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Abstract

The most commonly used equivalent circuit of Kron (1951) for
steady-state analysis has the disadvantages of (i) giving unexpected
transient behaviour of individual cages, though their sum is true behaviour
of the motor, and (i) unability to use design calculations of the single-cage
induction motor for design of the double-cage induction motor. This paper
suggests a new equivalent circuit for the double-cage induction motor
which could remove both obstacles. Determination of parameters for
analysis of the double-cage induction motor is included in this paper.

Introduction

Much has been said about the works done by previous authors (Burdi 1980) on the '
double-cage induction motor but no one has successfully predicted its exact performance,
whether steady- state or transient, as far as its design equivalent circuits and individual cages
are concerned. Kron (1951) suggested Fig.1 for steady-state equivalent circuit of the
induction motor. This circuit is still widely used, although other forms of equivalent circuits
for different purposes are also used. But no one has been successful in using design
parameters of Fig.1, and whenever parameters of this equivalent circuit, determined from
ordinary test (Burdi 1980, Theraja 1984), are used in design or transient analysis, wrong
results are obtained. Predicted results (Burdi 1980, 1982, Theraja, 1984 and Burdi, 1989) of
individual cages based upon the equivalent circuit of Fig.1 are always wrong vxfhen
parameters from the circuit are used into equations for transient behaviour based upon Fig.2.

The results show that the torque of inner-cage is in direct opposition to the torque of

outer-cage.
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Detection of Error in Existing Equivalent Circuits
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Comparing Egs. 1 and 2, we get

Xnt =X =X =0 e )

Equation (3), clearly shows that the equivalent circuits of Figs.1 and 2 are not the
samé even for steady-state operation and therefore the parameters of the equivalent circutt
o' Fig 1 in any case cannot be used for transients based upon the equivalent circuit of Fig-z'
Formation of New Equivalent Circuit
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= [Rs+](Xs+ Xo)1ls + 1 Xml2 + Xl
0= Xmls + [Ret Fim +Xe1 + Xe12)]l +Xrq2l2
0= Xmls + Xr12lt + [Rr2 +[(Xr2 + Xn + Xr12)]12

and comparing these with Eq.2, we get
Xmi = Xm2 = Xm # 0 (5)

it is observed that the two sets of equations are exactly the same provided Xq,1 and
Xm are replaced by Xm. Thus the new equivalent circuit of Fig.3 (for steady-state oper:a:tion)
perfectly gives same equations and therefore, the parameters of this circuit can be used into
the transient equations formed from Fig.2. For accurate solutions, itis, therefore, established
that the circuit of Fig.1, should be replaced by the one in Fig.3. The error of X2 in Fig.1 is

removed by relocating it as in Fig.3.

Determination of parameters

The parameters of the equivalent circuit in Fig.3 can be determined either by
single-cage design calculations or by ordinary test measurements, when alternately the
outer-cage and inner cage is removed away. The value of X2 is determined from either
locked-rotor or normal operation test when both cages are present.

Determination of X2

rom locked rotor and light-load tests after
Theninner-cageis removed and outer-cage
(and to confirm Rq, Xs and Xm) as @
by following calculations.

First Rg,Xs:Xm:Xr1:Rr1 8ré determined f
gefromthe rotor of the motor.
termine X2 and Rrs
ed from locked rotor test

removing outer-ca
is inserted back into the rotor to de

single-cage motor. Xrq2 is determin

— Power factor

Py =
Voh loh

p,, = Sin (Cos™ ()

v, = Voltage drop in stator impedance
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(R +Xs)lon (Py - JPy)]
V; =Voltage drop in rotor = (Vph'lo)-Vs
Z,,, = No-load or magnetizing impedance
=B (Xm )/ (R +1Xmn )
I = No-load or magnetizing durrent = v,/zm
|, =Rotor circuit current = lon( Ps - Py ) -Is

Z,=Rotor Impedance = V; /I, =(R, + X,

[ Rr2 +J( Xr2+xr12 ) ” Rr1 + j(Xr1 +Xr12”

Rra+Rey +j( X+ X1 +2Xry5)

Simplifying Eq.7 and separating real and imaginary terms from resulting g
we get
Re1Xio+ RioXp1-Rr (X +Xi2) - X (Reg +Rr2)

............ 7
Xi12 = U
2Rr ) Rr1 E Rr2

If X1, is determined by normal oberation test (Burdi 1980), B¢ and Ry ngq
r i Nt
replaced by R,»/ S and R4 / S where S is the slip of the motor under measureme

Generalized Machine Equations for the Induction
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Conclusion Fig 3

A new equivalent circuit is suggested, the parameters of which can be determined
from design, ordinary locked-rotor and light- load tests. The parameters so found could be
used in prediction of behaviour of the double-cage induction motor. With this suggested
circuit, design calculations of the single-cage induction motor are equally valid. This single
equivalent circuit can be used for all purposes to represent a double-cage induction motor.
This new equivalent circuit can also easily accommodate each new cage of a multi-cage
machines just by adding corresponding rotor parameters.
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