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Effect of Tooth Shape and Unbalanced M.M.F on Static Thrust Force
Characteristics of Linear Pulse Motor
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Abstract - 2 phase 8 pole HB-type(flat-type) Linear Pulse Motor can be used as the high precision position actuator
because of its many advantages (simple control circuit, high stiffness characteristics, etc). Also, using the microstep
drive, its noise and vibration can be reduced considerably and positional resolution may be increased further.

But, 20° tapered tooth shape to reduce the normal force have an much effect on the static thrust force characteristics.
And, because of hybrid-type LPM, interaction between the permanent magnet and the excitation current have an effect

on the various characteristics of LPM

Hence, in this paper, the effect of tooth shape on static thrust force characteristics was analyzed using the air gap
permeance by finite element method. For analyzing the effect of unbalance between the m.m.{ of permanent magnet and
the mm.f of excitation current, unbalanced m.m.f coefficient ¢ were introduced with the permeance matrix and

switching matrix.
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Fig. 4 Air gap flux distribution

A" 4Dl & F ARl WA (x=0lmm]) el A=
AtTtelE 4o A Hg wel uAEEA Ago] REFRS
& & e, oY ALEEX YR AltalE g4 x
T dAAoMe 2HEIYL B4ol $55tm EY Fuy
LPMell A A|717] 7l Rgg FE £48¢ oju AT 24
A & Qloh

AT 2Y 59N Belx e ule}h zo] mARe HExA
7b BF Atel# gele) XE /AT Qo) x=1.09(mm] %
ZelME Folmdzs s ofl$ He AL g £
ooole JHEAbY Azt YA 2F Adymz @
BEe SH22M AR Yo A "ol Nz HAM
2840)~ (Aol EAVZ Y Holmdxel wast glo} o
of o3 A2 Yol LA gpet

Ouat Formulation |

Scalar Potential

Average value

Normalized Permeance [H/m])

LX)

0 022 .44 0.66 0.8 109 i 153 175

0.0 175
Displacement [mm]}

a3 5 32 HojolelA
Fig. 5 Air gap permeance



BAL X 498% 3% 2000% 3R

32 HFY Ex &y

+ AFR7] LPM2 & 39 419 g Xz gemz
g S Hojnda P AG)R EAHAD 7 FEAY
ANAGEEZE BA 4 X XY A48 /D B ¥}
A gtk

P=n-P, (5)
A7, n: ¥ FF X9 AF (n=4)
Po: & g2 HojndA [H/m]

£

293 ARG 71 #5E FAHYE Ax §e
BN7E B3RP A7 E A%Y U, e 46 & 2ok

Ug=U,+U; 6

U, + 72N 9% 7149 [AT]
Ui @ o2dfol g 7129 [AT]

.Uzg.lp. 7

A6), ©)& ANl dYsd 4B 4& F Uk

Fo =2 (U, +u)?- I ®

LPM& FE5A 2 7HEate) X0l wap G749 7
A e 3718 e JAAFE AZAM Astey
ARF 7L Fun 7Y N1AYH A Fe g@
7124 e] @43 FYPL o) FAH A®)Y NAY ¥ U,
EUprUie €AstA 51 FF3e X dojngdxg)
R 3} 3 (dP/dx) FulastA drt

2AM FELLYeR e HAoAds FEL Y A
2 Edgez Bl 42 3y 59 FF Hejng
= TEE FAHLE PlEY 44 ¥FY £X e
ste 19 6% 2 FFY 5 JFUS 2L F U0

