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Abstract- Induction motor analysis is mostly based on the usc of
cither the equivalent circuit (for steady-state analysis) or the
two-axis model (for dynamic behaviour). An extended motor
model where cach rotor and stator phase is considered to be
linked with a winding of all other phases, offcrs a third
possibility. The link between the different models is discussed
in the paper. Depending on the model to be calculated,

diffcrent  approaches of the finite clement method are

considered,
INDUCTION MOTOR MODELS

In gencral, an induction motor can be represented by a
sct of differential equations describing the motor as a set of
coupled windings:
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where [u] describes the voltages across the windings. [R] a
diagonal matrix containing the resistance values of the

phases, [L] the inductance matrix describing the coupling

between phases, [y] the flux vector and [i] the current

vector. When all motor phases are considered, the model is
referred to as the coupled winding modcl. For a squirrel-cage
induction motor a number of possibilities exists for defining
the rotor phases. A single rotor bar is considered to be a
rotor phase.

When the number of phascs in the stator and the rotor is
reduced to two and the rotor quantitics are referred to the
stator, the model is called the two-axis or d-q model.
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Fig. 1: Induction motor per-phase equivalent circuit

For sicady state analysis, the d-q model

transformed to the per-phase equivalent circuit (Fig. 1)

ettt 5 =

Both, d-q and the equivalent circuit model contain the same:
transformation between both .

parameters. Thercfore, a

ey
models is trivial,

PARAMETER COMPUTATION

the modecl

In the classical approach, parameters are
calculated from analytical formulac {1]. Leakage inductances
arc split in different components and computed on a per
phase basis for the stator or on a per bar basis for the rotor.
The analytical approach has the disadvantage that not all
rotor bar geomelry's can be considered. To compute the
magnclising inductance L,, the CARTER-factor is required.

For special slot shapes, this facior is very dilficult to assess.

Also motors having closed rotor slots are difficult to consider -

analytically. During the last decennia, finitc element
techniques are used to overcome some of these drawbacks
and adjust the analytical formulac. When the model
parameters are calculated using only finite element analysis,
different options exist.

Simulation of tests The parameters of the cquivalent
circuit or d-q model can be calculated by simulating a no-
load and a locked rotor test [2]. Inductance values arc
calculated from the magnetically stored encrgy W_ in the
model.

3

.

G N g e o

T o PR A e b




« advantage of this approach is a dircct comparison with

e mcasurcmcnls The disadvantage is, that from the locked

lof simulation or mcasurcment, rotor- and stator leakagce

Ly not be split. A morc substantial disadvantage is, that the

odcl contains paramcters calculated at different operating

-wnlc Using thc modcl for other points assumcs that the
unclers remain constan(, which is not truc in reality.

culation of the flux-linkages In this approach, a

{ uu,

wific operating point for the motor is :\scumcd In a first

sop, the satura(lon level in cach clement is compu(cd This

_wn be donc using the mcthod of the cffective rcluctivitics 3]

. an itcration process with static and timc-harmonic
lutions [4]. The calculated reluctivitics are then frozen, the

mlucl:mCCS can be calculated using the proper cxcitations.
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al induclances can directly be calculated from

mutu

N if- ‘luu Midddar Gud
ihe vector potential A and the current density J in the model
il

The calculation of the coupled winding model is

ahlfnnvnrr‘l Each of the different nhascs itad

sifaigeaea Wt P ca
«wparatcly with a unit current. The flux linkages with the
Jiferent phascs immcdialcly provides onc row or column in
ihe inductance matrix {L} in (1). The rotor quantitics in this
matrix arc not rcferred to the stator. Due to slotting and
wituration, the sclf inductances of the difTerent stator or rotor
phases arc not cqual. To transform the coupled winding
mode! to the d-q model, the lcakage componeni must be
wparated. If the rotor or stator consists of n phasecs, an

nerage value for the self inductance I + 1, of onc phasc can

te Ased
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e calculated as

T+ly=1=l__ @)

where Ly is the i diagonal clement of the calculated matrix
.} For n>2, the Icakage component 1, can be calculated as

&)

hcn a rotor phasc is considered to consist of a rotor bar,

$) provides the bar Icakage. By referring it to the stator, the
totor leakage L, is found. The magnetising inductance Ly
#ceded in both, cquivalent circuit and d-q model, can bc
~iteulated from the inductance / as

LM = %1 6)

The magnclising inductance may also be calculated in one
step by exciting the stator with a unit current T, in the d-
axis. The inductance is found by considering the voltage
induced in the q-axis or by computing the fux-linkage
according to the d-axis. In the latter case, the lcakage
inductance L, has to be substracted from the calculated

valuc. For a three-phasc winding with the U-phase aligned
with the d-axis, the input currents for U, V and W-phasc arc

=-1/31

unit

=2/31 ;=130 T
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The advantage of this appronch is. that rotor and stator
modci

more accuraic

Ib\ulllllb il

HT fieend
quantilics arc spliticed,

paramcicrs cnabling a belter motor control. Since the model
is calculated at a certain operating point, the calculations
have to be repeated to obtain the molor rodcl in the overall

ranags T}

onerati range.
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rewarded with an increasc in accuracy.
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CONCLUSIONS

The calculauon of different induction motor modecls
s is unSCuSSCu The wcthod of the flux-
lmkagcs is shown to providc a more detailed motor madel.
Transformation from the extended coupled winding model to

the cquivalent circuit or d-q model is presanted.
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