
THE ANNALS OF "DUNAREA DE JOS" UNIVERSITY OF GALATI 
FASCICLE III, 2002 ISSN 1221-454X 

ELECTROTECHNICS, ELECTRONICS, AUTOMATIC CONTROL, INFORMATICS 

This paper was recommended for publication by Dumitru CĂLUEANU 
 
 

5

NUMERICAL TREATMENT OF SOME COMPLEX DYNAMIC PROCESSES 
OF SATURATED INDUCTION MACHINE  

Aurel  CAMPEANU, Augustin-Iulian IONESCU, Toma CAMPEANU 

University of Craiova, Electromechanical Faculty, Romania 

Abstract: Three variants for the mathematical models of the saturated induction machine (the 
exact one, the classical one and the simplified one) are used for the analysis of the reversal 
process combined with one short mechanical overload. The limits of the classical and simplified 
models are emphasised and the suitability of the exact model is justified. 
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1. INTRODUCTION 

 
In (Campeanu 1995a, b), there are detailed  analyzed 
nonlinear dynamic models for the induction machine. 
Usually, in the analyses of the saturated machines the 
stator and rotor currents (Câmpeanu 1993) or flux 
linkages as state variables are taken in account. In 
(Brown 1983) the method of space phasors is applied 
with winding currents as state variables  and in 
(Rousseau 1996) the equations of start processes are 
solved using Simulink techniques. In (Levi 1994) 
some combinations of currents and flux linkages as 
state variables are also taken in account. In the 
present paper a unique computational algorithm is 
presented. One of the models is used for the analyses 
of a reversal process combined with a very short 
mechanical overload. The results of the simulation 
and some conclusions based on these results are also 
presented.  

 
2. MAIN RESULTS 

 
2.1  The saturated induction machine models 

 
For the induction machine saturated on the main flux 
way the mathematical model (1) is considered. 
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dq BX
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dX
AU +=      

(1) T00sqsddq uuU =    
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where rqrdsqsd XXXX ,,,  are the d,q  projections of 
the currents and flux linkages taken as state 
variables. 

To the above equations the motion equation is added 
 

(2)            ,          
      
It is assumed that the rotor is short-circuited and all 
quantities are related to the stator. The notations are 
the usual ones. 

Saturation occurs in the expression of the main flux 
linkage 
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mL  is the magnetization inductance and mi  is the 
space phasor of the magnetizing current. 

m
ψ  and mi  

have the same direction because the iron losses are 
neglected and consequently. 

For establishing a direct calculus algorithm the 
possible combinations of the state variables are 
grouped in two classes: 
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1) The winding currents – flux linkages as state 
variables; 

2) The current im – currents (flux linkages) of the 
windings as state variables. 

 
In the following only the mathematical models for 
the first group there are deduced. 

In (Levi 1994) there are deduced the mathematical 
models for mixed combinations currents - flux 
linkages associated with the introduction of a 
generalized space phasor ψ , which has the same 
orientation as the phasors of the magnetizing current 
im. For different combinations of state variables, ψ  
may or may not have a real existence in the machine 
For the given state variables, ψ is a linear 
combination of them. 

In what follows it will be seen that regardless the 
state variables choice (combinations winding 
currents - flux linkages), the deduction of the 
mathematical models is always associated with a 

term of the form ⎟
⎟
⎠

⎞
⎜
⎜
⎝
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d
d

mLt
ψ  which may be 

expressed in a general form; L’m=ψ/im is an 
inductance associated to the saturation state of the 
magnetic circuit. All is needed is that ψ and L’m be 
defined for each choice of the state variables. Further 
it is shown how to define and express in detail this 
term.  
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where 
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L
d
dψ

=  is the differential magnetizing 

inductance associated to Lm. 
Also 
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where: 

(5) ( )mmmtmt LLLL −+= ''  

L’mt  is the differential inductance associated to L’m . 

For the computation of 
td

dϕ  it is taken into account 

that ψ  and ψm  are in phase and it follows 
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Finally taking into account (4), (5), (6) and 
introducing  
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 the term containing saturation becomes  
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The computation inductance are introduced: 
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From (6) also results the transient angular speed 
)(tψω  of the main flux likage 

(10) Bdt
dt ωϕωψ +=)(  

where Bω  is the angular speed of the general 
reference frame d,q. 

Expressions (8), (9), (10) are valid for any 
combinations of the state variables discussed above.  

