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Characteristic Analysis of High Torque Hybrid PM Step Motor
for the Optimum Design

Tae-Hwa Lee*

Abstract- This paper deals with the effect of
rotor thickness variation and winding method
in high torque hybrid Permanent Magnet(PM)
step motor. As thése parameters vary, The flux
distribution in airgap and torque characteristics
are influenced, which is related to output
power, efficiency and cost.

These parameters and charateristic variations
were evaluated by using Finite Element Method
(FEM) and experiment method.

From these results, Characteristic analysis
for the optimum design was studied and
prototype motor was made to test perfomance
analysis.

1.4 B

28]2Hd gloixMe 29 F&L JTAN Yy
Aty dAg Mojraglel AFz FFAML AR
d WA 47483 Hybrid PMEel 2 Al&9
FFE ol F1 U},

a1 oA stolHEE AR RHE A% o] Zu x)
#A(Detent) E37} 2 EA o] AFe ¥y} A=
FHoz AFH FAZ7], AMRR 7171, ZHA7I7] N
ZJZ],J:‘} AEs 717 Tl 2 S8 HA =] s}
I gleh.

Hybrid PM 2% =¥ 9 3 Az Ao AAL 34
gl ] $£5 FIHAI7IL AUA] He| & %?Z}H% A}
£goe2n 2517HE Foln FF AL ANE F7HA
2 4 g, a2z FAYT a3 3o Ay A
AE 53 €22 =4 5 S7HA712 oHF 34 A4
og Q7 AFE =F3Y Hybrid PM 2% ZEHE
I B3, A& gHo| Mgt

B =8 Hybrid PM 2% 288 3 1y4
219} AR ArG 71 FEL R ol FEHH S W EaR
2E #Mstn, o e SN S A
2 BAY dold wWE FF9 2% B9 EAEA,
2HA oy dvige WES vn AEsS FF
AAE 9% ¥45 douznz Fg

ol ML dal ArIErE L BBy
T3z 2D,3D {8 4sAY(FEM)E o] &3}
A4 BX9 EAEA AEHAS £t

e

Alg
=
ed
©

_8._|_.

2. & =
2.1 Hybrid PM 2HR2E9 Fx

¥ =F94e Hybrid PM 4% 2He 49 AF
Agol ohd 3F 34 AAL A g £ AL 9
 JHEE FEEd. HAAE 2g1 (b)olAet 2o
FTAN G HAA B4 A, BE vixstn 5 A4
o AL A7|Zdez 180% olFuA TAHHA 3L

Jeong-Sik Kong**
*Dept. of Electrical Eng. Kyungpook Nat. Univ

T OGS AN
N LD KA T

Chul-Soo Oh*
**Sorabol College

. oolg @ r2E A94L 2Y F 3o A% 1 E
29 A4 AAs} stesttt. AHEE AT L IEC
Code SI-1-5%1 Ceramic 8°l9 ZFA4 B0l 385
mTeolz BAY Hrt 235kA/melth. O 28 HAA\7}
1/2, 1/3¥ We} BMxolx, 18 3& Hybrid PM
Yebdc

2HHEY A4 55 S

(a) AFA (b) A=}
2% 1. Hybrid PM 252He] 34

C a A [of 8 A < 8

A [+ 8 A c 8_& ¢ 8
U WU S W Ve Vs

Stator —

RN 95?:*]' '

Jﬁ‘;”LJ -

(a) 1/39x] A=

[+ A c 8 A T B A
GW_‘TﬁJ—L_ r‘L’LﬁJ—U—“ . r“_f—ul

coll N '

D R e A e ety
o BT ¢;C>:)-‘ 5 ':;:iéﬁ&‘. :
cmaa r . [ * ! ' ' _;_#,Jh: \——Jrl ) )
oL TS ---
Tooa s . : l

(b) 2/39%] AHE

2% 2. Hybrid PM 2928 e] g4

Stator lamination ~
Stator winding ~. E

a3 3. Hybrid PM 2§28 A& 38

- 870 -



1. #azde Ad

53¢ 2200V}

Jso)-_/;: 318-

A A 58

IR & 60

1% A Salient & 123

132 F4 43
DAA 93 130(mm)
A 93 80{mm])
232 W3 82{mm])
AR, DA A E 1.8(mm)
AR, 3R T 3.1(mm])

by 1.03" /step
ATAN A 14(mm])
2.2 S5 de]

Hybrid PM 29 28%E 232 Salient 3 £l
247 Zde] LA oo}, ARG F ;o] Aleld
de G7AEY 7Sz qN FFEE AAd e 5
A EAE HAFY. 2¥ 4% AxAAYd o sAx
3 1.03° 9 2¥17te 2 Faste 948 Jelyn 3

[
4

/o

7S

/

//lav//
; o
ANWES
V_/ :
.

