
JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.56-64. 

 

 

 

MODELING AND SIMULATION OF INDUCTION MOTOR FACTORING THE 

EFFECT OF SATURATION 

 

 

IBRAHIM, S.B. 

 

Department of Electrical Engineering, Bayero University, Kano 
 

ABSTRACT 

 
Traditionally prediction of induction motor performance is done using the conventional constant 
parameter model.The model assumes the saturation effect of the motor to be negligible, and is 

often inaccurate in predicting certain states of the motor especially, during large signal transient 

conditions such as direct on-line starting. The saturable magnetizing reactance model accounts 
for saturation effect in the mutual flux of the motor. Using the saturable model, the transient 

performance characteristics of the induction motor have been predicted and correlated with the 

results predicted by the conventional constant parameter model.The saturable magnetizing 
reactance model clearly demonstrates an improvement in terms of the induction motor 

performance over the conventional constant parameter model.This shows that detailed 
representation of saturation effects in induction motor modeling and simulation is important in 

induction motor analysis, particularly, when the motor is subjected to large–signal disturbances 

such as direct on-line starting. 
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1.            INTRODUCTION 

 

The traditional method of prediction of machines 

performance has been applied by several authors 

(Krause and Thomas, 1965; Jordan, 1967; 

Chattopadhyay, 1976).  The method is based on 

conventional constant parameter model (CCPM).  

The model assumes that the effect of saturation in 

machines can be neglected and have yielded good 

engineering results for both steady-state and most 

transient conditions (DeMello and Walsh, 1961; 

Ostovic, 1974; Brown et al., 1983; Ramshaw and 

Xie, 1984; Melkebeek, 1993; He and Lipo, 1994).  

However, the model has frequently not been 

sufficiently accurate for certain large signal 

conditions such as direct on-line starting. The 

constant parameter model assumes that the values 

of the magnetizing reactance, stator leakage 

reactance and the rotor leakage reactance of the 

motor are constant, and thus do not vary with the 

magnetizing current.  An important problem 

associated with the conventional model is that 

while they may be accurate for predicting certain 

states of the machine, such as in-rush currents, 

they tend to give higher than measured 

electromagnetic torque (Ramshaw and Xie, 1984).  

Since the electromagnetic torque is in essence, the 

space vector product of stator current and air-gap 

flux, this inconsistency casts doubt on the validity 

of the conventional constant parameter model 

during such conditions.  To remedy these 

inconsistencies, a modified equivalent circuit 

model that accounts for saturation effects in the 

mutual flux of the machine is considered. 

Several methods have been developed for the 

modeling of saturation effects in induction 

machines, each differing in areas of application 

and in the part of the machine that inductances are 

assumed to saturate. 

Because of the importance of starting phase of an 

induction motor, an accurate prediction of starting 

currents and the duration of the starting period is 

an essential application consideration. 

Unfortunately, the values of the equivalent circuit 

parameters of an induction machine vary widely 

during starting.  In particular, the large inrush 

currents which flow in the motor during 

acceleration of the motor from rest position results 

in large values of slot leakage flux in both the 

stator and rotor slots which often begin to saturate 

the teeth of the motor.  As a consequence, the 

inductances of the motor which are normally 
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considered constant in conventional constant 

parameter induction motor model become 

functionally dependent on the motor currents. In 

addition, deep bar effect causes the rotor current to 

shift to the tops of the rotor bars during starting, 

resulting in an increase in rotor resistance and a 

decrease in leakage inductance with increasing 

slip-frequency. 

Core saturation mainly affects the value of the 

mutual inductance and to a much lesser extent, the 

stator and rotor leakage inductances of the 

induction motor (Ong, 1998).  In many dynamic 

simulations, the effect of core saturation may be 

assumed to be confined to the mutual flux path 

(Ong, 1998).   