38 6ollM A B2 x=r MAXAANM 2] ¥
x=t/8 AN FAHTdE= AL BRAFD Yo} ol A

92 P4 Aol A FAH=0eIM A2 F 2
HIysst A4 433 23 JAZAEs} s
S AL 9 Tad 18 S Aol

g FM9 x=1.09[mm]F¥o] F
Hgol TALE & F AW ol ¥ 59 Ho

)
RN
fN ('_“.i

fe REAA welAE g 2ol DA 7HERE X
Papol BE AHYBol7] W&ol o] Alkel® Farel A
duo] A2 AARN $4Y W Hojmdxel Wshrt gy

d2e2 THHE B A7 oi$ 2% Yot
olgid Al Yol we FALVx Yol XFY HFL B

Aol FFANE wAsT FI ArtHE 7R

dAstrta 7hgste] S Aol FAR

Sinusoidal Curve

Average Value

Y

Normalized Thrust Force

Scalar Potential

0o o H

[ 0 044 066 088 109 (&1} 153 113

0o . 18
Displacement [mm]

= Avurage Value

~=— By th¢ Dual Formulation

== By the Magnetic Scalar Putential

e Sinusoidal Cune

a3y 6 8dx
Fig. 6 Static thrust force

A& wEYz N 9T JTANE EY A15A A
A EE ¥ 3Ue U 1Ay fRasdNg an
ALY AYARS MUYH GTAMY BABHE EF
RN AHetE Rol AEHAY FRAM G G
2 FI0l AT E A2 As 4ol Teslol 1
6oMst 2e FxYol WEY WES B 4 3 B

33 ¥FAIMe 4

AHAF DIRAEBMANAE ITANY AP E 444
2 & 3e HES AR o 1AIS 4AA LPMY RAH
#2 A3tk

284 ¥ AT @ 49 A4l o 1Al RE Q
el FESHE 18R Zé’f.'?r FEA 428 54 34
& 21 29 73 2 2YAAE TAAAUT,

358 242 A4 94 TERAY B 4 AN A
& 1AlY) WFE AN T, B/REHE o8 YAD
$E2 SRS FATIAN zEde) Ahke HYH

FHEAY MNE FFHE EAMNE & X-Y FRHz
zAsed 2 A%e 39 83 RohAY 33 -
743(kgfD

laumgacma

ﬂQEIEUAQEi

4

a8 7 HEY 5HER
Fig. 7 Experiment of static thrust force



[~
4
v -
95
&
74
2
239
Ei
17
2 ]
-
0.0ITI[IT[‘T\TI.IIIIY—ll’jI—ll
alg 0% 07 0WI0ILY 1Z 15 LIS

Displacement {mm]

a% 8 &FE ¥FY Y

Fig. 8 Measured static thrust force curve

oY 423 P2 FMee 2y edlMet e 9
o) dge] Ao vettA etk ole 19 69 WYL A
Haol Yo P2 3 FE nlAE Y& 18
azb Aol Grapdg wiAEn T AbHE 7R
o] Y&ty PR ey A FFEAEHDAE M
Aol o] whe o FAAM I} Az T o AH &
Yol o3 ez AFdt

stxlgt 29 60lA VERG WE L wheA] HE2H 54
WEH22 FFA ojaigk =WFol dojuh= WHAHAM
FAgol} 290HE A HE oY g2} S AL
g Fojzie) A mejE ook st A4 olrh

4. 7|1}ty 29 &Y

41 7|1x2] 29E AT

24 83 stolral=d LPME oM 3 19 6 8%
Ze BEY BAd slzslA 1 T5EA ZAdH 3
Ak FEAE F7AAe T2 WIE Ao FTF
of QA= xHe] WaASE AT dF 7|12
I AxpAFe| olg sxHe] AP HYE= wWe oY
o kA olel e vapH e el A FHyE A
8 sjAte o] "asich

2 9% 2% la9 LPM 7H5AE A Ee 9,
7t Z=e] X g BA® 2ol o] ZYo2REH 7 A
o] A E TP seoinjdx g (P1E 2O} o] 7t
g 5 Yk £2¢ A A59 F7AY 7iAY AxAAd
7iztgel ¥4 ¥g mesinal 43107 22 7iAY E3

