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Abstract— A Three phase induction motor is one of the most 

popular and versatile motor in electrical drive system in 

industries. This Experimental work focuses on the speed 

control of two motor systems tightly for the quality of 

product and productivity. This work presents the 

synchronized control system consisting of two motors which 

can be controlled using closed loop fuzzy based PI 

controller. The motor speed is selected as the control 

parameter which reduces the manual effect that results in the 

change of the modulating signal. The modulating signal is 

distinguished into three sinusoidal waveforms using the sine 

wave generator. The simulation result shows the speed 

control by obtaining optimal value of speed and 

Proportional–Integral (PI) tuning parametersKP𝑎𝑛𝑑 𝐾𝐼. 
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I. INTRODUCTION 

Variable speed Induction Motor has been used widely for 

the industrial applications. Synchronization techniques can 

be implemented by using high efficiency induction motor. 

The Existing techniques used are Master-Slave, Cross 

Coupling Technique, and Bi-axial cross coupled control 

method. A conventional PI controller is compared with 

fuzzy logic controller using MATLAB/Simulink. It is based 

on the compensation control. Here one motor1 is used as 

primary motor, while other is considered as driven motor. 

The rotational speed of primary motor is used to settle the 

speed of the driven motor. The speed of the primary and the 

driven motors are compared and the differential value is 

added to the driven motor speed which changes the 

frequency with respect to the load applied. By using this 

method of synchronization accuracy is improved. Also load 

disturbance and noise are reduced. Fuzzy is a technique 

employed for obtaining optimal value of speed and 

Proportional–Integral (PI) tuning parameters𝐾𝑃 𝑎𝑛𝑑 𝐾𝐼 .  

In this paper, Fuzzy Logic Controller (FLC) is 

being developed. FLC offers a linguistic approach to 

develop control algorithms for any system. It maps the input 

and output based on human expertise and hence, does not 

require an accurate mathematical model of the system and 

can handle the nonlinearities that are generally difficult to 

model. Fuzzy control techniques are used to control speed 

and improve performance of induction motor drive using 

fuzzy control. The implementation of speed control using 

FLC in Matlab/Simulink environment and their simulation 

results are given to demonstrate and compare between 

Fuzzy and PI control. Conclusion and reference are 

mentioned in the last section. 

II. STATEMENT OF THE PROBLEM 

Because of the requirements for various performances of 

mechanism and quality of product in industry field recently, 

control technology which only aims at single motor does not 

satisfy. It is demand of modern science and technology any 

longer. It is also affected by drive performance miss match, 

load disturbance, Noise and many other factors. . But there 

are some shortcomings in the dynamic condition by this 

way. This is because the dynamic performance of each 

motor is different. The dynamic performance of the motor 

changes continually. It is due to the influence of some 

disturb factors from load and noise. This paper will 

demonstrate the improvement in the motor drive 

performance using Fuzzy logic based PI Control. 

III. MATHEMATICAL MODEL OF TWO MOTOR SYSTEMS 

The mathematical model of two motor synchronize system 

is shown in figure 1.Two motor are respectively drove by 

PWM Inverter. The motor1, motor2 two motor jointly drive 

one conveyor belt, after they are decelerate by floating 

rollers strain the conveyor belt to increase friction between 

the conveyor belt and the driving rollers.  The gear ratio 

between motor and roll is one to one the basic dynamic 

equation can be derived as Speed of motor 1. 

𝑤1=1/𝐽1(T-𝑟1f)                             (1) 

Speed of motor2:  𝑤2=1/𝐽2 (T-𝑟2f)          (2) 

IV. PROPOSED METHODOLOGY 

Two motor synchronized control system is widely used in 

the industrial fields. In particular AC motor drive system is 

widely used in the field of steel processing line, paper 

rolling mill, metallurgy, spinning mill etc. 

Synchronization directly affects the product quality 

and productivity. It is also affected by the drive motor 

performance miss match, load disturbance, noise and many 

other factors. This paper is based on the paper rolling mill 

application. The two motor mechanical set up Motor1 (M1), 

Motor2 (M2) are considered as shown in Fig1the paper roll 

is wounded over the two motor setup. The M1is considered 

winding and at the same time M2 is kept unwinding. When 

the paper roll machine starts M1 speed is low, since the 

radius is high and M2 speed is high since the radius of paper 

roll is low. As the paper rolls the M2 speed decreases when 

paper roll radius increases correspondingly. Winding and 

unwinding roller simultaneously change the speed because 

of load variation. RL circuit is used to measure sinusoidal 

voltage, current and frequency of motor. PWM generator is 

used to generate carrier signal and it is compared with the 

reference signal. The square wave pulse generated is given 

as the input to IGBT inverter. 
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A. Closed Loop Control System 

The structure of two motor closed loop control system 

shown in Fig 1. The system is made of two parts 1) PI 

controller directly control the speed of closed loop. 2) Fuzzy 

which adjust the parameter of PI controller on line to get the 

optimal performance of the speed KP, KI values. 

