2004 Cist™ 7|t stA|stals| =2 2004.7.14-16
Claw-pole2 Z= PME AEiT DE{o] A3sto] Bt ol 7

FHE, Hold', Y3
TRFEITR, " SR

oety, Ay

s

A Study of the Miniaturization of the PM type Stepping Motor

Se-hyun, Rhyu™™, In-soung, Jung’, Ha—kyung, Sung’, Byung-il, Kwon™
‘Korea Electronics Technology Institute, “Hanyang University

Abstract - Recently, there are growing demands for
permanent magnet(PM) type stepping motor that
greater mechanical output, smaller size. Especially, the
PM type stepping motor with claw-poles is preferred
solution for many small electronics position
determination devices since it is small in size, low
cost. But, the design of the PM type stepping motor
with claw-poles is very difficult because it has a
magnetic 3-D shape. This paper deals with a study of
the miniaturization of the PM type stepping motor
with claw-poles. We investigate the characteristic of
the actual model using the equivalent magnetic circuit
method and 3-D FE analysis.

LA 2

20|, FU8 o|FEAN7E L 4F A
71ell 239 claw-pole® %= PM(Permanent Magnet)
d ~H TE(Stepping Motor)e] &-&°] EolXzm
. 22 Z8 2= 428 289 REE Y g2d 3
7lste] FEFo2 QFERIX Aost 7M5stn, 1 Yy
AR e ITFAE HAARE AMEE 5 U BA
Al BE FAYHE JIReE YXZERAE FEULEN
FHol g woh 28y, FERFoE 33U A7H
A2E 7tFoz 293 AFE M HAF7E A3
2 dAe] 7jirg FRAAL ol R Aok F{1][2].

E =F9ME claw-poleS ZtE 2HY 2HY 43
3 ATl FF d¥ozN, FUAHR L 3AA &
2484 (3-D FE Analysis)E 7|¥te® § 438 32
o] e EAL BNyt £3 AAE 9% 6mme
o] A7) 2% claw-poled 2HY REE #lzs}
o E4& nastad.

2.2 E

2.1 Claw-pole2 2= 2HIE Lg

YutHo g, claw-poles Zte ZHARHE JUz2
FTANE 7HAY, AFgge g 2oy ¢ U5
o) FYRI} ANFE FRE et "N, ArE
Hog 3x49 A2E o)A A 28 12 & =F
o] 47 YAEI 43 claw- poled R F7ANY
26 EHE deidc 2d6X BRo], 2HH &
e 94 2goz Hojglow, e, Ax F9 x7
2 7302 3}9A ASPYL Aevh 4 49 8
aRE FA AA7}E (HA 7Y AARA 1/2
BE AFUges oA ANdn. oy JAH
T4 o8 TEI}E 2YE VYA z2E A7
W destuzyd, HAze HA AS3179 125
4 Atk ® 1& B wFe dvdd 2dd
claw-poleg Zt& 917 6mmd PME 283 RES 3|
42 Yepdd.

o

sew

- Ry
{Permanent Magnet)

3 e(Coil)

22 &(Claw-pole)

a9 1. Claw-poled Z= I7A44E 2HN 2H
Fig. 1 PM type stepping motor with claw-poles
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Table. 1 Specification of the PM type stepping motor
with claw-poles
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Fig. 2 A basic exciting circuit
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22 S71AP|s2YE 0188 E3 NE

Claw-pole® Zt= PM3 ~HYEE 9 EAaHHS 9
] 32193 S| 8E 2He 58 239 B
o] A AT77} olFoiA 3 itk £ HeMe Tt
A7|B 2yl 7128t 26 2E 9 Az YA
g A=z EAXL FeuA o Bl 334 AL
coenergy W9l 3AA ¢4, 69 vEez 7 F 3
oH4].

d Ww,(6)
TO)=—¢g5 (1

A (D2 2H, a¥3 bae) A4 AR P EqE
27 g9l A (), 3% 2.

T (=1I,N,P?®,sinpd 2
T, (=1,N,P?0,sinp(+9) 3)
AN, I, 1= 2439 3%, No, Ny 239

ANSE vehle =@, PE ATEE, Ome 33
A&S vepdth o|2¥E, A WAEAE 4 (@
2.

T= T, (O)+ T,(6
=INP? 0, (sin PO+ sinP(6+8)) (4)

o714, 65 A7Z4o g NEE Vebdt

2 (2 2E, 3AY AXd ©E FAAF, 0mA
A7MA Zhatel oAz e olste] WASE EX ¢ I
HE3= 19 49 2tk a9 494 BEe], 7} o
Az o3 WAEIE ArlZes 9oxe HAAE
A=, ztzbe) Axzt ¢ 32gem7t €& ¢ F UTh
g5 o2RE #HAuUY =2de EJEZA(Holding
torque)= o 45gemst B2 yvEbdth 28y, a9 49
ARE SR 2HE ol¢F ADE A vy
A BRe sty wgen, =3 FgA&e ARE
APHoz 1A AFAZH, A AAHE B2
A TE AYL 42 & ¢ Jot. gHA, & =
o= Maxwell 3DE &% 339 fFFasrsqyE 3
G L=

o it

Torque [gem)

00 72 144 218 288 380 432 S04 578 648 720
Rotor position angle [mechanical angle,degree]

g, 4 AEA A (I=70mA)
Fig. 4 Torque vs. angle curve (I=70mA)
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Fig. 5 Flux density distribution at stator and housing
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Fig. 6 Flux density distribution at X-Y plane
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Fig. 7 Torque vs. angle curve (I=70mA)
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Fig. 8. Measurement system of static torque
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Fig. 9 Torque vs. angle curve (I=70mA)
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