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Analysis of the Reduction of Detent Force in
a Permanent Magnet Linear Synchronous Motor

S.M.Jang. °lL.K.Yoon. S.H.Les. J.H Lee".
Chungnam Nat’l Univ. C.Tech”

Abstract - The problem in improving the
positioning precision of a permanent magnet
linear synchronous motor(PMLSM) is the large
detent force caused by the permanent magnet.
The detent force is thought to arise from the
difference of the position of a permanent
magnet end and a tooth position. In this paper,
Three methods of reducing detent force is
presented. The first method is adjusting the
width of permanent magnet. The second method
is varying the shape of armature teeth. The
third method is the arrangement of the perma-
nent magnet end. This paper compares with the
ratio of reducing the detent force according to
the three methods.

1M B

GFAMy M E71H %71 (Permanent Magnet
Linear Synchronous Motor : ©]3t PMLSM)& A
Y FEAF7IC vE MEZ Alojd o] oAz Ax
A7t 2ot SdE E73n, AAYez 7R
& AMES) WEol AUAdes FgC w3 FH/5F
Hl7b ol 1 F3s, 2¥s 2 &t sMesitte
ojFo] Utk A Eo] T ANUAYUEE e dTA
Mol A 2 AMzUrte stg, AHAR slen dAE
Aolrlee) Ao o8 PMLSMe wde] o] B
gk, =% PMLSME F3/A{u7t & Aozt &
olsln] &Y A 8L TAYsloz HI &0 & A
Aed ooz B oheg n3¥d g nd deld
olg], g Alad]l I MB Alxdle] FFYUSE Fo
A3, AEHT Ut

PMLSMe 7%9ae 3Ad J3x88 FrdF
718l FEHae 4ot a8y dddes & F5
5 7181 e g #% deld FE wEd #
Ay, GREF olFAL AAFZ F HA Al Frt
Ro g zasiotste AMgEC] ZAdA =Ho sArg)
e pFHEE EAo AT 53], PMLSME 4+
A ANz A Aol HdHoz CdHEFH
(detent force)el 2AstA Bl clzig ddE"dL
AF 538 WF9 Yo Hol, 771y 2% £ A
52 498 29 oflzt si7iel AdAdeE oA
o}, mhebd PMLSMS Ad%€ 8347171 falxe o
dEo) g FEg A F olo] dig o] #i&
H4sic), ol# Y tJWEH (detent force)d HAAIFI
71 918 PYPER A FANY AFES AAHI] 2H =
(2], 9FAEE $EE 7|ELE 39 A2 d&
wako g 2y 1/29F ol FAlA wiAe= WY
(1), zZelz 1&3% A 4L ¥93AA duEeEdE A
Zele Wy 59 d3dnrr 28 HAG.

B =8JdAdE PMLSME %8 ARE Hatod 4
3 3714 wge) digtdd, dued [3 54 #+¢

A2H S Fd 43 vz AdEHAUeH, S THES
A 2 2ot U OdEe AF AR T4E AN
skt

2. PMLSM| CHEZ XZIE4

2.1 AFRM XIZ wist

AEANY PMLSME F7ANe A3Fo) Mg
g duEdd AEe Wase AL ¢ F Ao
J7A4e ATEE ATH/E20F J1FeE 3.25,
4.25, 5.25,...(n+0.25, n=F¢)2 HAY A5+ o
JEHS fE 29 4 Uo2). & &R 94 2ue
132 A71xe 2927 l4mmelth, Betd duE
de Aoy fd FTANY AFE 4 &
60mmz 4, AAHAS, ot FTANY AFE/&
232 w7k 4.250) 2HSA s} Hape wdEd
% 27 ggoity. £1919 e4e| A-8¥ PMLSMS]
AAE vehd Rolh,

