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An Analytical Method for Induction Motor Using FEM and Based on

the General Theory of Revolving Machines with Windings

Katsubumi Tajima* and Toshiyuki Taniguchi*

Abstract
This paper proposes an analytical method for predicting the steady-state performance of an induction
motor with the ferrite magnetic wedges and a phase control circuit. This method uses the 2-D finite element
method and is based on the general theory of revolving machines with windings. The analytical results agree
well with experimental ones. So, it is obvious that this method can estimate decreasing effect of iron loss by
ferrite magnetic wedge and the performance of the motor when the non-sinusoidal voltage is applied. And the
method is very simple and fast by use of FEM program ANSYS and general-purpose circuit simulation

program PSPICE.
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Fig.1 Schematic of a capacitor motor with a triac.

Table 1 Dimensions of the motor.
BB R(H] 50 60
BIENV] 100/200 | 100/200
EiflAl 12.6/6.3 | 10.8/5.4
H (W] 750
B 4E] 4
AT YuF) 40
| BEFAOVEIE] 36
T BEEFAE [mm] d 45
@& EF 5+ Z [mm] $ 73
BEBEFRAOVEEYF] 10
B8 F 20 ERIE] 44
BIEF 7 ZE [mm] ¢ 447
F oy ThE[mm] 0.3
i Flmm] 93
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Fig.2  Schematics of ferrite magnetic wedge.
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Fig.3  Magnetic properties of the wedge materials.
Table 2  Iron losses of the motor with and without
ferrite magnetic wedges.
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Fig.4  Equivalent circuit for a capacitor motor based

on the theory of general involving machine.
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Fig. 5 Analytical model of a capacitor motor.
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Fig.6 Equivalent circuit for locked rotor test.
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Table 3 Model parameters of main circuit.
CEUA [{EUHL
Rm [€] 0.716 0.716
Rr[Q] 0.956 0.938
Lm(Lr) [H] 0.0692 0.0629
Mm [H] 0.0665 | 0.0609
Ri[Q] 115.2 85.3
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Fig. 8  Flow chart of the calculation.
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Load characteristics(1).
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Fig. 10 Waveforms of the motor under triac control.
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Analytical model of the motor for FEM.




Akita University

ARERE L SEREEREO - RIVERE V- B EE SR OB FRT Ik 41

Fig. 12 Arrangement of main windings.
Table 4  Number of turns of main windings.
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Fig. 13 Arrangement of auxiliary windings.

Table 5 Number of turns of auxiliary windings.
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Fig. 16  Load characteristics(2).
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