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Harmonic Analysis of Thrust Force depended
on 2 Phase 8 Pole HB Type LPM Drive Method
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Abstract

In this paper, we calculate the thrust force
by the permeance method. we analyze the
thrust. force vs. displacement and harmonic
components of static thrust characteristics of
LPM. Microstep
cancelation of

reference current for
the dominent harmonic
component is obtained by the analytical

method.
1.4 &

2=z HE§E 24 838 LPME nlela
2aeg FEIA ¢ W FFY FA
Aol BAlZt S A, YnkHez
LPMS] 338 EAds nzxv 4ol X¢s
o] 39 RE9 AANAEY F38 EAo 4
2 z A Eq_.lllﬂl.m.w

B =RdiMe LPMe 1= A4 E 9
gt} YFARAF(UAAA) R slojaB2Y
FEHHez FFIA IRy ol9le ;zw}
AES X349 A5Y B4 dedh o A3
3 EAE FFT2 q43ld F5ge) Aujzal
4 njAe 2y Y-S $4sln nzg
AEE AAH7 A% PR A7 F,
nzy ¥z e Arlola d4e FEE
HAHEE AAAFE G oA 3FlY
dojA AAAFE vrlolAZAYY FFAlY F
g iz AEE AAN 48 HAH o
ARF 71EAR2 AH-E 4 Y w2, LPM
o 5 =9 + Uk

2. LPM9] @3¢

LPMe] 3%-& mlojnjAdAy g o]83tog
gk &, LPMe] & Ao g 339 dof
ojdx § Adstm, a2 ghd ol i 39
o] dojAr}

3y 1& BFAY Hojnda g A4Elr]
9% »nd-g Jehyn o ad: El1e
LPMel F8 4§ Jehyn Ak

T < Z03 = = = )
WM MO O H O S H
Tetesettasdatedessssesedessteastocsenasanisat
I H SRR AR RRRRRER R
1 tal. Snn -
322 Om—i
$° 2. Onn
~y
@=0. Inn
T
/)
&
ity
v

29 1. LPM9] sjojnds 2

E 1. LPMe] A%

A = 't | 1.5mm
v 3 ts | 20mm
339 Aol :g | 0.lmm
A9 AN BT : g 0%

0' = (90-0)%, t' = t-s - tanB

- 228 -



Holujdze] @ 4 (Dol !

big]
O{ 5.833
P #ofdA [H] (D Ol 4667
o]
dA = A& kB A (m) ~ a8
I = A4FES Zolm] of
po = B719) EA8(4x X107 [H/m)) 2333
0] 167
A7k x=00~'d ®, Pi~Psol tigE W B L |
onjAAE T3l 4] (2)9F B}, 0 0.257 0.515 0.2
E"‘i-?-![mm]
Py = LX) (b) sfoimelze) ol gk
g 2y 2. HolmAayo) 9§ Az
P, =% (L xt1 -
L) 3. 239y
p =ﬂ'ln( 20s+ 2(g—~&x)cos b )
3 20 48 xcos 0+2(g — & x)cos O ) ) )
b ot P26 +cos ) MY-F5Y EHL 2] A8 AU
«{ T 6’s+2(s+g)c050—20'xcoso £ 3434 YA LPME AAAEE o
L‘ Jort—x A3 slolaz slEelN YFAANVS LPM
P; = st @ 8 7HEAE AFAAh I WY R

load cell®] indicator2 %8 gohie ¥Wyoz
BahA, Hololdane @ w4gse 4 TIHAT

(3):‘4‘ Eq’. polenhomeler
- Inad\:e" ] pu%’ "M" "°"{Y encoder
F(o) = ko0& &) /Sy =
a9 2& EEsd sondas o oig H —
& vehd ol igi=it G trane
1 =
o~ ] | i [Potentiomeler < Amp}—to x
= er Y-Y Recorder
2 - [ Load cellndala—t ¥
N 4
fj{ 19 3. LPMe] A&e 2473
T+ —
of ot T EE!
A ! 1
0 0.257 . 0.515 0.772 ‘Q%a%i o:]Z]'/‘la%uﬂ' 1)& 012}-([°=0.5A)
d ¥ mm] g slolazay AR Ue15A) 2 A
(a) ojnjdx 28 BA-L a9 49 Jehyolc

- 229 -



-4 ! i 1 I |
0 0583 1167 175 2333 2917 35

H Amm]
(a) 14 ofz}A]

1%‘01'
0 0583 L167 175 2333 2917 3.5
H imm)

