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Manufacturing Prototype and Characteristics Analysis of HB Type Linear Stepping
Motor with Longitudinal Flux Machine

TERE - ¢ HE"-ZH&E -2 %8
(Kyu-Shik Won * Dong-Hee Kim * Sang-Ho Lee - Hong-Seok Oh)

Abstract — Nowadays, the necessity of linear position control motors have been increased in the various fields of the
automatic control system. In the recently, the position control motor have disadvantaged in the efficiency and
economical view since it require a conversion equipments such as belt and gear in order to convert rotary to linear
motion. On the contrary, the hybrid linear stepping motor(HLSM) of linear motion digital actuator has a direct drive
method that do not need mechanical conversion equipments. Therefore, the HLSM is better advantaged in the efficiency
and economical view than a rotary stepping motor. In this paper, we have designed an optimum tooth shape and a
permanent magnet value between the mover teeth by the 2D finite element method(FEM) to develop the HLSM with

longitudinal flux machine(LFM) type, and calculated the thrust force and normal force.

And we have manufactured the

prototype of it, and have experimented the thrust force and the dynamic thrust characteristics of it.

Key Words : hybrid linear stepping motor, HLSM, longitudinal flux machine, LFM, FEM
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(b) Manufactured LFM type HLSM
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Fig. 1 Prototype Structure of LFM type HLSM
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Fig. 2 Magnetic equivalent circuit
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x 1 LFM& HLSM2l A|ZD| Algf
Table 1 Prototype specification of LFM type HLSM

Item Value/Unit Ref.
Input voltage DC 24 [V] Bipolar Driving
Input current 2{A/phase] Constant Current
Holding force 80[N] 2-phase Ex.

Step displacement || 1[mm/pulse] %:gggzg g;{(
Number of pole 4
Number of tooth 3lea/pole]
Max. stroke length 600[mm]
Max. startin No load
frequency : 150(pps] 2-phase Ex.
Wedge type,
Tooth width(Tw) L40[me] 6=15"
1.95{mm]
Slot width(Sw) 2.05[mm] Rectangular type
Slot depth(Sd) 2.05[mm]
Tooth pitch(Tp) 4.00[mm)
Stack length 50[mm]
Mover length 151.55[mm)]
Stator length 954[mm)
Air gap 0.1[mm]
Turns of coil 300[T/pole]
Resistance of coil | 1.5[ $£2/phase] 25[C]
Magnet type f '(7)?%)](,5_01[1121{91\]] NdFeB
Dirichlet boundary condition

a7 3 LFM#& HLSM2| 2XIa Reiessiy 7|2 =Y
Fig. 3 2D FE-analysis fundamental model of LFM type HLSM
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55 # EFolA AFE Alzvied LFMY HLSMS A 3
49 #7)% (Wedge type, WD)l t 22hd Fa sy
EEg e AT

a3y 4 J|E LFME HLSMe| RT =24
Fig. 4 RT model of typical LFM type HLSM
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aE 5 AET| LFME HLSMel WT =4
Fig. 5 WT models of prototype LFM type HLSM
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Fig. 6 WT model with PM inserted into the mover siot
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{b) WT model
37 7 LFME HLSM2| #l 84t 2dof 2 XspEE

Fig. 7 Flux distributions by tooth shape models of LFM type
HLSM
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Fig. 8 Flux distributions of WT model with PM inserted into
the mover slot
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Fig. 9 Thrust force characteristics by models of LFM type
HLSM
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Fig. 10 Normal force characteristics by models of LFM type
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Fig. 11 Max. thrust force and normal force characteristics by
values of inserting PM
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Table 2 Max. thrust force and normal force by values of

inserting PM
Values of Max. thrust force Normal force
msertin,

PM(Br) [gT] Value[N] | Ratio[%] | Value[N] | Ratio[%]
0.0 859 1000 3302 100.0
0.2 92.0 107.1 322.2 97.6
0.4 96.7 1126 322.7 97.7
0.6 100.1 116.6 332.1 100.6
0.8 101.1 117.7 357.3 103.2
1.0 93.2 114.3 394.6 119.5

120
110

—m— WT(without PM)
—O— WT(with PM, Br =0.6[T])

Thrust Force[N]
o3B3 828838838

0.0 Ojs 1iD 115 2.0
Displacement[mm]
a3 12 ZIEX 2R YFXAM S Aelst WT 2R £
Sy
Fig. 12 Thrust force characteristics of WT model with PM
inserted into the mover slot
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a8 13 71X 220 SPXA S MUt WT 229 =%
3 54

