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<Abstract>

The equivalent circuits are required to evaluate performance characteristics of
induction motors and simulate systems. Inductances are important parameters of these
circuits. This paper describes an inductance calculation method for the equivalent
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circuit parameters of induction motors by finite element method. The proposed method
utilizes the same finite-element field solution of induction machines under actual
multiphase excitations as are used for torque calculations. So the actual distribution of
windings, details of geometry, and the nonlinearity of magnetic materials of induction
motors can be considered. The field distributions of an induction motor is obtained by
FEM. The equivalent circuit parameters of the motor is calculated from the result. The
equivalent resistance of rotor, which is changed according to slip by skin effect, is
investigated.
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5.1 Specification of model.

3 F 3

5 F 4

A7k 460 V

Fap 60 Hz

EWa ol 377 mm

TS 0.17431 mm
A WA 0.350 mm
2RYA 9% 0.5375 mm

ARG EF F 60

A & F 50

A4 An M22

LA A =& 5.77034E+07 S/m
B AA A A& 3.40252E+07 S/m
A nAZA e 60
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S4(21©]:48.75, %:16.19)

S3(Z ¢]:3.125, &:11.1)
S2(Zel1.0, F:11.1)
S1(# ¢}:0.0, %:3.75)
R1(Z°]):1.0, #:0.0)
R2(Z 0]:3.5, &:3.75)

R3(Z°}:11.0, Z:5.0)
R4(Z0]:165, Z:9.0)

&9 mm

R5(H ¢]: 55.0, %:6.55)

a3 5la &% 9dd A4
Fig. 5.1.a Slot dimensions.
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29y 51b =de HA
Fig. 51.b Core of the model.
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29 52a AEEE(slp = 0.00D
Pig. 5.2.a Field distribution(slip = 0.001).

[ e

28 52b A&EEEislip = 0.01)
Fig. 5.2.b Field distribution{slip = 0.01).
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Iy 52c¢ AEEE(slip = 0.1)
Fig. 5.2.c Field distribution(slip = 0.1).

9 524 ALEEE(slip = 1.0)
Fig. 5.2.d Field distribution(slip = 1.0).
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Magnetic Flux Density

Magnetic Flux Density

(Tesla)

(Tesla)

Feasdd o FEAEI AM d9d29] A

0.5
slip = 0.001
0.0 /|
\\
”“\—u—""
-0.95
-180 0 180
degree
a9 53a FFNA AEDE(slip = 0.001)
Fig. 5.3.a Flux density in airgap(slip = 0.001).
0.5
slip = 0,01
¥
i \\ /
R P
-0.3
-180 o iso
degree

29 53b FFoA AESEE(slip = 0.01)
Fig. 5.3.b Flux density in airgap(slip = 0.01).
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Magnetic Flux Density

(Teslad

Masnetic Flux Density

o
o

(Tesla)

slip = 0.1

=]
[~
N

-180 0 180
degree

2% 53¢ FFNA AEE=E(slip = 0.1)
Fig. 5.3.c Flux density in airgap(slip = 0.1).
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2% 53d FF94 A&HUE(slp = 1.0)
Fig. 5.3.d Flux density in airgap(slip = 1.0).
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293 457 298 39 54 2 LD U] A3k, o A A
ZRE Qe ARAE, FHANE, FEAF, L 249 ALY 4R B9 57}
2 Aee E 520 o

¥ 52 2d9 S8z A4 ,
Table 5.2,Equ'ivalent circuit parameters of the model.

Rs ) Ls Lm Rr Lr
00517 @ 1.33 mH 48,6 mH 0.245 Q@ 1.33 mH
IS RS XS Ir Xr

R V) ) B S

+

\£

F Rr/S

‘TA&MT

aY 54 28579 B3 = .
Fig. 54. Equivalent circuit of induction motor.
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10.0

8.0

6.0

rate

4.0

2.0

00 L 1 L L |
1.0 0.8 0.6 0.4 0.2 0.0

slip

a2y 55 59 AR SAAY
Fig. 5.5. Rr vs. slip.
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