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Abstract 
This paper presents the effects of parameters variation over the speed response of vector 

controlled induction motor drives for high performance applications. The design and simulation of fuzzy 
logic controller are considered based on design case constant parameter fuzzy logic (DCCPFL) 
controller.The scaling factors for DCCPFL controller are calculated based on identified motor 
parameter.The performance of the DCCPFL is compared with conventional PI controller. Three different 
parameters is tested under no-load and loaded conditions namely rotor resistance, inertia and self-
inductance.From the simulation results, it is proved that the DCCPFL have better performance in term of 
different parameter variations and also load disturbances. Thus the DCCPFL is appropriate to replace the 
conventional PI for high performance of induction motor drives system. 
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1. Introduction 

The induction motor is the motor of the choice in several industrial application due to its 
reliability, power to size ratio, ruggedness and relatively low cost. In last few decade, the 
induction motor has involve from being a constant speed motor to a variable speed, variable 
torque machine. The induction motor is robust, smaller in size, almost maintenance free and 
possess a wide range of speed when compare to DC motor. Their mechanical dependability is 
due to the reason that there is no requirement of mechanical commentator.  

However, conventional control of an induction motor is difficult due to strong nonlinear 
magnetic saturation effects and temperature dependency of the motor’s electrical parameters 
[1, 2]. Generally, the conventional control approaches require a complex mathematical model of 
the motor to develop controllers for quantities such as speed, torque, and position [2, 3]. Model-
based calculations must be performed specifically for each motor, and the resulting model-
based controllers may not perform well if temperature change causes parameter values to 
change.  

In order to achieve high performance and better controllability, vector control or field 
oriented control of induction motor drive should be employed [3-5]. By using this method, the 
induction motor can be controlled like a separately excited dc motor. This method enables the 
control of field and torque of the induction machine independently by manipulating the 
corresponding field oriented quantities. 

Nevertheless, the motor performance will be degraded face to motor parameters 
variation or unknown external disturbances [6, 7]. To offer control robustness with minimum 
complexity many strategies have been proposed in literature [8, 9]. In [6, 10] fuzzy logic 
controller were used to realize the robustness of the controller for high performance  of induction 
motor drive system. 

Fuzzy logic controller (FLC) has been proposed for speed control in vector control of 
induction motor drives in [11, 12]. The most common fuzzy logic controllers are based on 
constant parameter fuzzy logic (CPFL) [13]. The CPFL controller has already been successfully 
implemented in high performance vector controlled drive [14]. The CPFL controller has two 
inputs that are speed error and change of speed error. The output of the CPFL controller is a 
torque current command which need to be increased or decreased according to the speed error 
and change in speed error. Numerous researchers have used an off-line optimized CPFL 
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technique [4], [14-15]. This technique is used to tune the membership functions, fuzzy rules and 
scaling factors based on trial and error until desired response is obtained. The desired response 
means that the response which has short settling time and zero overshoot. However, tuning 
FLC is more difficult than tuning a conventional PI. A FLC has more than two parameters which 
can be adjusted and that can lead to a different behavior of the controlled process. 

Furthermore, tuning of scaling factors is very important because a change of scaling 
factors can affect the stability, oscillation and damping of the system [2]. Therefore, some 
researchers have proposed a design case CPFL (DCCPFL) to minimize the difficulty associated 
with trial and error approach to scaling factors tuning [13, 16]. The DCCPFL controller is based 
on the controller designed in off-line optimized CPFL and the scaling factors are calculated 
using known motor data [2, 17]. 

This paper studies the effect of parameters variation such as rotor resistance, Rr, 
inertia, J and self-inductance of the rotor, Lrinconventional PI speed controllerand DCCPFL.  
 
  
2. Vector Control of Three Phase Induction Motor 

The mathematical model of the three-phase squirrel cage induction motor in 
synchronously rotating reference can be expressed [18] as (1-8): 
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And the flux equations are: 
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In this equations, the various symbols denote the following: qsV and dsV are theapplied 

voltages to the stator; ids, iqs, idr, and iqr, the corresponding d and q axis stator currents and rotor 
currents; φqs, φqr, φds, φdr, are the stator and rotor flux component; Rs, Rr are the stator and rotor 
resistances; Lls, Llrindicatesself-inductancesstator and rotor respectively, whereas Lm is the 
mutual inductance. The electromagnetic torque equation of the induction motor is given by: 
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P indicates the pole number of the motor. If the vector control is fulfilled, the q-axis 
component of the rotor field φqr would be zero. Then the electromagnetic torque is controlled 
only by q-axis stator current and becomes: 
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The rotor flux quantities are estimated using computational rotor time constant, rotor 
angular velocity and stator current as in (11). 
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Figure 1 shows the block diagram of vector control induction motorwith hysteresis 
current controller using FLC. The d-axis current reference   

