinusoidal PWM generator. The performance analysis of this closed loop speed control system is 
carried out in MATLAB/Simulink. It is found that the motor speed can be kept constant when load is varied. Performance of 
Fuzzy controller is compared with PID and PI controller using parameters like overshoot, rise time and settling time.  
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I. INTRODUCTION 
 
Three phase induction motors are widely used in many 
industrial sectors. The use of this motor is associated 
with its simple and rugged construction, low cost, 
minimum maintenance, and sufficiently high 
efficiency. When standard power is supplied to an 
induction motor, it runs at its rated speed. However, 
many applications have variable speed requirements 
and need adjustable speed ranges. Various types of 
adjustable speed AC motor drives have been developed 
over the years. Depending upon control principles, 
drive can be classified as scalar controlled or vector 
controlled. Several studies have been carried out in the 
field of vector control system due to its better dynamic 
response. Vector control method is very complex and 
computationally intensive. However, scalar control 
method is simple and can achieve low steady state 
error. In this work scalar control method with constant 
V/f ratio is used. Generally, this method is used in low 
performance application like compressors and pumps. 
In this method, only frequency and amplitude of the 
stator voltage is varied. Induction motor is non-linear 
in nature [4]. Fuzzy Logic Control (FLC) methodology 
is commonly applied in constant V/f scalar control 
strategy to control the speed of motor. Fuzzy logic 
controller is excellent controller as it can work under 
non-linear condition. Fuzzy logic controller process 
work as human thinking [1]. It relates output to input 
without understanding all the variables, permitting 
more accurate result than conventional system.  
This paper is organized as follows. In Section II, 
system overview for speed control of Induction motor 
is explained. Section III explains technique used for 
PWM generation. Section IV talks about fuzzy logic 
controller and its working. Design of Simulink model 

for the system is described in Section V. In Section VI, 
simulation results for Fuzzy, PI and PID controller are 
shown. Finally, in Section VII, the main conclusions 
are outlined. 
 
II. SYSTEM OVERVIEW 
 
The overall system implementing proposed 
three-phase induction motor with fuzzy logic 
controller implementation is depicted in Figure 1. The 
speed control of the induction motor is carried out by 
maintaining the constant Voltage-Frequency ratio in 
order to avoid the air-gap flux variations and maintain 
constant torque. The speed of the induction motor is 
compared with the reference speed providing the input 
to the fuzzy controller with the speed error and change 
in error [4]. It determines desired drive frequency of 
the motor based on rule set and membership function 
defined in fuzzy logic controller. Five sets are defined 
for each input of FLC which leads to total 25 rules. 
Appropriate rule is used by FLC to maintain motor at 
reference speed under loading condition. The V/Hz 
function decides amplitude of the drive waveform. The 
induction motor is driven by the PWM based 
three-phase inverter bridge. The drive frequency and 
amplitude are then used to update the PWM duty 
cycles of the six PWM channels that drive the inverter. 
Finally, variable voltage and variable frequency AC 
supply generated by inverter drives the motor to run it 
up to desired speed. 

 
Figure 1: Block diagram of 3-ph motor speed control using Fuzzy logic 
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III. PWM GENERATION AND V/F CONTROL 
 
Pulse width modulation (PWM) is widely used 
technique for voltage-fed inverter control. The 
amplitude and frequency of the stator voltage of the 
control can be easily controlled by using PWM 
method. The most common PWM approach is 
sinusoidal PWM. In this method a triangular wave is 
compared with a sinusoidal wave of the desired 
frequency as shown in Figure 2. To control three-phase 
inverter, three sinusoidal waves of same frequency 
which are 120◦ apart are compared with carrier wave. 
The relative levels of the two waves is used to control 
the switching of devices in each phase leg of the 
inverter [2]. The inverter is constructed using IGBT 
switches, which has to be switched ON and OFF for 
generation of AC voltage. The switching ON and OFF 
is performed by PWM pulses with fixed ON time, 
which leads to generation of stepped AC wave [3]. The 
use of sinusoidal PWM generates an AC wave that 
closely resemble a sine wave. 
 

 
Figure 2: Sinusoidal PWM Generation 

 
The control method used in this is scalar control. It is 
widely accepted in industry because its simplicity and 
cost effectiveness. As in scalar control, only the 
magnitude of the variable is controlled so it is easy to 
design. Here V/f control method is used. The speed of 
induction motor depends on stator-applied voltage, 
and so the speed can be varied by varying stator 
voltage. But if the voltage is varied by keeping the 
frequency constant, then flux of the machine will also 
vary, which is undesirable. In order to operate machine 
in constant flux condition, the ratio V/f is maintained 
constant. In this work, frequency of the PWM pulses is 
decided by reference speed. The fuzzy logic controller 
corrects the frequency based on the error between 
reference speed and actual speed of the motor and 
change in speed error. Using this frequency, voltage is 
calculated using V/f ratio of the motor. This calculated 

voltage is normalized by maximum voltage supported 
by the motor. Normalized voltage (in the range of 0-1) 
controls the amplitude of the sinusoidal wave used 
which is compared with triangular wave to generate 
PWM pulses. 
 
