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 TABLE 1. PARAMETER OF IM [16]
Quantity 

Power (P) 
Rated voltage (V) 

Poles (P) 
Stator resistance (Rs) 
Rotor resistance (Rr) 
Stator inductance (Ls) 
Rotor inductance (Lr) 

Frequency (f) 
Mutual inductance (Lm) 
Moment of inertia

 
(J)
 

Settling time of plant
 

(Ts) 
Time constant of speed lter

 
(Tw)

 
Gain of current transducer

 
(Hc)

 
Steady state eld current

 
(if)

 Control frequency
 

(Fc)
 

Magnitude/Symbol 
5 Hp 

220 V 
P = 4 

Rs=0.277?  
Rr=0.183?  
Ls=0.0553H 
Lr=0.0583H 

f=50 Hz 
Lm=0.0583H 

J=0.011667Kg-m
 

TS=10s
 

Tw=0.002
 

HC=0.333V/A
 

if=6A
 Fc=2000Hz

 

16

Stop Response
20

15

10

5

0

-5

A
m

p
li

tu
d

e

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (seconds)

FIG. 1. OPEN LOOP RESPONSE OF THE SYSTEM
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TABLE 2. PERFORMANCE PARAMETER OF THE SYSTEM 
Performance Parameters 

Rise Time (s) 
Settling Time (s) 

Overshoot 

Open Loop Response of System 
3.0799e-04 

0.0651 
1.7896e+03 

 

IEEEP New Horizons, Volume 101, Nos. 1-2, January-December, 2019 [ISSN: 2226-3659]



 
C(s) P(s)

r e
+

-

yu

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3.

0.2

0.1

0

-

-

-

-

-

-

-

-

-

- - - - - - -

- - - - - - -

-

-

-

-

-

-

-

-

-

0 0.2 0.4 0.5 0.8 1 1.2 1.4 1.6
Time (seconds)

A
m

p
lit

u
d
e

Stop Response

-6x 10

 TABLE 3. PERFORMANCE PARAMETER OF THE PD CONTROLLER
Performance Parameters 

Rise time (s) 
Settling time (s) 

Overshoot 

With PD Controller 
6.6101e-07 
1.1600e-06 

0.0735 
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TABLE 4. PERFORMANCE PARAMETER OF THE PID CONTROLLER 
Performance Parameters 

Rise Time (s) 
Settling Time (s) 

Overshoot 

With PID Controller 
1.6668e-07 
2.9750e-07 

0 
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FIG. 2.  FEEDBACK CONTROLLED SYSTEM BLOCK 
DIAGRAM [18]

FIG. 3. STEP RESPONSE OF PD CONTROLLER
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TABLE 5.RULES BASE FOR THE FUZZY CONTROLLER
ECE 
NB 
NS 
ZE 
PS 
PB 

NB 
NB 
NB 
NS 
NS 
ZE 

NS 
NB 
NS 
NS 
ZE 
PS 

ZE 
NS 
NS 
ZE 
PS 
PS 

 
PS 
NS 
ZE 
PS 
PB 
PB 

PB 
ZE 
PS 
PS 
PB 
PB 

18

Performance and Comparative Analysis of Speed Control of IM using Improved Hybrid Fuzzy Gain 
Scheduling of Proportional Integral Derivative Controller

IEEEP New Horizons, Volume 101, Nos. 1-2, January-December, 2019 [ISSN: 2226-3659]

FIG. 6. MEMBERSHIP FUNCTION PLOT FOR ERROR

FIG. 7. MEMBERSHIP FUNCTION PLOT FOR CHANGE IN ERROR
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FIG. 11. 3D SURFACE VIEW
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1.6668e-07
 

2.9750e-07 

6.6101e-07 

1.1600e-06 

3.0799e-04 
 

  TABLE 6. COMPARISON BETWEEN ALL THE CONVENTIONAL

Performance 
Parameters

Rise time (s)

Settling time (s)

Overshoot

 

Step Response 
of System

0.0651

1.7896e+03

With PD 
Controller

0.0735

With PID 
Controller

0
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TABLE 7. GAIN VALUES AT RANDOM VALUES 
OF “ERROR” AND “CHANGE IN ERROR”

 
Over 
Shoot 

0 

0 

0 

0 

0 

0 

0 

Settling Time  
(s)  

5.8594e-09  

5.8300e-09  

5.7311e-09  

6.8712e-09  

4.4304e-09  

8.9842e-09  

5.8713e-09  

Rise Time  
(s)  

3.2904e-09  

3.2740e-09  

3.2184e-09  

3.8587e-09  

2.4880e-09  

5.0451e-09  

3.2972e-09  

Kd  

0.809  

0.814  

0.828  

0.69  

1.07  

0.528  

0.808  

Ki  

187  

187  

188  

180  

202  

171  

187  

Kp  

351  

351  

352  

341  

373  

327  

351   

[Error, Change in 
Error]  

[0,0]  

[0,0.5]  

[0.5,0]  

[-7,7]  

[0,10]  

[-10,0]  

[-10,10]  
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