E1 PMLSMS A€

+ £ A} A
e 3
AL 126{mm]
=274 (1)) 14 (mm)]
135 | sz2 8 {mm)
HEE 123.9(mm)
o Sl d&E2 3
29 d4d$ 46
Eol 10 {mm)
Z7 0] 66 [mm])
2 s | Aol 60 (mm)
A NdFeB
AAEYE(B,) 1.1 (T)
=5 NAR FF 5 (mm)

o9 12 ¢ 232 PMLSMY 2dS Jehdiz sld
AP AFE/SE0H ¥E n2AF PMLSMe 23
237 o]l2 maAdA ¥e& PMLSMHAS teEze of
% ang duss) dAskd ASEFH = 80mm o
PMLSMe 2at2g sidrdz Mysdnt 18 2
22 dol7t Smm¥Y o ZAFe] TR AFE 4 o
7zt 60mm, 80mme F 29-& FEME 53t 34
g 2% el it}

18 204 Bxo] duEZHo WESeE F=E JF
247t ol S A WsletA H& tidEYe] Hox\ e A
Azl 224 FosiHch 1Y 204 dREY AXE
3t F7Ade] AZE(60mm)E AP PMLSM
9 fuleae ol msA ¥ FFAMe AFE

- 757 -



(80mm)° e PMLSMd disted o 79.8%% A%
Al F Ao

Permanent magnet

o W

a9 1 YUEY AZE A8 IFAN 435

—e—  Adusted PM width {50 mm]
12 —O— PMB0mmM

Detent Force [N]

2 L
10 20 30

Displacement [mm)]
a9 2 97 AFE 2Fd 4 ddEY H

2.2 [} &REAS n2d CiHE2|of X2t

a9 3& Aozl £2 %] ¥l mE tidEge]
wE WS golur] 3ty AMYAERT vy &2 &
Zte ZAzke] AZIAE Vet g4l wE del
EY  &Ho gl A 2%FLe AFE
h = 80mm& Ze GFANE HHEdE A
% 38 4 32 5mmolA £#3F°] 14mm A
HHERE Ze 297 WHER S ZEe 2d Alolg
e wge] ol& RAFm Yot 27 4444 B
ol BtHl&F RddAe TUHEH /AAERE 2t
:]quaanl st <}46.4%7} 7‘1%5]5\’1%% % F

0, Mrt

14mm
m S

P
(

Armature

(a)
-um >dmm

AT

Armature !
A

()
a9 3145 A7 ¥
(@) 742y £%& e A7
®) WHEEs 2= AR

15 =

-—C—  Open slot

—&— Semi-<losed slo
10} /‘\0—\ /M /‘4
b

/ 4
—
3 K\»\,«/’f[ b

i \
/ |

Detent Force [N]

, 20
Dlsplacement [mm]

33 4. A7IA €2 e dHEY vn

PMLSMeIH 43t ddEde 232 §7a4
B2 283} Ao1% Ao 2AE ¥Rajeled 453E
ozdy 47nz WALEE ASUOA tuELS
AZNY & 99T, U WHEES ALEEz o
A Ask A Apelolae] A A&l Frletel w4 oo
27t 3718 Aoz Agdc.

2.3 47X wxlo) o Cld=d X7
142 2714 AFe A€ AT oo FTAN
& AAA AW 29 5(a)sh Rol Aol 2343 o
FRAN 714 A Aeldd BE tHERE Nz
oA AEe AZao wastd FrkaA "t 1
AU £234¢ 1,2 S9e W 295(b)9 ol e

2 B JTANE /297 TR e 97

A4 98 SusEe pAseld cledes ool o
s

29 62 320 SmmatolN HWEY AR A%
o 2% JFANE AWK AAZ PMLSM3 o€
eA 2 PMLSMAS dUEY 4 A%E 4
Bln T od7)d 5 omde dradel AFEe
80mmz FYsch 1@ 6l Hxol TR A
A& $¥ PMLSMoIMS DUERe ol n2eA
%e PMLSMl diste o} 86 5%8ARAZL & 99
o