IV. DESIGN OF FUZZY LOGIC CONTROLLER 
 
FLC have fixed set of rules, which we can derive by 
trial and error method or can use some expert’s 
knowledge [5]. FLC converts input value to linguistic 
value (crisp value) then apply the rules that are stored 
in FLC, and finally convert the linguistic value into 
numeric value. Number of rules depends on the 
number of input to the FLC [1]. For the Fuzzy 
controller, the speed error and change in speed error 
are considered as input linguistic variables and 
frequency of input of motor is considered as output 
linguistic variable. Figure 3 shows Fuzzy rule editor 
provided by Simulink. Triangular membership 
functions (MF) are selected for both the inputs and 
output. In this work, Mamdani type of fuzzy inference 
is used. The MF, input, output variables of linguistic 
variables and rule sets are selected by trial and error to 
achieve optimum performance. Following five fuzzy 
rule sets are used [6]: NL (Negative Large), NS 
(Negative Small), ZE(Zero), PS (Positive Small) and 
PL (Positive Large). Hence, there are total 25 rules 
defined for this system. 
 

 
Figure 3: Input and Output used in Fuzzy Logic 

 
As there are 25 rules (If-Then), the accuracy of the 
system increases. Each input operating range is 
defined with help of some experiment. In this 
particular case, error ranges from (-50 to 50), change 
of error ranges from (-1 to 1) and change of control 
ranges from (-50 to 50). The MF used for error input, 
change in error input and output is shown in Figure 4, 
Figure 5 and Figure 6 respectively. 
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Figure 4: Error Input used in Fuzzy Logic Controller 

 

 
Figure 5: Change of Error Input used in FLC 

 

 
Figure 6: Change of Control Output used in FLC 

 
V. SIMULATION 
 
The simulation of speed control of a three-phase 
induction motor is done using MATLAB/Simulink 
environment. Complete system is developed using 
power electronics toolbox and basic functions 
available in the Simulink library of MATLAB. 
Simulink model with Fuzzy Logic Controller is shown 
in Figure 7. 
 

 
Figure 7: Simulation of three phase Induction Motor using Fuzzy 

Logic Controller 
 
Fuzzy logic controller output decides frequency of 
PWM output. Sine wave generator block inside SPWM 

generator is used to generate variable frequency sine 
waves as shown in Figure 8 and 9. It uses lookup table 
method. This sine wave is compared with triangular 
wave to generate PWM output. 
 

 
Figure 8: Generation of Sinusoidal PWM pulses 

 

 
Figure 9: Variable frequency sine wave generator using look-up 

table method 
 
VI. RESULTS 
 
Simulation of speed control of the motor is first done 
using Fuzzy Logic Controller and then by using PI and 
PID controller. Speed of motor gets affected under 
loading condition. FLC, PI and PID controller are 
tested under different loading conditions for three 
different reference speed. Figure 10 shows the speed 
response of motor under no-load condition. It can be 
observed Fuzzy controller settles with less time as 
compared to PI and PID controller where PID have less 
overshoot as compare to PI controller. Table 1 shows 
comparison of rise time (tr), settling time (ts) and 
Percentage overshoot (%O) for Fuzzy, PI and PID 
controller for three different motor speed under no 
loading condition. 
 

 
Figure 9: Speed response of motor for Fuzzy, PI and PID 

controller under No-Load condition 
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Table 1: Comparison of Fuzzy Logic, PI and PID 
Controller under various conditions 

 
 

There are two important factors which can affect the 
speed of the motor which is driven by inverter. They 
are load torque and desired reference speed. Different 
conditions are considered while analyzing 
performance of the Fuzzy controller. These conditions 
are as follows  

 Change in reference speed at constant load 
torque 

 Change in load torque at constant reference 
speed 

For these cases, settling time of the speed of the motor 
is considered when either load torque or reference 
speed is changed. Speed response for motor using 
proposed Fuzzy controller, PI and PID controller is 
shown in Figure 11 when reference speed is changed 
from 1000 rpm to 600 rpm. It can be observed that 
Fuzzy controller settles within very less time as that of 
PI and PID controller. For these cases, settling time of 
the speed of the motor is considered when either load 
torque or reference speed is changed. 
 

 

CONCLUSION 
 
The performance of the Fuzzy controller for the scalar 
control SPWM voltage fed three-phase induction 
motor drive has been simulated. It is compared with 
that of conventional PI and PID controller’s 
performance. The designed Fuzzy controller is 
simulated under various load conditions and reference 
speed points. The simulation results show that Fuzzy 
controller realizes good dynamic behavior in terms of 
speed of the motor under sudden changes of load and 
reference speed with less settling time. So it can be 
concluded that Fuzzy controller achieves better system 
performance with simplistic design as compared to PI 
and PID controller. 
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