ISSN (Print) 1598-5385
ISSN (Online) 2233-6648

LAT=> Journal of the Korean Magnetics Society 35(5), 215-224 (2025) https://doi.org/10.4283/JKMS.2025.35.5.215

Analysis of Magnetic Field Characteristics in a Squirrel-Cage Induction Motor
Considering Rotor Conductivity and Operating Conditions
Using the Subdomain Method
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This paper presents an analytical approach based on the subdomain method for accurately and efficiently analyzing the magnetic
field characteristics of a squirrel-cage induction motor (SCIM). The motor cross-section is modeled in a 2D polar coordinate system
and partitioned into multiple subdomains. From Maxwell’s equations, the governing equations of each region are derived, and general
solutions are obtained using the magnetic vector potential together with the method of separation of variables. The unknown
coefficients in the solutions are determined by applying appropriate boundary conditions at the interfaces, yielding the final analytical
expressions. Based on the derived solutions, the air-gap flux density distribution of the SCIM is evaluated. The validity of the
proposed method is confirmed through comparison with finite element method results, demonstrating its capability for rapid and

reliable prediction of machine performance, particularly useful in the early design stage.
Keywords : analytical approach, induction motor, magnetic field characteristic, motor, subdomain method
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Fig. 1. (Color online) Simplified 2D analytical model of the SCIM divided into five regions.

A 787 £5e) 9HS Ve,

2. X|HiEAL: 2EERtA, FORS WA o WEEX WHA

A ale W WA o 2 RE Frdn Ty 9
B Fejo] Al NS AR sidske 22 vl Bitel
ng, duirog M EAES EYPale] ol gol
&3l 16,17).

2
V7A =~ 1y (VxMy) — uyu, J 3)
2 2
2 0 10 10
=2—A +-=A +——"— 4
VA A EA T A (4)

714 A AVMHERZHEE M s e AREES

BRI, wo} p2 247 3] FARE 9 HEAEol.
SCIME FTAR o] EAJeHA] dorg 23} Aol Alet

A}, olo)] we} AR E£F(Region SPls AF7t 3228

Fols WM ow AT 4 ok ¥, ¥ I (Region
3), A £F LEY(Region 2), IHA} £F 22X
(Region 4)& A7} A8} i) EAlslA] oz gl&e)
s AoR e 4 Slnh 2 gele] Ampgae o
= 2

2 2 2 2
0 Azk + laAzk 1 aAzk _

(52)
6r2 r or r2 06
2 3 3 3
04, . laAzn N l%’ _ (5b)
arz r or r2 06
2 4 4 4
0 Azzv N lasz 125sz “o (50
or r or / 06
25 5 5
a AZV + laAZV l 6AZV (Sd)

= )
o? ror 206 o

SCIMS) 34 Al ool ke Aol nie} wsishs



218 MBS o] 88 38 FEAE7)

T 4 | € C

re--F =

re-- L[
y B |

ry--
r3--
ry-- :| _________
I‘I— - —————) = = = = = = = = ) e
! 4-—--b--—-->
€--mmaet a-------- >

Fig. 2. (Color online) Simplified analytical model of the SCIM with subdomain boundaries.
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Table II. Detailed design specifications of the SCIM used for FEM

Tangential Flux Density [T]

analysis.
o
Symbol Value Symbol Value 021 o — Analytical
pole/slot/bar 4/48/20 a 10.7 deg. -03 ; - 2-FEM
3 46 mm b 5 deg. 0 45 90. ] 135 180
" 58 mm c 23 deg. Angularll)’osmon [Deg.]
" 59.5 mm d 34 deg. ®)
T4 59.75 mm Loy 85 mm Fig. 4. Comparison of air-gap flux density at rotor bar conductivity
7s 60.5 mm 1 1 o= 1.0 x 107 S/m (slip = 0.01) between FEM and the proposed

T 75.5 mm o 38e+06 S/m method: (a) radial and (b) tangential magnetic flux densities.
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Fig. 7. Comparison of air-gap flux density waveforms under no-load
condition (o= 3.8 x 107 S/m, slip = 0.0001) between FEM and the
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