 
Fig. 2: Two motor electrical drive system 

B. PI Controller Design 

The proportional, integral controller is a device produce 

output signal u(t) consisting of two terms one proportional 

to input signal e(t) and other proportional to the integral of 

the input signal e(t). 

u(t) = kpe(t) + ki ∫ e(t)dt (3) 

Where, 

KP-proportional gain 

KI-integral constant (or) gain 

Transfer function of PI controller 

𝐺𝑐(𝑠) =
𝑢(𝑠)

𝑒(𝑠)
= 𝑘𝑝 + 𝑘𝑖/(𝑠)   (4) 

The PI controller reduces the steady state error. The 

Introduction of PI controller increases the order and type 

number of the system by one. 

V. FUZZY CONTROLLER 

Fuzzy control also belongs to error feedback control 

essentially. According to the relationship between output 

control variable fuzzy controller and controlled variable and 

speed loop. In order to reduce work load and soft memory. 

Practical experience as long as input variable of two fuzzy 

controllers are different Fuzzy control system is mainly 

determined by the structure of fuzzy controller, fuzzy rule 

inference synthesis algorithm and fuzzy decision. The 

structure fuzzy PI controller design as follows taking fuzzy 

controller of speed control loop as object Motor1 and KP, KI 

Values as variable reference input as control system is 

speed1 input of fuzzy controller. 

A. Fuzzification 

Fuzzification interface involve the following functions 

 Measure the value of input variable 

 Performs the function of fuzzification that converts 

input data into suitable linguistic variable 

B. Knowledge base 

Knowledge base consist data base and linguistic control rule 

base 

 The data base provides necessary definitions, which 

are used to defined the control rules. 

 The rule base characterized the control goals and 

control policy of the domain experts by means of 

control rules. 

C. Defuzzification 

Defuzzification interface performs the function: A Scale 

mapping which convert the range of value of output variable 

in to Newkp,ki  value. 

D. Rule creation and inference 

 Expert experience and control engineering knowledge. 

 Operator control action. 

VI. RESULT ANALYSIS 

To evaluate the performance of two motor speed controls 

system a measurement has been accomplished. The 

Performance of fuzzy logic controller was obtained using 

fuzzy tuning rule based on reference speed, KPand𝐾𝐼Values 

with load torque. 

Speed of 

motor (1) 
KP KI 

Speed of 

motor(2) 
KP KI 

460 1.0 0.7856 1491 1.832 1.204 

472 1.012 0.856 1331 1.7 1.202 

492 1.004 0.876 1204 1.651 1.30 

512 1.112 0.90 1097 1.552 1.34 

534 1.122 0.944 1009 1.4692 1.345 

584 1.174 1..02 867 1.350 1.30 

612 1.204 1.001 811 1.303 1.29 

644 1.230 1.2 761 1.298 1.28 

680 1.233 1.202 717 1.27 1.208 

718 1.294 1.21 679 1.26 1.10 

762 1.316 1.214 643 1.24 1.009 

812 1.347 1.22 611 1.20 1.00 

934 1.386 1.225 583 1.54 1.10 

1010 1.402 1.225 537 1.35 1.12 

1098 1.423 1.23 511 1.25 1.021 

1205 1.454 1.233 490 1.20 1.00 

1332 1.463 1.234 471 1.102 0.995 

1492 1.546 1.232 450 0.8999 0.456 

Table 1: Winding and Unwinding Experiment 

 
Fig. 3: Response of stator Voltage 
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Fig. 4: Response of stator current 

 
Fig. 5:  Response of rotor speed 

 

 
Fig. 6: Fuzzy inference System 

Manual Tuning results Fuzzy Results 

Speed 

of 

Motor 

(1) 

KP KI 

Speed 

of 

Motor 

(2) 

Spee

d of 

Moto

r(1) 

KP KI 

Speed 

of 

Motor 

(2) 

1098 
1.3

31 

1.4

62 
511 1071 

1.3

4 
0.42 545 

934 
1.3

70 

1.4

52 
583 926 

1.3

1 

0.49

5 
593 

812 
1.3

63 

1.3

42 
611 862 

1.2

6 

0.52

3 
627 

718 
1.3

42 

1.3

22 
679 724 

1.1

0 

0.54

6 
653 

612 
1.3

12 

1.0

12 
811 604 

0.9

9 

0.56

2 
798 

584 
1.1

7 

0.9

98 
867 571 

0.9

8 

0.65

4 
854 

Table 2: Comparison Manual Tuning and Fuzzy Result 

VII. CONCLUSION 

Optimal value of PI controller tuning parameters k_p,k_i  is 

determined using trial Fuzzy logic controller. It is used to 

determine the speed of two motor systems. The performance 

result gives low settling time of speed. Optimal speed is 

attained by using fuzzy based PI controller. In future this 

method can be implemented for multi motor systems also. 

The simulation result shows the speed control by obtaining 

optimal value of speed and Proportional–Integral (PI) tuning 

parameters K_P and K_I. 
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