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The Finite Element Analysis and the Geometric Optimal Design of
Linear Motor

Tac Won Lee” and Jae Han Jung’

ABSTRACT

Linear motor has been considered to be the most suitable electric machine for high speed and high precision
linear motion control. Thrust of linear motor is one of the important factor to specify motor performance.
Maximum thrust can be obtained by increasing the current in conductor and is relative to the sizes of conductor
and magnet. But, the current and the size of conductor have an effect on temperature of linear motor. Therefore,
it is practically important to find design results that can effectively maximize the thrust of linear motor within
limited range of temperature. Finite element analysis was applied to calculate thrust and numerical solutions
were compared with experiment. The temperature of the conductor was calculated by the thermal resistance
which was measured by experiment. The optimum design process was coded by the ADPL of ANSYS which is
a commercial finite element analysis software. Design variables and constraints were chosen based on
manufacturing feasibility and existing products. As a result, it is shown that temperature of linear motor plays an
important role in determining optimum design.
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k-2 T = Temperature of conductor
x = Thickness of conductor
F = Thrust v = Thickness of permanent magnet
1 = Current
N = Number of turns
R = Electric resistance 1. HE
R, = Thermal resistance guo] REE soju ABIE] BEFI}
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Fig. 1 Cross Section of the Linear Motor

2.1.1 3R a4

a7 diAel FAEAY o] pc BE Y e
3t Fig. 13 2t} 2A3ARE 714 +24
ErA 7} S45CQ 839 3 EF(Nd-Fe-B)Al 47 A
Hog FAs e, & F40] M2 uFuA u
Aol gla o) T Mol AEE B A&
7} AAzZts]E Wgo 2 34 AFE FelFo
o] EAe HHZL 2 A9 132 2
A3t E AFelAE 25W) x 70(L) A+ 9
T AL Agsn 2 HXE 3omE AASAT
olol wet EAl) YHEL lomZ A5 AHW)

4 mde A e A 7t 4ol HA
2 3¥ geoly shte) = g FE& 79

[«]
rde



olef - AAE :

DT A2 123

@ﬂl Fo] Hug & A7
1A= BT ANe] 2 F7)

74]43}7] 46}04 ANSYSS 843 334
2l SOLID96S AME38lRxn a3 & &
oﬂ*i x}"%‘ Axe A% Sk FA

Z4% 2t ol 7 A EAX = Table

13 2o,

for Numerical

Table 1 Material Properties

Analysis of Linear Motor

Relative Permeability of Air
and Conductor

Relative Permeability of

Permanent Magnet 1.034

Relative Permeability of

Yoke 1000

Coercive Force of Magnet 1006000 A/m
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Fig. 3 Measurement of Thrust
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Fig. 4 Thrust According to Current of Conductor
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Fig. 5 Two Dimensional Finite Element Model
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Fig. 7 Schematic of flat conduct and cross section

T

ke ZAEFE A% HIASF 1.7241 x 10°

@ /mye]liL A& EIW 13(20C KS) 7% Table 291
A AR Ho AR HEAE HAEAT

Table 2 Class 1 polyester-mide wire [unit :mm)
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Table 3 Measured thermal conductivity of linear

motor
i [Al| Tam[C]| T[C] | RIQ] | RulTT/W]
2 21.0 36.1 8.3 0.455
2.5 21.7 47.0 8.7 0.462
3 214 59.1 9.1 0.460
35 20.3 72.8 9.6 0.447
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Table 4 Comparison between measured temperature
and simulated temperature

Analysis Measured
7 [A] . Error
T[C] T[C]
2 36.4 36.1 0.8%
2.5 45.6 47.0 -2.8%
3 57.7 59.1 -2.4%
35 729 72.8 -0.1%
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