&

4
\k\\
i
:

i

Q\
W
w

1)

RS o i =
_i;_N- E— s
al—x '~ #__]a

] . £

X N~ £
% 2
B . \M'é:e c

wi\\

Q

L
}

>

(b) C¥ol dAd A%
a3 4. H3A  Step T WE 2GR

Aol oA Hol zlFe] NFoz 22 HYLS |, 2
g 49 (a)s go] 839 AL 7R AR A%
236 (Detent) & #X &},

g 942 7l dAHY AT QER YA C
F& NF°] Hol 29 59 (b)olMg} Zo] 29 A&
HAe S= X o g A "ol

o]} ol AJAN C 2 oAl B¢ HAxE 2
Zhekg 9 AA W & Gaggsl wigs sAddn
ol2{3 Aol dHHoz Yoy, AR A C —
B— A-C~"B 9 €42 399t 60HzQ AL @
3‘1194 APAIZEE 2.76ms o8 3AFE 62rpm ©l

2.3 87152 9 Nrisz 4y

Fe

Ry
£ P —a
AN
R R
—> i 1‘ ] Fu g Rn
Ro Re
N
4 = AR
o/ Rn
(a) ()]

a3 5. A7lEs s
Zt g AN BN R EA QA HAR
Ztx Wislel walolg] Wgd o Ed EAAL §%
7] A8 1A FFE 53t Al sldo] o] F

ofokgiet,
A42ds A& 58& Fo 19 59 2e S

o BAfn Ged DE GNE San
Hud 57} 1A
Frpg = F,+ F, (1)
HEd S5 1A G
R = Re+ 2R, +2R, + Rn (2

AA 2A%E 27 98 2 9% A&z 7Y
o] 9§ 402 Yol EH 758},

Flh= RthX@[h (3)

44014 23& ERe WA AE 0,e e
2y

Fu

®» = "R ¥ IR, Tt 2R, + R,

4)

H4) e 132 31 gAY Fol wiErm gg q

o Hd gelth. Py TS §oete AA ALl

£ 2 7 dsy g3
Ri | teeth®] ZA7IAY | Fc| coild] 714¥
Ry | 232 83AVAY | Fn |G TAA S 7129
Re | 35 A71A%  |Rru| FA AVAY
Ro | 9744 ANAY [Fa|  AAZIAF

- 871 -



2.4 FEMZ o|8% E3s4y

A7) AA 239 ALPE 2 EAKYE A
7198 As AFr] 9A49 1/4% =933 2D,
3D FEassY L o) & ABH A &t

a2Y 62 dlMrde 4Aas FExeln, 29 T&
HaZze ez A FRezr 0%, 60
£,120%,180% 3Asd S we Az e &
EXE vehdct.

l\

(b) 60=

‘|)r‘

{ff'iu 5
\A\\"‘., l//fé%
(c) 120% (d) 180%

29 7. H3Ae) P BHE ASTIE

|

|
|

torque [Nm)

[ e et S

2 0 40 50
Rotor Length [mm]
a¥ 8. AA Hojd W EasdIAd

gHze 34 74mm =7 14mm9] AR e JFat
A }Zo A, BY F Al HF Helle FE=2 H

olq.

@ 7z} 9B WA By Lol & A A7
o T3 A% XS ¥H F o9 T 9
< A £ Aok BHHdzAe] dolg 24mmelA

olfl mto
\‘ﬂ o}ﬂ r

T4mm7tA] 7} AFHE 49 A E2= 23 83 2
o

2 Z3 AB 3AA Aol 47 12mm ¥ #H F,
AA A dol7t 38mm € W HF F& EIEA
< Holx i},

3.4 B
£ =RedMe 1F 34 A4z FEHE 47, 2
7 1.03° o 3 E3¥ Hybrid PM 2F2E S 9
& AA eU k]

AYe B 54 B4 5
Ega B3 BaUole
m Y [qi z,]x%o] ﬂog 5]])&45]

o uigoz HAAE ol 29 ABYoEA F8
o AYP 3 =2E YWY 5 AL A2 Jugn,
S5 AP HAx BYQo| Wsje] BE o 3
Fuigje] Wl 4% UA 7Y Aol

(&g 8)

r~|n

[1} 238, “x& 333 Hybrid PM Step Motor®] 5433
A" ARY AgAEdTFA 4R 179, pp93-101,
1989.

[2] Benjamin C. Kuo, ” Theoy and Applications of Step
Motor”, West Publishing CO, pp.206-251, 1974

[3] Jacek F.Gieras, Mitchell Wing, "Permanent Magnet
Motor Technology”, Marcel Dekker. Inc, pp.325-351,

1997
[4] Simyon Palmin, "Optimization of Steper Motor
Performance”, International Motor-Con, Intertec Co.

Inc. pp.95-103, 1986.

[5] Takashi Kenjo, "Stepping Motor and Their Micro
-processor Controls”, Clatendon Press, pp.93-125

[6] Leander W. Matsch, J. Derald Morgan, "Electro
-magnetic and Electromechanical Machines”, John
Wiley & Son. Inc, pp.486-489, 1987

[7] B.C.Kuo, "Nonlinear magnetic circuit model and its
application to static holding torque prediction of
hybrid step motors”, Pro. 15th Annual Symposium on
Incremental Motion Control System and
Devices, University of Illinois, pp.303-313, 1985

[8] A.C.Leenhouts, “An Improved Model For The Hybrid
Step Motor”, Pro. 13th Annual Symposium on
Incremental Motion Control System and
Devices, University of Ilinois, pp.157-161, 1984

[9] P. C. Sen, "Principles of Electric Machines and Power
Electronics”, John Wiley and Sons, Inc. pp. 450-463,
1987.

[10] K.J Binns, M.A. Jabbar, "Dynamic Performance of a
Permanent Magnet Synchronous Motor”, Conference
on Small Electrical Machines, IEE, pp. 78-81, 1976

[11] Peter Campbell, “Permanent Magnet Materials and
Their Application”, Cambridge University Press,
pp.87-98, 1994

- 872 -



