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A Study on the V-skew Model
for Minimization of Detent Force and Lateral Force in PMLSM

MECE KB4 2 s
(In-Cheol Hwang * Ki-Bong Jang *+ Gyu-Tak Kim)

Abstract — Permanent Magnet Linear Synchronous Motor (PMLSM) has high efficiency, high energy density, and high
control-ability. But, the detent force always is produced by the structure of slot-teeth. There are the disadvantages such
as noise and vibration of the apparatuses are induced and the control ability is curtailed because detent force acts as
thrust ripple. Therefore, the detent force reduction is an essential requirement in PMLSM. Generally, the method, skewing
permanent magnet or slot-teeth, is used to reduce the detent force. But the thrust is decreased at the same time. If
permanent magnet is skewed, the lateral force which operates as the perpendicular direction of skew direction is
generated in linear guide of PMLSM. So, V-skew model is proposed for the reduction of lateral force. The lateral force
acts as braking force in linear motion guide, and it has bad influence to the characteristics of PMLSM. However, these
problems will not be solved by 2-dimensional Finite Element Analysis(FEA). So, in this paper 3-dimensional FEA is
applied to analyze the PMLSM where permanent magnet is skewed and has overhang. The detent force and thrust
characteristics considering skew and overhang effects of permanent magnet are analyzed by 3-dimensional FEA and the
results are compared with experimental values to verify the propriety of analysis.
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Table 1 Specification of analysis models

Item Symbol Value
Width of PM Wpur 26.5mm
No-skew 93mm
Length of PM | I Skew,
cnemlh © PM 101mm
V-skew
Stator Pole pitch A 30mm
(PM) - 0
Skew length No-skew —
Skew, V-skew 10mm
Residual magnetlc Br 37T
flux density
Width of teeth Wy 14mm
Height of teeth he 17mm
Mover
. Length of teeth I 95mm
(Primary) ;
Slot pitch 7 40mm
Width of slot Wy 13mm
Series Turns per Phase 304
Mechanical air-gap 1.4mm
Rated current 6.53A
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Fig. 4 Operating force in PMLSM

(b) V-skew model
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