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A Low Cogging Force Permanent Magnet Linear Motor
Having 3 Phase 9 Pole 10 Slot Structure

EARE-FEET -5 B
(Sung Whan Youn - Jong Jin Lee + Chang Seop Koh)

Abstract - The detent force of a permanent magnet linear motor(PMLM) consists of the end force and cogging force,
and should be reduced for high precision purpose applications. The cogging force comes from the electromagnetic
interaction between the permanent magnets and interior teeth(or the slots) of the stator, and of which the magnitude
depends on the ratio of the numbers of the armature and permanent magnet poles as well as the geometrical shape of
the permanent magnet and armature pole. In order to reduce the cogging force of a PMLM, this paper proposes a new
configuration which has 9 permanent magnet poles and 10 armature winding slots. By theoretical investigation of the
principle of cogging force generation and simulating using finite element method, the proposed PMLM configuration is
proven to give much less cogging force than the conventional configuration which has 8 permanent magnet poles and 12
armature winding slots. A proper winding algorithm, modified (A, A, A) winding method, for the proposed configuration
i1s also suggested when the proposed PMLM is operating as a 3 phase synchronous machine. A theoretical and numerical
calculation shows that the proposed configuration makes slightly bigger back-emf and thrust force under same exciting

current and total number of winding turns condition.
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Table 1 Specification of a 8 pole 12 slot PMLM

Item Specification
Number of phase 3
Primary Slot V&.fidth 8(mm)
Slot pitch 12(mm)
Laminated height 100(mm)
Pole pitch(s,) 18(mm})
Thickness 3(mm)
Secondary Width 12(mm)
Material NdFeB
Residual flux density 1.23(T)
Air-gap Mechanical tolerance 1.0(mm)
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Fig. 4 Cogging force of a 8 pole 12 slot PMLM
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Table 2 Specification of a 9 pole 10 slot PMLM

Item Specification
Number of phase 3
Primary Slot width 10.6(mm)
Slot pitch 15.6(mm
Laminated height 100(mm)
Pole pitch(r,) 17.34(mm)
Thickness 3(mm)
Secondary Width 11.6(mm)
Material NdFeB
Residual flux density 1.23(T)
Air-gap Mechanical tolerance 1.0(mm)
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Fig. 6 Configuration of a 8 pole 9 slot PMLM

a8 683 958 =

550

x 3 93 1082 PMLMOIAM Zt &&2| 21X
Table 3 Slot position of a 9 pole 10 slot PMLM

Slot 0(degree) Slot 6;
1 0 6 180
2 324 7 144
3 288 8 108
4 252 9 72
5 216 10 36
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Table 5 Electrical angle and corresponding winding phase
of each teeth in proposed model
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