 , can be calculated from the flux 

command    
 denotes the right rotor flux command for every speed reference within the nominal 

value. The rotor speed reference   
  is compared with measured rotor speed   and FLC 

processed the resulting error toproduce q-axis reference current    
 . Both    

  and     
 are 

converted to three phase stationary reference frame through Inverse Park’s Transformation and 
compared to the current from the feedback of the motor. Then the current errors are fed to 
hysteresis current controllers which generate switching signal for the inverter. The Simulink 
model of vector control of induction motor is shown in Figure 2. 
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Figure 1. Indirect vector control with hysteresis current band 

 
 

 
Figure 2. Simulink block diagram of induction motor drives system 

 
 

3. Fuzzy Logic Controller 
The structure of FLC consists of the input linguistic variables; the speed error,e and 

change in speed error,ce and the output linguistic variable; the torque producing current 
component,    

           Figure 3 shows the structure of FLC. The correlation function of FLC 

can be expressed as [4] 
 

        
        

        (            )      (12) 

 
Where, the change of speed error can be written as,  
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                              (13) 
 
The present sample of speed error is: 
 

          
                  (14) 

 
      is motor actual speed,   

     is past sample of reference speed and   
represents the nonlinear function. 
 
 

 
Figure 3. Structure of Fuzzy Logic Controller 

 
 
3.1. DCCPFL 

Based on DCCPFL, Gce and Ge are calculated using known motor data. Rated speed of 
the motor is 1300rpm and an assumption is made that this value is the maximum speed of 
operation of the motor. Thus, maximum speed error is 136.1357 rad/s for start-up from standstill 
and the scaling factor for the speed error is obtained as [2, 19]: 
 

    
 

        
           

 
The scaling factor for the change in speed error is calculated on the basis of rated 

inertia and maximum torque that the motor is allowed to develop, taking sampling time 20µs.  
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Then, 
 

           
 

Therefore  
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Output scaling factor is set to Gcu = 2. 
 
3.2. Rule Base 

Mamdani’s type of rule has been used in this work because it can provide a natural 
framework to convert the human knowledge into fuzzy “IF….THEN rules. These statements 
governing the relationship between inputs and outputs variables in terms of membership 
functions. In this stage the input variables e and ce are processed by the inference engine that 
implements the rule base of 49 rules presented in Table 1. The linguistic terms used for inputs 
and output variables are defined as: NL is Negative Large, NM is Negative Medium, NS is 
Negative Small, ZE is Zero Error, PS is Positive Small, PM is Positive Medium and PL is 
Positive Large. 
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Table 1. Rule Base for FLC 
  ce   
 
e 

NL NM NS ZE PS PM PL 

NL NL NL NL NL NM NS ZE 
NM NL NL NL NM NS ZE PS 
NS NL NL NM NS ZE PS PM 
ZE NL NM NS ZE PS PM PL 
PS NM NS ZE PS PM PL PL 
PM NS ZE PS PM PL PL PL 
PL ZE PS PM PL PL PL PL 

 
 
3.3. Membership Function 

The standard membership functions used for DCCPFLis shown in Figure 4. Seven 
triangular membership functions are used to denote the input and output FLC variables. The 
triangular membership functions are designed to be symmetrical and identical in terms of width 
and peak position.  
 
 

 
 

Figure 4. Standard membership functions for SCPFL and DCCPFL 
 
 
3.4. Defuzzification 

Generally the output of fuzzy controller has to be translated into a crisp value by using 
defuzzification technique. In this work, the center of area (CoA) method is used.  
 
 
4. Simulation Results 

Several simulation tests of FLC and PI controller based vector control of induction motor 
were presented using MATLAB/SIMULINK. The motor used in the simulation is 415V, 3 phase 
squirrel cage induction motor with a 1.5kW rated power. The parameters of the motor are given 
in Table 2. 
 
 

Table 2. Induction motor parameters 
 
 
 

 
 

Figure 5 shows the comparison of speed response of PI controller and DCCPFL with a 
reference speed of 1300rpm underrated conditions. The PI controllers shows an overshoot and 
takes longer time to achieve a steady statecompared to DCCPFL.  
 

Parameter Value 

Stator resistance, Rs 4.6 Ω 

Rotor resistance, Rr 5.66 Ω 

Stator inductance, Ls 0.3153 H 

Rotor inductance, Lr 0.3153 H 

Mutual inductance, Lm 0.3 H 

Moment of inertia, J 0.004 Kgm
2 

Number of poles 4 
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(a) 

 
(b) 

 
Figure 5. Speed response of the drive with rated conditions (a) PI controller (b) DCCPFL 

controller 
 
 

Figure 6(a) and Figure 6(b) give the results of speed response using PI controller and 
DCCPFL respectively which considering the changes of rotor resistance value, Rr. When Rr was 
reduced to half rated value, the results show the increasing of delay and rise time of speed 
response compared to rated Rr and double rated Rr. But, to achieve steady state DCCPFL 
shows better performance. It is only take 0.1s for DCCPFL compare to PI is 2.5s even the value 
of Rr was change. 
 