Fig. 13 Normal force characteristics of WT model with PM
inserted into the mover slot

a9 11e WT 299 7153 £ A4de 97A44
#e WIAEA Adg FaFEs 48 548 v
o gled, ¥ 25 WT 299 7153 &% 248 3
FAN G dstd g HdFEH FREf g 2 A

511



BRBFWLIE 528% 108 2003% 108

HEE Yt Aok S4FH, Hoido] o} 166%~
17.7% S48 32 38 ge A9 HsEx @& 06T]~
08[TI7t WT ER9 75a ¢4 AU T4 o
2 743 AAY Aoz ALz ¥

3% 129 29 13& 274 LFM3 HLSM V52 & #9
BFAHBr=06[TNE H4YT WT 2o 223 Sz
54& dehin Aok A4 233, 9744 Br=06[T)S 4
e WT 229 HujFgo] o} 166% 27191 $28 3t
2 FTANE AUeA @e WT 2da A §A87)
WEol LFM¥ HLSMS 3% S4o] nj$ AH® oz

e

N

4. LFME HLSM9 M A

I¥ 145 ¥ =FdA4 AR LFMY HLSME] o]%w
el mE Fg Adddst 2HANE Ygun 9o
LFM¥ HLSM9| ©]&¥¢le dolA £H7]2 o|gste =
2 o]EAYNE 543U, 38 & Force GaugeS A& 3
Atk 2 14004 39 ANERY 29As} B 9xe
224 229 HFEL A S E§ LFME HLSM=e} 44
R AHo)2Y AIFHL Y2}

120
110 4

100 +

Thrust Force[N]
3

—— WT(without PM) : Computed
—+— WT(without PM) : Measured

10 —O— WT(with PM) : Computed
0 l — . > —3
0.0 05 1.0 1.5 20
Displacement[mm]

38 14 LFME HLSMel &3 =4A
Fig. 14 Thrust force characteristics of LFM type HLSM
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Fig. 15 Dynamic Thrust characteristics of LFM type HLSM

58 &

e
i
o

JH= LFME HLSMS % ¥4 HHEdg 7
A3, LFM¥ HLSM9| X9} &%o)4 walsis F4x2
kel Aol A o) YFHAES FgozH Hu)
TINE WY, & 7R £30) 4TRAL 49
< ANE ¥, 229 FEM(Flux2D)2.2 A &9
EY 4719 HAY getviHE vgoz Ay
LFM¥ HLSM®| A 271§ A&stn LFM3 HLSMS) 9
54& 499 23, 0s ) 2o BES AU

[eoAC N S o)
e g b
o >
L ouE OlN Al

ol
-
3R ok

1. LFM¥ HLSM®] AlE#dold Z3, WT(g=15" ) Zdlo]
RT 22 vt HdFHo] o 35% Zst=glon] vt
Yol #H% gte o 12% FisEg. EIH WT
(6=15") Bd9 7}z &Fo AU F7AA gro)
06[TI~08[T] B9 lA Hh2Ho] o 166%~17.7% =
ZHH 3 A8 e A Wty R gyt

2. A&7 LFM% HLSM9] o|5#$le] wlg 2 Aazan
% SAZF} B Aoz 239 FEMS £8 LFM
¥ HLSMS A 2 si4ol&) A4S =50,

3. A1&7] LFM3¥ HLSM ¢ &d Z34wox g
(ppslel X 140[pps] ¥AYL ¢ 4 AN2, 200pps]olA
40[pps]d oA T3 zho] &R 3) ‘;%O}lec— dogol 1}
Elted o]3& LFM¥ HLSMe| €34 T5F g4l 1
B AE FHFY THA 9% ez By

g 2 2 @

(1] J. P. Pawletko and H. D. Chai, “Linear Step Motor”,
IMCSD, pp.V-1~V-11, 1973

(21 Walter E. Hinds, Bernable Nocito, “The Sawyer
Linear Motor”, IMCSD, pp. W-1~W-10, 1973.

(31 S. A. Nasar, “Linear Electric Motors : Past - Present
and Future(KEYNOTE TALK)”, IMCSD, pp.1~6, 1987.

{41 Y. Yamamoto, H Yamada, “Analysis of Magnetic



Circuit and Starting Characteristics of Flat Type
Linear Pulse Motor with Permanent Magnets”, T.
IEE Japan, Vol. 104-B, No.5, pp. 265~272, 1934.

[5] Ding Zhi-Gang, “A Novel Electromagnetic Spiral Linear
Step Motor”, IEEE IAS, Vol.l, pp.329-336, 1994.

