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ABSTRACT

A Study on End Cogging Force by Stationary Discontinuous
Arrangement Armature of PMLSM

Eui-Jong Park
Advisor : Prof. Yong-Jae Kim, Ph. D.
Depar tment of Electrical Engineering

Graduate School of Chosun University

The linear motor for transportation system generally applies the long stator
system which arranges the armature at the full length of transportation lines.
When this system is applied to the long distance transportation system, it
causes problems such as the increase of material cost and manufacturing time.
In order to solve these problems, a stationary discontinuous armature method
which arranges the armature only in the areas where the acceleration and
deceleration are needed has been proposed. However, the stationary
discontinuous armature method has problems such as generating a cogging force
greatly by the edge of armature and is impossible of mover control when the
mover stops by the disturbance at the freewheeling section where the armature
is not located. Therefore, in order to propose a new method of stationary
discontinuous armature which the control of the mover is possible at any
position, we analyze the cogging force according to the distance between

armatures and derive the optimal distance between armatures.

_Vi_
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2. FHcl BHSE PMLSM

UBIHMOZ PMLSME 0188 BtE AIAEE2 08 1(a)%t 201 HIINE ¢&F
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200m

Armature

(a) Continuous arrangement armature

Armature module(9slot ) Armature end

ELXXTATETX (AT XTTTTX} (XXX TT
(b) Discontinuous arrangement armature

Fig. 1. Method of armature arrangement
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Table 1. Reduction ratio of used electrical steel sheet

according to the armatures interval
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(a) Armatures interval more than mover length

less than mover length

(b) Armatures interval

Fig. 2. The adjustment of armatures interval
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Fig. 3. The adjustment of mover length
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Armature #1
(9 Slots-360mm)

Armature #2
(9 Slots-360mm)

I-BEUAM= MO E0ts L2 MLE IHSKE MAIGHACH. A0
S 22 HESH AJHE HMIIX 24X AIAEC J2lds 1O
LEEFHCH, MIIXtSl 30l oHESt= Jt=sAt= 36301 BHXIZEO UASH
Back irons XEgst JtsXtel & Z0l= 1,104mmO0ICH. &IIXe & 2&2 =D
A2 MIIA & e 20/ 360mm= DAHGHACH. FMeteE ADHE HMD|
AHEHXI AITAESl D222 MAS = 20 LIEHHCH,
” 12 Poles > 12 Poles >i< 12 Poles >
LZELLLELLLE LZLLELLELY

Fig. 7. Basic model of novel discontinuous arrangement armature system

Table 2. Specification of proposed model

| tems Value
Height of PM 3 mm
Length of PM 26 mm
Mover The number of PM 36 poles
Pole pitch 30 mm
Back iron height 6 mm
Coil turns per phase 75 turns
Slot pitch 40 mm
Armature Slot width 24 mm
Slots of armature module 9 slots
Width of teeth 16 mm
Height of teeth 20 mm
Mechanical air—gap 5 mm
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1801 LIEFHCH. O 185 Sofl YUK JIHEI e B2 tIsol =
Lt Z&tet =X HlWE ?loil SNHIE 0|88 JIHEHEE Hdstltt. &
YOIXtSl JIHE0| 78.86%=2 JIE =2 J&s 0

Table 3. First Taguchi's orthogonal array

X Y D End cogging force :
[mm] [mm] [mm] peak to peak[N] SN ratio
1 1 20 40 27.22 —28.6990
2 1 13 27 14.98 -23.5079
3 1 6 14 23.583 -27.4308
4 2 20 27 31.66 -30.0101
5 2 13 14 6.33 -16.0294
6 2 6 40 26.17 -28.3571
7 3 20 14 35.90 -31.1014
8 3 13 40 18.69 -25.4335
9 3 6 27 25.41 -28.1004
X Y:
30
=y 25 / 0\
’“\0/
Z 20
1751
g 154
QJ T T T T T T
g 1 2 3 6 13 20
b~ D
o
g 30
2 254
= e
20
15
14 27 40

Fig. 18. First main effect plot for means
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Table 4. First contribution ratio table

X Y D Sum
1 -26.55 | -29.94 | -27.50
2 -24.80 | -21.66 | -27.21 | -238.67
3 -28.21 | -27.96 | -24.85
Average -26.52 | -26.52 | -26.52
Sum of square 1.94 12.47 1.40 15.81
contribution ratio[%] | 12.28% | 78.86% | 8.86% 100%

2 50 MHEALS ChRX NS EE UEHHCH. S5 &2 DS X
CH =4 XtOlgtdh SNHIZE &M LIEFWHRACH. 0IZ S8 == JdiZ= 8 19
Ol, JIlE 2&H= H 60 LIEFHO. & Bl ZWtHEEE S8t 240M=
DOIXIIb 59.64%2 JIHES LIEIRHCH =30l &5 ©2 DA X[
Z A XOIE ZAGHACH WetMd DeIXtel =Fgt 402 HIstl 9, 18, 272
M=AE0tH M Sl HWEHEHE A 4oHRUCH

Table 5. Second Taguchi's orthogonal array

[&&] [%&] [é%] Eggaﬁo?glgga&?&?e SN ratio
1 1 16 40 33.32 -30.4554
2 1 13 27 15.04 —23.5431
3 1 10 14 15.73 -23.9373
4 2 16 27 19.20 -25.6666
5 2 13 14 6.46 -16.2065
6 2 10 40 22.89 -27.1921
7 3 16 14 12.29 -21.7908
8 3 13 40 18.27 -25.2358
9 3 10 27 9.61 -19.6582
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Fig. 19. Second main effect plot for means
Table 6. Second contribution ratio table
X Y D Sum
1 -25.98 | -25.97 | -27.63
2 -23.02 | -21.66 | -22.96 | -213.69
3 -22.23 | -23.60 | -20.64
Average -23.74 -23.74 -23.74
Sum of square 2.60 3.11 8.44 14.15
contribution ratio[%] | 18.41% | 21.95% | 59.64% 100%
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peak to peak[N]
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End cogging force
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Fig. 20. Third main effect plot for means
Table 8. Third contribution ratio table
X Y D Sum
1 -20.56 | -22.17 | -21.80
2 -20.18 | -19.83 | -21.87 | —-192.43
3 -23.40 | -22.13 | -20.48
Average -21.38 -21.38 -21.38
Sum of square 2.07 1.20 0.41 3.68
contribution ratio[%] | 56.31% | 32.54% | 11.15% 100%
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