 

 
(a) 

 
(b) 

 
Figure 6. Speed response of the drive with parameter variation of rotor resistance, Rr (a) PI 

controller (b) DCCPFL controller 
 
 

In Figure 7 shows the effects of difference inertia applied to the motor. Figure 7(a) 
shows the PI controller with double rated inertia contributed more time to rise the speed from 
zero to speed reference compare to rated value. Increase value of inertia also gave effect to 
DCCPFL controller as shown in Figure 7(b). Though the rise time of speed response is increase 
but the difference of the settling time is only 0.02s. 

 
 

 
(a) 

 
(b) 

 
Figure 7. Speed response of the drive with parameter variation of inertia, J (a) PI(b) DCCPFL 
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The simulation test with variation of self inductance rotor, Lr is reported in Figure 8 for 
full rated, one and half rated and double rated value of Lr. The response of PI controller as 
Figure 8(a) shows that when the value of Lr changed the transient performance degraded. 
Speed response for PI with rated value shows a speed overshoot of 5% compared to 7% and 
9% of one and half rated and double rated value of Lr.These three variation values of Lr show 
settling time as 2.5s, 2.57sand 2.63s respectively. DCCPFL controller as Figure 8(b) shows no 
overshoot for three different value of Lr. For rated value, one and half rated value and double 
rated value are 0.11s, 0.12s and 0.14s respectively. It shown that escalation value of Lr give 
effect to the rise time of both controller.  
 
 

 
(a) 

 
(b) 

 
Figure 8. Speed response of the drive with parameter variationof self inductance rotor, Lr a) PI 

controller b) DCCPFL 
 
 

In addition, the performance of parameter variations for both controllers also tested for 
load disturbance with half rated load 5N/m. Figure 9 shows load disturbance rejection with 
different value of Rr. For PI controller as given in Figure 9(a), three value of Rr perform almost 
same responded at t=3s the speed drop to 1254rpm and after 2.4s speed response adjusted 
back to the speed command 1300rpm. Conversely, DCCPFL gave better performance as 
presented in the Figure 9(b). When load is given at 3s for double, full and half rated of Rr, the 
speed decline to 1297.1rpm, 1297.3rpm and 1297.1rpm, respectively. Moreover, the settling 
time of load disturbance rejection are very fast. It is only take 0.025s to follow the speed 
command. 
 
 

 
(a) 

 
(b) 

 
Figure 9. Load disturbance rejectionwith parameter variation of rotor resistance, Rr at half rated 

load 5N/m  a) PI controller b) DCCPFL 
 
 

Figure 10 shows load disturbance rejection with three different value of inertia, J. In 
Figure 10(a) indicates that in PI controller, a small changes occurred while increase the inertia 
value.The speed drip to 1254rpm. It takes 2.2s to reject disturbance. In comparison with 
DCCPFL as in Figure 10 (b), the speed for rated inertia was dip to 1297.3 rpm and others two 
aresame1297.9 rpm. The settling time for rejection disturbance of those values are 0.022s.  
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(a) 

 
(b) 

 
Figure 10. Load disturbance rejection with parameter variation of inertia, Jat half rated load 

5N/m  a) PI controller b) DCCPFL 
 

 
Finally, the simulation test is done for load disturbance rejection with three different 

value of self-inductance rotor, Lr. In Figure 11(a) shows the speed response of PI controller. 
There are three different transient response occurred for one and half rated, full and double 
rated value of Lr. The lowest speed shot to1208rpm for double rated Lr compared to one and 
half rated, 1230 rpm and full rated, 1254 rpm. The speed response of DCCPFL controller as 
shown in Figure 11(b) gave better response compared to PI controller. For double rated Lr, the 
speed dip to 1276 rpm and both half and full rated Lr are 1287 rpm and 1297 rpm, respectively. 
In addition, the settling time to achieve steady state for each Lr was different. The duration for 
settle down the disruption of load for full rated Lr was 0.018s. However, when the Lr was 
increased up to 50%, the settling time was shorter than full rated Lr which was 0.004s. But when 
the value of Lr was doubled the rejection time was 0.03s. Thus, the effect of Lrvariations is very 
small tothe performance of DCCPFL controller. 
 
 

 
(a) 

 
(b) 

 
Figure 11. Load disturbance rejection with parameter variation of self-inductance rotor, Lr at half 

rated load 5N/m;  a) PI controller b) DCCPFL 
 
 
5. Conclusion 

In this paper the influence of parameter variations is investigated forDCCPFL and 
conventional PI controller of vector controlled induction motor drives in simulation environment. 
For Fuzzy Logic Controller, the DCCPFL is choose because of the easy way to get the scaling 
factors value by calculate it from the known motor data. The drives performance has been 
evaluated under load disturbance and different parameters. From this study, it can be concluded 
that parameters variation give minimum effect to DCCPFL compare to conventional PI 
controller. It is shown from the simulation results that DCCPFL gave better performance in term 
of faster time to achieve steady state and to settle disturbance rejection. Thus, the DCCPFL 
shows its robustness against load disturbance and parameter changes.  
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