Some of the methods that have been used for 

incorporating the effects of core saturation in the 

dynamic simulation of an induction motor are: (i)  

Using the appropriate saturated value of the mutual 

reactance of the motor at each time step of the 

simulation.  (ii) Approximating the magnetizing 

current of the motor by some analytic function of 

the saturated flux linkage.  (iii) Using the 

relationship between saturated and unsaturated 

values of the mutual flux linkage of the motor.  

When flux linkages are chosen as the state 

variables, as is the case in this paper, method (iii) 

is preferred. 

With the aid of magnetizing saturation factor of  

the motor, the equations of the motor in the 

stationary reference frame accounting for 

saturation effects in the mutual flux of the motor 

are derived.  The saturable reactance model is used 

to predict the transient performance of the 

induction motor during a direct on-line starting. 

The predicted results are compared with simulation 

results obtained from a conventional constant 

parameter model. 

 

2.    MATERIALS AND METHODS      

 

2.1 Model Assumptions 
Some important factors which affect the 

performance of the inductionn motor, but have 

been neglected in the saturable magnetizing 

reactance model are presented as follows: 

 

o The stator and rotor resistances are 

independent of temperature and frequency;  

o The currents flowing in the stator and rotor 

windings are fundamental components only so 

that the harmonic components are neglected; 

o The air-gap is uniform thereby neglecting the 

effect of stator and rotor slots and skewing; 

o The stator phase windings are identical and are 

arranged so that their distribution in space is 

sinusoidal; 

o The eddy current and hysteresis losses are 

neglected; 

o The electrical and magnetic processes in any 

two adjacent poles are same, so that the model 

equations are derived for a 2-pole motor; 

 

2.2 Induction Motor Equations Including 

Saturation Effects 

The equations used to define the transient 

behavior of an induction machine are generally 

represented in an orthogonal coordinate (d-q) 

system which is either rotating or stationary. 

The equations of importance are equations 1 to 

14. Stator and rotor dq axes currents are: 
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Where 
ds

i  - direct axis stator current; 
qs

i  - 

quadrature axis stator current; 
dr

i  - direct axis 

rotor current; 
qr

i  - quadrature axis rotor current; 

dr
  - direct axis rotor magnetizing flux linkage; 

qr


- quadrature-axis rotor magnetizing flux 

linkage (volts); ds


 - direct axis stator 

magnetizing flux linkage (volts); 
 qs

 - 

quadrature-axis stator magnetizing flux linkage 

(volts); )(satmq
  - saturated q-axis magnetizing 
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flux linkage; 
)(satmd

  - saturated d-axis 

magnetizing flux linkage; X sa  
 - stator phase 

leakage reactance and X ra  - rotor phase leakage 

reactance. 

 

Equation (5) is the expression for the saturated 

value of the q-axis magnetizing flux linkage. 
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Where:  
m

X  - magnetizing reactance of the 

motor;  mq
 - instantaneous difference between 

unsaturated and saturated q-axis magnetizing flux 

linkage; 
)(satm

X  - saturated magnetizing 

reactance. 

The magnetizing reactance of the motor is given 

by the equation: 
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Based on the assumption of uniform saturation 

effect on both the d- and q-axes, the expression 

for the saturated value of the mutual flux 

linkage of the motor in terms of the d- and q-

axes flux linkages is: 
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The resulting voltage equations due to the effect 

of flux linkages become: 
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Where qsV  - quadrature-axis stator voltage; 
ds

V  

- direct-axis stator voltage; 

qrV  - quadrature-axis rotor voltage; 
dr

V  - direct-

axis rotor voltage;   - arbitrary angular velocity; 

r  - rotor angular velocity; b
  -  base angular 

velocity; sr  - stator resistance/phase and rr  - 

rotor resistance/phase. 

 

Finally, the equation for the electromagnetic 

torque for the saturated induction motor and the 

equation of motion can be written as in 

conventional form: 
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Where P - number of poles, eT  - 

electromagnetic torque and 
l

T   - load torque. 

 

Equations (1) to  (14) form the model basis for 

the computer simulation of the induction motor. 

