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A study on Optimization of the Design Variables
of Linear Motor Using Genetic Algorithm

Sang Hyun Joo*, Jae Han Jung**, and Sang Ryong Lee***

ABSTRACT

This paper proposes a optimization of the design variables of linear motor for the improvement of thrust.
Especially, this paper treats the shoe, which can be good to flow of a magnetic flux in linecar motor.

Firstly, this paper uses a space harmonic analysis method(SHAM) based on Fourier series, for analyzing the
characteristics of core type linear motor, including slot structure and shoe. And compare the magnetic flux
densities of linear motor at air gap with the results of the SHAM and the Finite Element Method(FEM). Secondly,
this paper uses a genetic algorithm, which is good to find the global solutions. The design variables are the pole
pitch of magnet, the pitch of slot, the height of slot, the width of shoe and the width of magnet. The maximum
thrust with optimum design variables is about 247 N which is improved about 16%.

Key Words : Linear motor(* ¥ A% 7)), Space harmonic analysis method(SHAM, & 7+31 3134 W),
FEM(+ 384 %), Genetic algorithm(F 02t & 12}F), Optimization( & 4 A))
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Fig. 2 Field analysis model of permanent

magnet
phx,y) = T A, e"™ cos (nkx)
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Table 1 Specification of linear motor

division specification
phase number 3-phase
pole pitch 30 mm
slot pitch 10 mm
slot width 5 mim
primary core wi.dth 110 mm
shoe width 7 mm
shoe thickness 1 mm
material 50PN1650
coil diameter 0.4 mm
turn number 238
width 110 mm
secondary magnet Nd-Fe-B
residual mag. 1.2 T
air gap 0.5 mm
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Fig. 4 FEM analysis model(half model)
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Table 2 Comparison of measured thrust
with respect to analysis

division thrust [N]
experiment 193.83
FEM 209.25
SHAM 211.73
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Maximize F=Thrust Force
Subject to 24mm < v < 30mm
Smm = 1.= 15mm
Smm=< w, <10mm  (12)
8mm < A, = 12mm
20mm < w < 30mm
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Table 3 Variables constraints for optimization

variables min{mm]|{max[mm]
pole pitch of PM} = 24 30
slot pitch T, 5 15
width of shoe W 5 10
height of slot A, 8 12
width of PM w 20 30
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Table 4 Optimization variables

variables optimum sol.{mm]
pole pitch of PM| = 28.90
slot pitch T, 8.79
width of shoe | w, 7.61
height of slot | A, 11.99
width of PM 28.91
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Table 5 Comparison of thrusts

division | before after |improvement
FEM ]209.25 N{238.96 N 13 %
SHAM | 211.73 N|247.18 N 16 %

Fig. 12 Magnetic flux density by FEM
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