[6] Nagahiko Nagasaka, “Experimental Results from the
Trial of PM Type Linear Pulse Motor”, ¥ 7)%} 3]
ul 1 g A7 3], MAG-85-130, pp. 97-106, 1985.

[71 Hideki Nihei, Syooichi Kawamata, Ryooichi
Naganuma, Nobuyoshi Mutoh, “Ultra Thin PM Type
LPM”, T. IEE Japan, Vol. 114-D, No.l, pp.64~70,
1994

(8] 2%4, RT3, o435 “24 dolHIY=Y o] A%
B AEYY oAadd B3 d3, A7|Fg3=gA,
#4937, 5% pp. 358~363, 2000.

[9] Hong-Seock Oh, Dong-Hee Kim, Sang-Ho Lee,
Long-Nam Han, “A Study on The Improvement of
Characteristics in 2-phase Linesr Stepping Motor”,
ICEIC'98, pp.II-93~11-97, 1998.

[10] Hazime Yamada, Yukio Ogata, Kiwamu Murata,
Masami  Nirei, “Performance  comparison of
Longitudinal Flux Machine Type and Transverse
Flux Machine Type Linear Pulse Motor”, 9 ¥4 7}%t
3 mtav g T3, MAG-85-129, pp. 87~96, 1985,

[111 T. Yokozuka and E. Baba, “Force-displacement
characteristics of linear stepping motors”, IEE
PROCEEDINGS-B, Vol. 139, No. 1, pp.37~43, 1992.

[12) Z. X. Fu and S. A. Nasar, “Analysis of a Hybrid
Linear Stepper Motor”, IMCSD. Proc., pp. 234~240,
1992.

[13] Yasuhiro Ariga, Toshihisa Shimizu, “Novel Dual-Pitch
Linear Pulse Motor and Its Operating Characteristics”,
ISIE'2000, pp. 379~384, 2000.

[14] M. Karita, H. Nakagawa, M. Maeda, H. Yamada, K.
Kawakatsu, “Development of Double Sided Linear
Pulse Motor”, IEEE Trans. on MAG., Vol. 25, No. 5,
pp. 3257~3259, 1989.

[15] Y. Takeda, S. Morimoto, K. Taniguchi, H. Takechi,
“Optimum Tooth Design for Linear Pulse Motor”,
Conference Record of the IEEE IAS Annual Meeting,
pp. 272~277, 1989.

[16] B. C. Kuo, “Effect of Tooth Shapes on the Position
Accuracy of Step Motors”, IMCSD, pp. 149~158,
1983.

AEFUY HBY MY AT TEII AR ME R MY

Trans. KIEE. Vol. 528, No. 10, OCT. 2003

H A (T EH

19493 2€ 1694, 19873 YW Fo)
A7EEH SAEF AN, 1992d ddd
T 7T FF(FTEHAN. 1998
T digd AZ|EFEH wAeR, 19969
CANADA NAIT W&u% @A di7)
SUE A7 ASA AT .

Tel : 053-560-3162, Fax @ 053-566-2532
E-mail : wks@kopo.ackr

4 S 3 (& ¥ EB)

19500 11€ 20943, 19733 o) 3o A
7158 EH(FEAD. 19759 dd ) 79
A7 &8I EA(FEAAD. 19873 Kobed)
T Z(FEuA). 19873 ~1989d §=H
719742 AYAA 7R 19999 59~
20001 49 oighRr|Ets] AFAAATE AR 2000 9
¥~20019 2¢€ =9 Kyushuth n@n4, F=29 - 474
vets] o7 - ARA 3 2R A AR B4R
A ddd Fd Az LI w5

Tel : 053-810-2488, Fax : 053-813-8230

E-mail : dohkim@yu.ackr

o 435 (FFHH

19503 79 1394, 19829 gy A7
Fetat £Q(FEAD. 19883 ddo] T
A7) FeH SH(FEAA. 19933 F o
Y dr1Fes AT e, EA4 A
Ao A2FEgR 2 gAgRE Rug
Tel : 033-570-6811, Fax : 033-570-6819
E-mail : shlee@samcheok.ac.kr

R EHN (R B S

1969d@ 19 9¢A. 1992 dddl o
171283 224(FHAD. 19999 G
o H71FH SAF AN, 20003
T dEdY ArleEs S|4(Fua.
A AHY A2FEE 2R A
Jur, (F)ojd2stolgja tF o)Al
Tel : 033-535-0593, Fax : 033-535-0594
E-mail : ohhong@dreamwiz.com

513



