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Development of Iron Core Type Linear Motor for Machine Tool

Jae Han Joung*, Jac Wan Park™ and Sang Ryong Lee”

ABSTRACT

There is an intensifying demand for linear motors in vast range of industry applications such as in factory
automation and semi-conductor manufacturing equipment due to their high positioning accuracy, high static stiffness,
high thrust and excellent dynamic characteristics. This paper presents an iron core type linear motor for machine
tool whose rated thrust is up to 6000N. For electromagnetic field and dynamic analysis, finite element method (FEM)
is implemented to predict motor performance. Various design parameters are considered to reduce thrust ripple and
to improve dynamic performance with the least sacrifice of effective thrust. Experimental results on thrust and static
stiffness are also followed to confirmed the validity of the analysis.
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Table 1 Specifications of LDM
Property Value Unit
Number of slots 74 -
Number of poles 24 -
Core material S18 -
Primary Conductors/slot 131 -
Core height 10.0 mm
Number of phase 3 -
Width 220.0 mm
Material Nd-Fe-B -
Remanence 1.33 T
Permanent -
magnet Width 24.0 mm
Secondary Thickness 5.0 mm
Length 50.0 mm
Material of back iron S45C -
Width 220.0 mm
Air gap length 0.5 mm
Driving type Square wave| -
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Fig. 1 Configuration of permanent magnet array
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Fig. 2 FEM analysis model
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Table 2 Variation of detent and normal force

Detent force[N]| Normal force[N]
Non-skew 2191.44 48984.00
5.4° skew 52.59 48268.32
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Fig. 5 Thrust and normal force of non-skew array
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Table 3 Comparison of thrust and normal force
according to number of conductors

Thrust[N] Normal force[N]
Conductors/slot] 131 149 131 149
Non-skew |6613.60(7490.16|38523.95(38304.15
5.4° skew [6422.01/7261.21|38991.13]38763.04
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Table 4 Variation of slot depth
Slot depth[mm] | 10 12 14 16 18
Core heightifmm]| 14 12 10 8 6
Conductors 87 | 109 | 131 | 153 | 175
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