2.4 5 WA2 SAo| 223 CHE o] Kz

oY 7€ ddEY A P BE WFe A/E
dehla gek. 29 74 B%e] UWEY Aug 9
gy F GFAN AI2E ARAA FE P
FFANY ANAE FF UL BN nA}AL 1)
PMLSMoH el HUEHE 927% ARAL & gt
129 8& ¥ we PMLSMel & vehd A
otk I¥ 8lH ¢ # Y%l YFAN AIEY 2
e B P43 47N AMAE B PHE $A
of meis FUS W azel nE FHeMY dE
g Ago] A Fol=t AL ¢ F AUtk 2y
23 A FFAMY AFED AMAE FA) 29
@ A% Raizgo) me FHe $az 90 oA o
BBINISZ Q7AMe E& melsixl g Aeug
12037 AL @ 5 sled, ole PAM A3
%5 adsied O AW W AI2/e%314
25522 1 ¥ gold Pz we
12+ 3o,

- 758 -



;\F LK —p

BTN PO
RHNNEWEREN

v
T — gl i

(b)

219 5 4TAA] wiAel wE tPEdY
() REHE 1ejstA] o4& PMLSM
(b) PM9 AMAL Fid ddEdE 1

#l g PMLSM’
15 < Reallocated PMLSM
. P . ®  PM width 80mm o d
10 VAR /
E H A ! i :
o 5 ly ! i ;'4
g "{ ? ! § !
g AL A, T A
-— g ? ! " \.,‘._’~J MR =
8 y ! 5 ’
& 5f i j
o ;
b B
\ 1
-10L b\_,\o/,ro Q\yp.é
15 L L
0 10 20 30

Displacement [mm}
a9 6 FFANE AMAT T duEd

W W@
18 —&— PM width 80mm  —0— Semi-ciosed slot
15 —&— Adjusted PM width —C— Reallocated PM

12 # - Adjusted and Realiocated PM

f’J

Detent Force [N]

Displacement [mm]

29 7. 9AEY 47 g o
dasg s un

80 ¢ s DA
70+ bol n
=60 = % A
= % B
» & f
S40 ¥
=} e
30+
4 —— Adjusted and Reallocated PR
20k ——— Reaflocated PM f
; —o Adjusted PM width
10 @ —o— Semi-closed slot L
—o— No consideration of detent Force R
oF Y L ' L 4 L s L
o] 20 40 60 80 100 120 140 160 180
Displacement [mm]

29 8 UUEY A7 Rl BE 9%

100 -

{a) o) {©) 9)

Reducing Method

Reducing Percent [%]
] 2 g
L : .

N
>
1

¥ 9 e AzbiAd e A
3. 2

rle
i
Ao

M e PMLSMe dulEzge HAgE A7A
Qo) tsted Agson, JWEH A WA
&S FEME 53t A3 oz Aug ¢
dEZ dF A Wy F 1350 dHeR
WA ojM e dAEH AFE 46..4% A7
gdou FaTdd At Frbelel A go] gras
dx J¥ J¥S vjAA €9 gdA HudE
s AZE dAAe J7ANY Zg WA
B3 d7AHe AMAE BB $4 a3 o
AR PN FAG westd FE TS o g3
HA o 90%0lde] tdEZ] WE ARENRE A
Aoz Agdc
@228
(1) T.Yoshimura. H.J.Kim, M.Watada, S.Torii,D.Eb-
ihara. ‘Analysis of the Reduction of Detnet For-
ce in a Permanent Magnet Linear Snchronous
Motor’ IEEE Trans.Mag. vol.31.pp 3728-3730.
1995.
(2] 204 " ALE FXHY 1Y g )8 Ay 49
ENATY BN 2000,2 g w A=
(3] S.A.NASAR. 1.BOLDEA ’Lenear motion electric
machines” 1976
{4) Jacek F. Gieras, Zbignies J.Piech 'LINEAR SYN-
CHRONOUS MOTORS’ 1999, July

32 A
e
nﬁﬁmgmg

o

™

o L it N 1 B ool mjo 30 & Y



