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Optimization of the design variables of
linear motor by FEM
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Abstract

Recently, linear motors are applied to many small precision products. Thus high generating power
with small size is required of it. In order to increase the motwor efficiency, the design variables need to
be optimized. In this study, Vector Fields FEM software, OPERA-3d, was used for simulating linear
motor. The thrust and mﬂgmic flux density at the air-gap center were simulated and compared with
the experimental results. Taguchi method was applied to investigate the effects of cach variables. As a
result, the thickness of conductor and magnet was important for the thrust but the thickness of the
yoke. The terperature of the conductor was determined by finding the thermal conductivity that was
determined by experimentation. Correlation equation relating to the thrust and temperature was proposed
by Latin square and Least Square method. The optimum design variables were determined by
correlation equation, and compared with simulation results. According to this analysis, thrust force of

s

linear motor was improved about 7% comparing with conventional model.
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Fig. 1 The section of linear motor
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Fig. 2 Magnetic flux density distnbution of lincar

motor
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Fig. 3 Magnetic flux density variation for 1 cycle
of magnet
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Fable I Thrust comparison of real thrust with

simulated thrust

Simulated thrust
177,99 N

Real thrust
1760.57 N

Table 2 Experimental number comparison
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Table 3 Level of the design variables

Table 4 Latin square Ly{3%)

Cond. Mag. Yoke Err.

Factor Level Stze(mm) No. evel level level level ThrusyN}
. 0 3.60 1 0 0 0 0 $1.37
Conductor = -
T ! 7.00 2 0 ] 1 ! 90,22
thickness{ 1} ., Y
2 10,00 3 0 2 2 2 94,14
o 6.00 4 | 0 2 ] 128.06
Magne 2 3 » 3
A fagnet " 9.00 5 1 1 O 2 144.34
thickness{u) 6 i 2 i 0 152.50
2 12.00 :
7 2 0 ] 2 153.94
0 383 :
yoke : - fi 3 i 2 0 176.16
thickness{ ) b ) - < 0 ! 185.65
2 11.55
Table 5 Dispersion analysis table
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Fig. 6 Thermal resistance of a linear motor

Table 6 Temperature comparison

Current(A) Rea{ - (_’alcukfk"q
temp.{(1"}) termp (C}

25 98 98.00

2 68 68.48

1.5 47 43.52

1 30 29.12
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Fig. 9 Thrust of a linear motor by general equation
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Table 7 Optimum design variables at the limit

height ( w2+ y=15.6mm)

Design variable Optimal value

Current{z} 2719 (A)
530 (mm)
0.46 (mm)

345 (mm)

Conductor thickness(y)

Cable diameter{z)

Magnet thickness{w)

Table 8 Thrust comparison

N _ Optimization Conventional
Thrust {N]
Model Model
Approxim-
PP 230.20 214.70
ated thrust
Simulated
22990 211.80
thrust
Reference 7% mprovement
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