(b) plolAR AR ofapA
34 4. 339 54

aY 4= AFY BAAA 2182 o]9dq A
2nzs, A 3nzs, Al 4azxysl ¥gEo
Ae Re BoFam Qo

A3 nzu7l FiEo A RN 4x
AAEg doljzaw, g2 9 90 ¥ 4
Atk

5. 359 B4 szst #y

339 §A4d 2¥8 nzxs 399 arg

3 T T T T T
;‘:' 25 H ~
o 2 =
[=]
= 1.5 -
X H -
& 0.5
[kafl * ﬂﬂ
olllit Ihem oy g 2 )
[} 2 4 6 8 10 12 14 16
nxw Xp
(a) 14} o &}A]
T T T T T T
..T'. 6 1 pu
x
o [ ]
9] 4 -
3— -
|
Z M 7
kafl ' 7
PO | PO P T A

0 2 4 6 8 10 12
axm X}
(b) vlolA 2 AR &fz}A],
a9 5 A3 FFTHA A

14

|

3171 Y8l FFTEIA-E @)

a9 59 ¥ 62 14 oz}, el olela
22Q oxtAe) F3He FFTHNZAINS} 3
g 54E e,

a9 59 FFTaH A AN 7lstst 2t 1
zute] AZE 4€ + A% wakAd, HEY
THE g2 gL 4oz FAEY 4 Qo

F(x) =k’;sin (%_75 x) +k’,sin (A:Tr_ x)

+K'ysin (5% x) +K’;sin (87” x) (4)

o714,

- 230 -

-4
0 058 1.167

1.7 2333 2917 3.8
— A FERY M Y mm)
— H2xzy
— A 32zxy
e A 4RI}

(a) 14 4=A]

k’l = klIO " k'z = kzIo

Ks=klp , kK =kl



B ! l ! L 1
70 0.583 1.167 175 2333 2917 3.5
— ¥AHE YA 3o
7]{.{:‘1}_ l ra -rl[mm]
— A21zxy
A 3ZE5}
- A4z

(b) violZ R 2% &z}A]
1Y 6 7185 R nzste) STy

uta], nlo]AZAH] —?‘E—AI Eie K
E AAs) A N1 AF%E AG)8 2

=5

I:.l

(%) =-1(x>sin(-—2;’! %)

‘ kilysin (-4—75 X)

o D(x)

kqlgsin (—r_ x)

— B

k41(,sm(-8—”x)
T Dx)

sm(-— x) (5)

o714,
— o om - A
D(x) -—{k‘sm( . x) +kysin( . x)
+k3sin(-%_lx)+lqsin(‘8?EX)}
o},
6. 34 &
dFedMe HolndAayd o Hiy
< 7 A2 AEHAM FFT 2s)
Mg sle] nzg AERS dojy u}
22TGE AqxAFed FHAE wges
Z9E AAeRZN LPMY YxAYEE
A £ e e HESAY.

2
3
=

o }:1 o Rl Jjn

wetd LPM A58 544N A3y nzs
Aol X5l Qlolx, O 5y BN 7
T gk Ao AZAAF] AdF DA Ro)
AAE & A 2 F3}, dojA ARy BN
& nzast AAE PEgtes dd,

AaER

[1} Daiki Ebihara Syuji Moriya, Morimasa
Kajioka Kazusi Yamaguchi., “The Drive of
the Linear Pulse Motor by the Microstep
Driver”, LD-90-24.

(2] Daiki Ebihara Syuji Moriya, Morimasa

“Study of
High Positioning Accuracy for Cylindrical
Linear Pulse Motor”, Trans. on JIEE,
Vol.111-D, No.10, pp.887-892, 1991,

(3] Daiki
Dohmeki.,
Two-Phase

Kajioka Kazusi Yamaguchi,,

Ebthara Syuji Moriya, Hideo

“The Chracteristics of

Eight-Pole
Motor by using Micro-Step Drive”, Trans.
on [EEE, Vol. MAG-23, No.5, 1987. 9.

(4] Daiki Ebihara Syuji Moriya, Fumihiko
Satoh, “Analysis for the Characteristic of
Two-Phase Eight-Pole Type Linear Pulse
Motor", Trans. on JEE, Vol.108-D, No.l,
pp. 77-82, 1988.

(5] IL.J Kim and EW. Lee, “The
Performance Characteristics of HB type
Linear Pulse Motor(LPM)”, Trans. on
KIEE, Vol.42, No.6, pp.1-6, June 1993.

{61 L] Kim and EW. Lee, “The
Characteristics of Single~Side LPM using
FEM and Measurement
ISEM-SEQUL, 1994. 6.

[71 SH Kim and EW Lee, “A Study on
the Microstep Control of HB Type Linear
Pulse Motor”, ICEE95-TAEJON,
pp.568-571, 1995.

Linear Pulse

System”,

- 231 -