The general flux linkage ψ  and the inductance '
mL , 

'
mtL  for various pairs of currents and flux linkages 

are relatively easily computed.  

Let 
rsi ψ,  be state variables. After performing of the 

calculus it is obtained rmrm LLLL =+= σ
' and the 

general flux linkage 

srrmmqd iLiLj σψψψψ +==+= '  

where ψ , im , ψm are co-linear and ψ depends 
linearly of the state variables is , ψr. 
Separating the real and imaginary components in the 
mathematical model (1) where 

T
rqrdsqsddq iiX ψψ=  

the matrices A, B obtain the form  
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where σσσ rs LLL += . 

The electromagnetic torque M  in the coordinates of 
the state variables is , ψr  is obtained from (2) by 
eliminating 

s
ψ .The final form is  

( )sdrqsqrd
r

m ii
L
LpM ψψ −=

2
3  

2.2 Simulation results 

It is analyzed the process of reversing on which is 
superposed a short overload for an asynchronous 
motor of 4KW, with the parameters: 

16,1=sR Ω , 74.4=rR Ω , 024,0=σsL H, 
0034,0=σrL H,         p = 2,                 J = 0,048 kgm2. 

The magnetic characteristic )( mm iψ  is approximated 
in the form: 

Aii
Aii

ψ
mm

i
mm

m m 75,0921,0407,0
75,04,0

81,0 >⋅⋅
<

=  

There are compared the results of simulations when 
considering the model with matrices A, B having the 
above presented format, which take into account the 
saturation  (Lmt(im)≠Lm(im);Ldq≠0), and those of the 
simplify model (Lmt=Lm(im);Ldq=0). There are plotted 
the curves ),(),( titi mA )(),( tωtωψ  etc ( ψω is the 
rotation electric speed of the main rotating magnetic 
field during transients). In order to ensure a high 
saturation level, all the simulations were performed 
at U=300V. 

The initial value for the rotation speed is ω =314.   

The short mechanical overload is presented in the 
figure Fig.1. 

Fig.1 The short mechanical overload 
 
In the figures Fig. 2a and Fig. 2b it is represented the 
current in the faze A. The difference between the two 
models is evident. The exact method emphasizes the 
existence of an oscillation of low frequency 
superposed on the transient  evolution of the current. 

In the figures Fig. 3a and Fig. 3b it is represented the 
current is(t). The taken in account of the inductance 
Lmt produces the oscillations for t>0.7s. 

The same situation can be observed in the figures 
Fig. 4a and Fig. 4b. for the current im.  

In all this cases the influence of the mechanical 
overload is not evident. 

In the figures Fig. 5a and Fig. 5b there are 
represented the velocity )(),( tωtωψ . The evolution 
of )(tωψ is practically not affected by the 
mechanical overload but the evolution of )(tω is 
profoundly affected by this overload. The effect of 
the saturation on the evolution of the two velocities 
is not emphases by the simplified model.    
 

 
Fig. 2a 
 

 
Fig. 2b 
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Fig. 3a 
 

 
Fig. 3b 

 
Fig. 4a 
 

 
Fig. 4b 

 
Fig. 5a 
 

 
Fig. 5b 
 

 
Fig. 6a 
 

 
Fig. 6b 
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Fig. 7a 
 

 
Fig. 7b 
 

 
Fig. 8 
 

 
Fig. 9 

In the figures Fig. 6a and Fig. 6b there is plotted the 
torque M(t). The effect of saturation is evident but 
the effect of the mechanical overload is difficult to 
be emphasized. For the visualization of the 
mechanical overload on the electromagnetic torque, 
the graphics M(ω) are represented in Fig. 7a and Fig. 
7b. 

The figures Fig. 8 and Fig. 9 represent the evolution 
of the inductance Lm respectively Lmt . Comparing the 
evolution of the inductance with all the other values 
it is evident the influence of the saturation on the 
dynamic processes in the induction motor. 

At the beginning of the dynamic process the effect of 
saturation is negligible and the graphics for the both 
models are very closed. 
 

3. CONCLUSIONS 

1. In the presence of saturation the simplified 
models do not reveal in a correct way the evolution 
of the dynamic electromechanical process. 

2. The dynamic variation of the saturation 
essentially justifies the forced electromechanical 
oscillations. 

3. At the reduced saturation, all models derive identical 
results. 
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