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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 (Campeanu 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.

Uy = A—""+BX,,

(l) qu :|usd Usq 0 0|T

qu:Xsd qu er qu

where X, X, ,X,;,X,, are the d,q projections of

the currents and flux linkages taken as state
variables.

To the above equations the motion equation is added

J dw

QM-M,=——

p dt

It is assumed that the rotor is short-circuited and all

quantities are related to the stator. The notations are
the usual ones.

. M =%pRe[jgsg§]

Saturation occurs in the expression of the main flux
linkage

\Um = Lm(is +lr): Lm(lm)lm

i=i e

~m m

L

space phasor of the magnetizing current. v, and i,

» 18 the magnetization inductance and i, is the

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_i, — 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 y, which has the same

orientation as the phasors of the magnetizing current
in. For different combinations of state variables,

may or may not have a real existence in the machine
For the given state variables, w 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

1 .
term of the form Wit(_] which may be
m

'

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

It is computed first i L = 1 dLn ——and
de\ L, Lm dt
results
dLm dLlm 1 dim
3 = =—Lmt —Lm
©) dt  im o U Vot dt
dy,, . . . ..

where L,, =—— is the differential magnetizing

Ly

inductance associated to L,,.

Also
(4)d—z—i(va )=z oio Sin iy 490,
dr dg CmEm )T e R g
where

(5) Lint = Lot +(Lin — L)

L’,, is the differential inductance associated to L’ .

. de . . .
For the computation of d_¢ it is taken into account
t

that w and y, are in phase and it follows

dp 1 dy, dy, 1 d‘// dy,
(6) L= |y, 4y V|| T4 gosp— VL
a2\ a0 )

Finally taking into account (4), (5), (6) and
introducing

1
7N i,=——y==
" Lm— Lm

y,ejco

the term containing saturation becomes

The computation inductance are introduced:

1 _ sin? 9., cos2 RS _ 0052 L sin? ®
) Laa Lo Lm[ Lyq Ly Lont
1
L j sin ¢ cos .

From (6) also results the transient angular speed
oy (t) of the main flux likage

do
10) ,(t) =—+ o
(10) @, (1) =— -+
where wp is the angular speed of the general

reference frame d,q.

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

The general flux linkage y and the inductance L;n ,

L, for various pairs of currents and flux linkages

are relatively easily computed.

Let i, v, be state variables. After performing of the

calculus it is obtained L, =L, +Ln =L, and the
general flux linkage

Z:Wd +jl//q :L'mlm :Zr +Lro-£s
where v , i, , W, are co-linear and y depends
linearly of the state variables i, y.

Separating the real and imaginary components in the
mathematical model (1) where

qu :|i5d isq Wrd ‘//rq|T

the matrices 4, B obtain the form
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where L, =L, +L,,.

The electromagnetic torque M in the coordinates of
the state variables i, , i, is obtained from (2) by
eliminating v, .The final form is

3 Ln

M=Zp (Wrdisg —Wrgisa )

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:
R, =116 Q, R, =474 Q,

L =00034H, p=2,

L,, =0,024H,
J=0,048 kgm®.

The magnetic characteristic y, (i, ) is approximated

in the form:

3 0,4im im <0,754
Y™ =10,407.0.921% -4 in > 0,754
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  (L(i)£Lw(im);L4#0), and those of the
simplify model (L,,~=L.(i);L4,~0). There are plotted
the curves i4(¢),im(?), wy (t),w(t) etc (wyis 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 w =314.

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

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

In the figures Fig. 5a and Fig. Sb there are
represented the velocity wy (¢),(?) . The evolution

of wy(¢)is practically not affected by the
mechanical overload but the evolution of w(¢)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
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In the figures Fig. 6a and Fig. 6b there is plotted the
torque M(?). 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(@) are represented in Fig. 7a and Fig.
7b.

The figures Fig. 8 and Fig. 9 represent the evolution
of the inductance L,, respectively L,,, . Comparing the
evolution of the inductance with all the other values
it is evident the influence of the saturation on the

gnege dynamic processes in the induction motor.
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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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