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Optimal Design of a PMLSM with 9 Pole 10 Slot for Detent Force Reduction
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(In-Sung Hwang - Hee-Sung Yoon - Chang-Seop Koh)

Abstract - Detent force of a permanent magnet linear motor (PMLSM) consist of cogging and drag forces, and should
be minimized for high precision control purpose applications. This paper shows that the cogging force can be reduced
effectively by employing 9 pole 10 slot structure. The drag force is minimized by optimizing the total length and shape
of the exterior teeth of armature core simultaneously by using (1+A) evolution strategy coupled with response surface
method. After optimization, the optimized PMLSM is proven to reduce 95% and 92.6% of the cogging and total detent
forces, respectively, and give 12% and 6.4% higher Back-emf and thrust force, respectively, compared with a
conventional 12 pole 9 slot structure under the same condition. Additionally, Simulation results by the proposed optimum

design are verified by the experiment results.

Key Words : PMLSM, Detent force, Cogging force, 9 pole 10 slot structure, Optimal design

1.8 &

grA HAE %7] AE71(Permanent Magnet Linear
Synchronous Motor, PMLSM)= 2 nA% 9T7A49)
A 2 Az 47ty g, AGAA Jled gAY Aol
%o W 3lgle] Zmala daulelE, Fa v|Ae =
E A, = 2 F MY doly L4%FX T o
SE& 2o Hial Eojvtz vk Y G AY F
71 AE7e 2 EAA tdEF(detent force)o] A5}
71719 28 % AFL HuAd By ol 7)7)e Ao
A5g AT E EAFE F3 ATl

@ 138 GT7A g F7] A%7(short primary
PMLSM)ell A4 9] YRHIEZZ F 7kx] 4o os) Ao

=

e
2o

a F e 3AdE AErle ZAEAC dHHE e

#7129 Rlteeth) B & F(slot) ¥ FTFAA] Abojo A wt
Aste @AY (cogging force)ol 3, ThE stube mA A
= olEAe & ¥ dot @ty WEd TAse

A3 71E) AFEL 2EL AL 9%
£ Fol7] A% Aoz FERAT PMLSMY =
i3 E 97N EE A7AA A
(skew)E A& wWd[4-6], AR £& AT (slot
opening) ¥ 2 x Z zA[2], AR HHY £F AL
[38] 5ol A= &g gk 2} ol5 Wi Y&

g8 Rk KRk BHE TER
AR, E®E Btk BEEEFAFTE TBK #E
E-mail : kohcs@chungbuk.ac.kr

e =3 33
v AR ¥An v F

QT B g FTFANY T HA (1% ANA
299 &% A ()9 H&E FHd dE ol &HH
41,=31 (43 4&F F2) = 20,=31,2F 3&% T3R)
AX 9, =10t(95F 10&F T)2 WFH22A F7 F
gol &4 glo] AYE A AAY & Ax Pyl #E
SR, BEA 95 106% +2E A8 PMLSMd i3l
o GAIRLA 5& Eslo RIS FUE AdsHE A
A UHEHE Frjxoz A4 5 A& Aoz 7|4
o1l

@R e % v|Ee WHLRE AR Zolg
dore] HEXE AXs 1 Fold ZL HH3 WA
E 37, AR Z2o)E zAstn ¥ 8 (chamfering)
< AXste W 9] 59 477 AAHT Qv 2# ),
BEAE AR a2 Fole E& ¥zinze e &7
A HA Aolo) =P AAHYE AAE WYY 559
BYE E F Q7] @7, 42 HY AFS 4% /M A
Holm & WL AN AR dol 2HE TA
o AAg3E Aolgt & 4 vk AR Hole HAF:=
A7NA Fo A BASE F diFol T P& 2]
i o 9AAE -] 2dste A2 FAATIE BY
ojth, wetd AMYH i Az Aol £HE FAld A
T RE AHYS Tl ddolM wAsE GrES 47
Hazhd F AN Zo)y 2L BId 1 44E FHA

| 24O thal a8 5

B orRdAE 9744 43
37 flsted 9F 106% Fze Asam AP A
} ol 2BMe Bl Hey AHMA WL Ads

ol g

A
7

b}

x| & A A 589



ERBERNEE 578 4% 2008%F 48

gt AF3 IRz HAUSF T FEH(sampling

poin)o A FeaiH S 01%0}@] HHEZRS Aistan o
ZHE ¥r$-FHH(response surface method, RSM)& A&

gt EXRFFE A F (1+AN) F3k Fevolution

strategy)S o] &35t AHHAS AAe= AA HAFUY

Az 75 APL Bsld 1 gIAel dFHAh

2.2 B

2193 10X *+XE = PMLSMel =7|4A ¥ 54

a8 1 (@2 A7 F HH (1,)8 A7z zmo9
&% A (1)9 ¥&e] (41,=31)¢ A gz °&Hx
AE 127 9% TZF9 PMLSMLE #t%x ¢old L%
Ao ALEHI e BEdelt), o] ¥ ¥ 1 (b3 7
] ABC #4718 o838z geovy, 378 4 guey
A7) fste] A71AR Ko 28 1 (0)¥ ol Hud
AX st E Az AAZolE HAH3I § mdo|t),
ERME o] RAL yFoz 3o FTUs %o 9T

[+

et wlo

e 185.6 o

8
125 12,5 1275
: s o 1 s s 1 | - | o e | = i |

125

(a) configuration

(c) optimized shape for detent force reduction

¥ 1 34 123 988 7 =29 PMLSMe| 3=
Fig. 1 Configuration of a 3 phase 12 pole 9 slot PMLSM
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Table 1 Specifications of PMLSMs

Ttem Specification
12p 9s 9p 10s
Number of phase 3 3
Slot width(mm) 125 1245
Slot pitch(mm) 20 18.45
Laminated height(mm) 50 50
Pole pitch(t,) 15 205
Thickness(mm) 4 4
Width(mm) 125 14.8
Material NdFeB NdFeB
Residual flux density(T) 1.23 1.23
Mechanical tolerance(mm) 1.0 1.0
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Fig. 3 Cogging and drag force of 12 pole 9 slot and 9
pole 10 slot PMLSMs
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