8 7|4 (unbalanced mm.f coefficient) ¢ & = 3t}

rear

front

a3 9 X3 uixlE
Fig. 9 Pole placement

Bluo] BA REjolM x| Hatn JIxte FHEEHo] ¥EH SYol olxs FE

Trans. KIEE. Vol. 49B, No. 3, MAR. 2000

Py Py P3 Pg
[P]= 9
Py, Pp Py P53
U
—- D
o= U, (10)
‘a-y
0<o<1, for UpU, (7R £3Y)

o=1, for U;=U, (71#3¥ #Y)
Ko, for UKU, (718 £93)

42 8 dolojelx MY

ol A 71T A9 dA sHolulAdxrt FFA &
gt o] ot} T wet FET HojmAdxe 2
£317 e FHondart ooz ol 13yl SiEA
AQDH 2ol TEFLA wE oo =43 ¢ (3]
ol g3t AA FEA AVH2E FAsE Fojnd
AEToE F& Hould2 Y Ped YEE 5 glth

> e rir

P.= j [Pl - [SI} (11)

>
noda:‘!l-odndfhodal,:

ﬁL ; 'S T : <

mode 1! mode 2 ! mode 3| mode 4| mode 1!

a8 10 Blo| &2 14 O X[A|o] O{ XM F Tt
Fig. 10 current waveform when one-phase excited

29 102 A™F 1Y 9% FFA A A BEY HF
ia, ib& EAST Aok o]F B, TEAAE 4719 =9
A REZ EAEZ A(12)% #L 293 gE M o 7]
A8 ERY AT o0& LPANA Uehd=2N 1Y GAA
Zt 39 712y EREe e fE FHovdx EEXE
vetd 9l

M =[M, ; i,>0] , Mode 1

=[M, ; i,>0] , Mode 2

(12)
=[M; ; i,<0] , Mode 3
=[M; ; i,<0] , Mode 4



BRRWINIE 498% 3t 2000%F 38

A7]AM, 0<o<l ? B

l1-¢ 0 ¢ 0 0 1I-0 0 o
| e |
6 0 1-0 0 0 o 0 1-a
c 0 1—-0¢ O 0 ¢ 0 1—-¢
| | |
l1-¢ 0 o 0 0 1-0 0 o

webd golA HEE A BPY ASs 294 93
& HADe) AUste) e FE HolrlA2 Y Ped 4
@ HUsE 7 BYPe neAw 2 BAA 13)
& 9 + Ut

Ly . ﬂ’g)
Lyz. 2 (dx (13)

_n

F—2(1+
21(13)8} HFE @AM 7IAE FHA(o=1) HH
3285 /Y 2YFANo+DASA A ¥ & 29
Zz JeiE 2g 119 2o

“r-‘

B

2.28

2
1.75

U >,
1.5
1.25
0.6 0.8 10 1.2 4 0

0.75 u<u,

a2y 117X SEEHA wE o ¥EY
Fig. 11 Static thrust force vs. m.m.f unbalanced

ag 1194 g F %o, A& Fo, ARHFY 7)AY
ol M el 71AEe 16747 Hol EHEEGHE 73
g EdY AL 410 A8 o= 06 o] Hu, Hoy L
AEge A28 HPA R 1758 F74eA b sxgt
ol e AMuwrgke] FHx 7Y B Al LAFE I
gl 89 d+AHQ Fol L75HIHE AolA HA AP
Fdo] Z7tHE AL oY),

% 1leiMsel ol 72 ERy AT 24 FEHA)
olol = AP AU /A ole} vl MY BAE ZE
upeba, LPM9] 33 Mojrldie ol 3t wHddHe #AE
18] Ao E FAsAk FAF FHA N N5
Ao},

