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Simplified 3D Finite Element Analysis of Linear Inductor Motor
for Integrated Magnetic Suspension/Propulsion Applications
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(Sang-Sub Jeong ‘- Seok-Myeong Jang)

Abstract - The 4-pole linear homopolar synchronous motor (LHSM), so called linear inductor motor, is composed of
the figure-of-eight shaped 3-phase armature windings, DC field windings, and the segmented secondary with the
transverse bar track. To reduce the calculation time, the simplified 3D finite element model with equivalent reluctance

and/or permanent magnet is presented.
model,
simplified and 3D FEM analysis are nearly identical,
excitation.
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To obtain a clear understanding, propriety and usefulness of the developed
we compare with the results of simplified 3D FEA, general 3D FEA and test.

Consequently, the results of

but much larger than that of static test at d-axis armature
Therefore the improved FEA model, such as full model with half slot, is needed for the precise analysis.

. LHSM, linear inductor motor, simplified 3D FEA, equivalent reluctance, equivalent permanent magnet
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Fig. 1 Linear Homopolar Synchronous Motor
(a) Segmented secondary with the transverse bar track
(b} Figure-of-eignt shaped 3-phase armature windings
(c) DC field windings
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Fig. 3 Measured value of hysteresis loop of a laminated
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Fig. 4 Diagram of 3-phase armature windings
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{a) Front view model; (b} Side view mode!
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Side view Effective airgap
Equivalent reluctance 20 FEA
. Carter coefficient
. Green coefficient
. Magnetic shunt
. Magnetic insulator i/[
. Distribution of airgap flux density
at AC coil exciting(D/Q-axis) End view 2D FEA
- Normal force . Flux density at airgap, yoke, segment
- Reluctance thrust . Leakage flux between stacks
v . Normal force at DC field coil exciting
‘ Equivalent Permanent Magnet
Side view

Equivalent PM 2D FEA . Residual flux density
. Distribution of airgap flux density - Coercive force
at AC & DC coil exciting

. Normat force
. Thrust
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Fig. 8 Flow-chart for 3D magnetic characteristics analysis
using simplified model

@ 1459 £2-3 ads 233 259 B4 w55
A FEgE AEs 39 AFE A7 Jedo, g
A 7t 9 a8 A+E 23se $E1TIL AAsY

ARUELS F4¢n. o Rdg ANARE T AR
ZYol A8 v FF 4 93 F3F HAAA A
AR 7Y, QU E4E 45F S U w3 A
dE FEASUEE F3 UMY AN E A
® Y A5E ArIE2st AEAA AdE AL
W o] 23" F UEE ol 334 HNrdS
ARt olH @ ztely A mdo] st 34 A7
VA AAAe] zA F FAY, 2HEH L A
e FTAYH BF FB Y 2dg AYEd
7HETANE ZE Bel¥ RUS FHYG o =g
A AA £1A, & AF ARANIY 3 A7
I BAld ARHNE we) A4 @ FAY F9
Axrgoh

>

2L

®
[

¢

A

X o ofn
X,
[+

[s208
tlo

FIALUE BHE 34902 A7) Ashe] S

ARG P FAITANE R )Y 34 RS off

stel AF AA AAT 3 WA B 27 dase
o]

A9 FAY dAEe 23S %’— }Q——JE 548 sy
Atk =23 4 ARE 3AY F¥84 MM FH a2y
I HEEY vn PHEFeaH 7«112}-‘3 e g348 H
E& g

3.1 3% 7ote4 dMMnda 5y
3.1.1 34 Feiad Mg
344 fEes ANEUE o]y RAF slaskAe o)
A4e zs RE 2ag H4ysd. = 1}74] =4
T4 HE dAolng 189 9a)s #e] A &)
EE9 12 222 gy ¥ dgye Z}ﬁ?éﬁ]_k_z-]_

N

Me &
HHRL, 218 9o FH S M 232 HA vg F
HoR 23& Yo r e gde nHAARY

we w2 2680709

HAAh o) o Mz gaw
2 16,0007% o) ¢}

ko o

374

(a)

2" 9 LHSM2 3%ty f3tes sidad

(a) H§HT;, (b SHE

Fig. 9 3D FEA model for LHSM
(@) Front view; (b) Side view
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Appendix Specification of LHSM

142 UAY 4334 34 W12 A
ARNE 50 [nm] zZY 74 100 [mm]
3 E 103 (nm] g9 "4 8(9)
Z o] 53 (mm] 243 ©Er 58
47 23 10 [an] e g 348
S 4 =A 2 A 0.7 [mm]
135 7o) 552 [nn] aa 3
N 24 A4g ey A 31.4(33.9) [mH]
2327+ 29 [nn] 4 A g 4.20(4.86) [2]
A% 10 [nd ) DC A2 24
-
;;201 fgg {:'ﬁ ANDY FF 17 [kg]
‘ B4 1000
AFHF e&F 2
142 2 53.0 [kg] =H 47 10 [mm]
HEdg 24 3
22t% M2V EY AH EY DAt
Z 153 {mm] A7 A A7FA QG 220 [Vl
=7 33 [om] (60Hz, YA XA
2 o] 132 [mm} b R A s B 7 [A]
23} Z pole 7+2 132 [mn] A AR AF 138 (al
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