 

2.3 Induction Motor Saturation Factor 
The motor chosen for this study is a three-

phase, three-wire, 7.5Hp, 230/460V, 1443rpm, 

50Hz Squirrel-cage induction motor (Table 1). 

Figure 1 shows the main magnetizing flux 

saturation factor curve for the induction motor. 

 

 

Table 1: Motor Parameters 
 

Motor type:   3- squirrel-cage Induction motor 

Stator connection  Star 

Rated line voltage 230/460V 

Rated current 20A 

Rated speed 1443 rpm 

Frequency 50 Hz 

Number of poles 4 

Moment of Inertia 0.11kg-m
2
 

saX
                            

 =                            0.325 Ω 

raX
                            =                            

   0.242 Ω 

mX
                         

  =                              23.30 Ω 

rr                                  =                           0.298 Ω 

sr                                 =                          0.2069 Ω 
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Figure 1: Saturation Factor curve for Main Magnetizing Flux as a Function of  Unsaturated 

Magnetizing Flux Linkage. 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Simulation Results 
To simulate the induction motor model so 

developed, equations (1) to  (14) are solved in 

the stationary reference frame by developing 

MATLAB/SIMULINK model of the motor. 

The simulation solver used in this work is 

ODE113 (Adams) numerical integration 

method. The simulations have been carried out 

using the induction motor data shown in Table 

1. The simulations results obtained from the 

saturable reactance model are compared to 

those of the conventional constant parameter 

model as in shown in Figures 2 – 4. 
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(a) 

 
(b) 

 

Figure 2: Stator Phase “A” Current for (a) Saturable Model (b) Conventional Model For Direct On-

Line Starting On Load of 40Nm  

 

 

 
(a) 
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(b) 

 

Figure 3: Developed Electromagnetic Torque for (a) Saturable Model (b) Conventional Model For 

Direct On-Line Starting On Load of 40Nm 

 

 
(a) 
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(b) 

 

Figure 4: Run-up Speed for (a) Saturable Model (b) Conventional Model For Direct On-Line Starting 

On Load of 40Nm 

 

Discussion of Results 
In order to validate the model and simulation 

approach developed in this paper, results obtained 

from the model so developed is compared to 

predictions obtained from conventional constant 

parameter model. Figures 2 to 4 show the results 

obtained from both the saturable and conventional 

model for a direct on-line starting of the motor on 

load. Figure 2 gives the starting phase “A” current 

predicted by the saturable model at steady-state  as 

28.3894A pk [20.07A rms] at t = 0.462 seconds, 

which is greater than the current of 25.0826A pk 

[17.736A rms] at the same instance  predicted by 

the constant parameter model. The difference in 

current values is due to the increased influence of 

saturation in the magnetizing branch of the motor.  

Fig. 3 portrays the developed electromagnetic 

torque of the motor. It can be seen that the model 

accounting for saturation predicts a transient 

torque of 401.2853Nm at t = 0.0124 seconds, 

which is less than that predicted by the CCPM of 

408.2301Nm at the same instance. The CCPM 

model clearly overestimates the developed 

electromagnetic torque due to the fact that it 

assumes the magnetization curve of the motor to 

be linear. Figure 4 shows a gradual increase in the 

rotor speed from 0 to a stable value of 151.077 

rads/sec for the two models. It is clearly evident 

from these performance parameters that there is a 

significant difference in the stator current and 

torque for the two models due to the effect of 

saturation. 

 

4. CONCLUSION 
 

The saturation of the main magnetizing flux 

field of an induction motor plays an important 

role in the transient as well as dynamic 

behavior of the motor.  The saturable 

magnetizing reactance model clearly 

demonstrates an improvement in terms of the 
induction motor performance over the 

conventional constant parameter model.  This 

shows that detailed representation of saturation 

effects in induction motor modeling and 

simulation is important in induction motor 

analysis, particularly, when the motor is 

subjected to large–signal disturbances such as 

direct on-line starting.  However, the model 
should only be considered for abnormal (large 
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signal transient) conditions in which conventional model fails. 
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