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(A Study on the Thrust force and Normal torce Characteristics of Linear Stepping Motor
by 2D Finite Element Analysis)
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Abstract

In the recently, the necessity of the hybrid type linear stepping motor(HLSM) of linear motion digital
actuator has been increased in the various fields of the automatic control system. The HLSM is directly
performed without any converting mechanism.

Therefore, the HLSM is better advantaged in the efficiency and economical view than a rotary stepping
motor. In this paper, we have designed an optimum tooth shape by the 2D finite element method(FEM) to
develop the HLSM with longitudinal flux machine(LFM) type, and calculated the thrust force and normal force.
And we have manufactured the prototype of it, and have experimented the thrust force characteristics of it.
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Table 1. Design specification of LFM type HLSM

Item Value/Unit Ref.
Bipolar
Input Voltage| DC 24 [V] Driving
Input Constant
Current 21A/phase] Current
Holding Force 80[N] 2-phase Ex.
Step , 1-phase Ex.
Displacement 1 pulse] 2-phase Ex.
Number of 4
Pole
Number of
tooth 3[ea/polel
Max. Stroke
Length 600[mm]
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Fig. 7. Flux distributions by tooth shape models
of LFM type HLSM
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Table 2. Maximum thrust forces, normal forces
by tooth shape models

Max. thrust force Normal force
Model Value Ratio Value Ratio
[N] [%] [N] [%]

RT 63.3 73.7 376.4 114
WT 85.9 100 330.2 100
RDMT 75.1 75.1 336.3 101.8
WDMT 77.4 90.1 300.1 90.8
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Table 3. Prototype specification of LFM type HLSM

Ttem Value/Unit Ref.
Tooth width |  1.95[mm] WT(Type D
=15
Slot width 2.05[mm]
Slot depth 2.05[mm}
Stack length 50[mm}
Mover length| 151.55[mm]
Stator length 954{mm}
Air gap 0.1[mm)
Turns of coil | 300[T/polel
Resistance
of coil 1.5[ £2/phase] 25[C1
67x7x50[mm]
Magnet type | 1 o011 9[T] NdFeB

(a) Mover and Stator
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(b) Manufactured LFM type HLSM
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Fig. 11. Prototype of LFM type HLSM
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