136

AN E 24 82 3o
Mol Bxol M

) 1222y LPMe) 339 5
2 %
Yol g% JFe At
g

A

& DAL AcdE oo
A GTFANE WAL 7]
o YHY ATE /MYS YDA YA FEY
Aol uehb] AT FHSAC] WESONE HEA
of EAFE Wk
293 GFANE TP SHo)nY=yYel BANTE
BTN 71AE} AN T A Aol s) BHYo| Y
o MNE GPe FEHLA 71AY 29Y A¥oE =9
stel 1 G¥e BAsSAD 1 A%, A 29Y 0
Ho 2ol @A NHYHA BAE 2A H2 AR
BEH(o=DTRANE AS 4¥Ho] BAZ 2
A% BAT + 9AT IYF HNABE Yo2 LPM
UHE FHAE AT Ao}y TAN FEY AR
9 & 9¢ el
E¥ GoB JFANY FHY A4S
Yol B 2k B4 A4 Baso,

MHr Ak 2L O o

o o rr 1% rn

nele 7Y

e d

11 #dF, ol&%, “HBUJH22H(LPM)Y 554"
tfshA 71 ek 3 = F A 4298 6%, pp.1-8, 1993

(2] ol&€, HYF, 24 833 HBY 2 olEARE
(LPM)S] &322 AEAHY", P78 =74
4249 9%, pp 9-18, 1993

[3] o] 2%, Ad%F, HAY, "B&52 YA G22H(LPM)
o 712 dA A7 AL, A7 =EA
447 63, pp.743-749, 1995

[4] RYF, “BREEK) Fis g slo)rgs
gyo] P2 BE Y FHEMYT, AL =7, 9,
1995

(5] el&3, “glyel B2 RE FEEA 4 ¢ vle]z
2 2¢ A", MAEd=E, Sdd, 1998

(6] 49, “Bzr4y LPMS A A A g A7,
urA} 89} =, 1999

{71 H. D. Chai, “A Simple Model for Representing Satu-
-ration Effect in Step Motors”, Incremental Motion
Control Systems and Devices, 1970

[8] A. L. Jones, “Permeance Model and Reluctance Force
between Toothed Structures”, Incremental Motion
Control Systems and Devices, 1976

9] B. C. Kuo, "Effect of Tooth Shapes on the Position
Accuracy of Step Motors”, Incremental Motion
Control Systems and Devices, 1983

[10] B. C. Kuo, Y. J. Chen, "Permeance Model of Low
~-Resolution Variable-Reluctance Step Motors”,
Incremental Motion Control Systems and Devices,
1983

[11] “ManNet 5 User Guide”, Infolytica Corporation,
pp.2-14~18, 1996



Trans. KIEE. Voi. 498, No. 3, MAR. 2000

oL & F (X & A)

19733 79 3144, 1996 Fdd] Fd
A7 FEH £ 19983 T HEd A7)
Tera £QAAN. 19983 ~8A F &
A AL A,

Tel : 042-823-6426

E-mail : dave@eti2l.com

o 2 8 (X B 1)

19443 89 1494 1971 49 3d
A71gga £4. 19833 T Ed A7)
83 FA(F). 19823 ~83d. 85~
8611 vttt McGill Wig SF a4 198
T~dA F ¥3] el 19959 ¢y
HPAALA 49 Ary|71ds A da 3 83 73
F Y g MrEss ag

Tel : 042-823-6426

E-mail @ ewlee@hanbat.chungnam.ac.kr

2ivol BA 2EjollA x| #atal J|XH gHEo| FEH Ko olxs FY

Z Y s(& & #E

195413 949 10d A, 19813 wAd A7)
T EQ(EFAL), 19833 T distd A7)
T EJ(HAh). 19993 2l iy
M71EeE 43 A4 JdITFdE
AAAZD W

Tel : 0417-550-0285

E-mail : shkim@dragon.cntc.ac.kr

443 (2 mE

19733 49 994 19993 Fd ol I A
7128 FH. @A ¢ dEd d)FE
3 AL

Tel @ 042-823-6426

E-mail : bigaoda@hanmail.net

137



