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Design of Measurement System and Thrust Force Analysis Method
for HB-Type Linear Pulse Motor

'D.K. Bae, 'KH. Kim, and “H.S. Park
Dept. of Elec. Eng. and RRC/HECS, Chonnam National Univ., “"Nexstar Technology Co.

ABSTRACT

The linear motor available for linear transition
motion, because of its advantages, the motor design
and its application have gradually increased, but the
quantitative measurement system of thrust force has not
been generalized. So, this paper proposes the modeling,
computation method, and measurement system of linear
thrust force in HB-type linear pulse motor. As the
computation method of thrust force in linear motor is
presented and the measurement system is designed, and
manufactured, it would be verified that reliability of
measurement  method and measurement  system,
considering on and comparing the results of
mathematical modeling with measured values of static
thrust force and dynamic one.
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Fig. 1 Structure of HB Linear Pulse Motor

g 29 ol FHE EARE AR A9,
ZHog 90° 25
ojg=z gown 7hEaet IARE FY 55ke/cnt
FA8ted LM7tol= tale

, BE&-4zoz

o2 20ime
dojuleolsy Fx2 A A 3

e MY 293
batel, 71529 nAAe] 33 #HAnd

eR O >

o] WAt} MYPog ol FsA T
9 90" e e 28 WFE Ae
olFstEd 7)ol o FAA o
AE dAF 23 "AA

geh g4l ey 8oz o5e

oX,

e Aol AEHT
8 F A& 12 AEE AAstE AF
7F HBE O tisiM z47] 271 E3s7)
718 Z A oA EFEe e 237}
o AdZdgAME dus 2 2x2 YehiA

e B 20
J8 Mg 2 N e T

Aok webd ket wele] Wi $3e %
= A7) B2 @Al wske A8 ALY Bas
e, AFANT Az Ae] o3 AAHE B
E Fo] wEE Fu Adsol Bk

MY W wEe) Fee ASast A A
el 9o Hulds gt Mate ol
RIE A7) AHM T

_\

1o
8

2 40
sl
E_‘iw
o &
%2
>
ol lm}.z
a4 L)
g—hkﬂﬁi
= o
Og_{ﬂ’?—«v_“rlm
EEEMEOEOH
° Jet
32
nl
i
N
24
N
Jou
i
1o
:oé
2

ki3
7
&2 (BlE Tate %H
(e}
AA
A

©
A
)
; re
.1>'
ot om
wo o T g rlo
5 rshrigg

o I U
B
g o

43
¥
JB
2
£

Aeop Zol AR&UT o] AAT FaiA
FHEs 7 F71

F3 EAMS BMEE W ogrs Lorentz &
AAH, 27|k d 2R, Maxwell 28 &
Ao, Beol 124 HAo wet FaHo] 9l
A, A didel ZIAd 848 ngste] siedn
< H&stn

BE7L ded FRoly, AMa mYalels F
FASUYEr #dsvtn g FS o
Lorentz 8 A& o] &3 4 Jr}

) 2= Y Ay
A& E BWbISl A7 del AR Al 52
o] lmle] =47 ek o] £ Hgaht
zeel aewAe o8 4 (D7 go] A
g % o,

> ook rir
Ol rlo

i

f=mn-z-B-1-1 (1)
A7NA, ne ZdduUe IIVF, 2= A
W By ASUE (L mdfade], [& 2YF
o] A Fol o},

2319 Aol e ARAFA e AEAp @
Aste AAS Wgol x, v PR UYHoHe
@, o] A os) nHYxe] BAFE FARE 2
dreoldd A&UE Boh HFUE Jrbolo] @

28 %= 3 (Lorentz Force):

F=7xB= ~],B, i+ ].B,; (2)
2 BAsE 2oy F B EHd £Fo] 9
= HYY txel 5 sfae] Fz 2
FEHE Fd AAA AHMs7] AAME HAA
e ALYro wWahel mYd z2E AFA
st QEEe A4YEE nAste HYIGL 0

ni
S
LA HAA ol FaE Maxwell $E 9ol 3l

K
=
=]

- 142 -



ooHe A@e fUesye ol8w naAHE
o geo) goz Fadg A Hog
F= [ JxBd :';l[ dwTde% TdS  (3)

q71A, J& AFEE, TE Maxwell S8 (2713

[2] AH7] 4= nkell v A

‘dEE ArlddAe AgE ZArldvAe 42
SHE s oA &3 2u'e duA] 2EY
of 2738t sMste WHeR d2 AvE AFY
I obd aen H3Ed, sadygraeE, 9F
& 52 dUAREAY WHoez /MY, OS5 2
d 33 o] HuAE e A xo 2 FAE
A71NqA] We, A7bd R I 89 xo 52 7
e AZlerbol i A Wert A o

O

_ aw,. _ dW,
dx Idx (4)
(%, W= [ Adl; A7%meldA)
! 1
WCA=f0/1a’I———~2— NAaI.(0,— 05 (5)

1
Wes= [ AdI=" N5 Io( 0,— 0,)

A71A, A A
Nao I, Nplp: 337128 [N/Alelc),

2 B5)ez RE AY, BYY FE& Al gt
AvjE o Fefz A7k oo ®iglojmz
=3 o] A F Ao
FA— ddW;CA = Kf‘z'Asin—2[I'x . 6)
Fg= dZCB = K/chos-%lx

A (Bl SEA dA FEAL 4 (I Zol

vERE 5 9l
Fe(iA_ l'B" X)= FA+ FB (7)

Al E HTALET AN G5 W10
oW, A7l quAE MFs wWele P
Walpolmz, Melel he Fdg Axstr) 9l
AU E o) &8 A%, HEA] HRol
A718 29 Hujdzgte] HAFHOR WHY,
A HEAEE AHHER AL WHEL
B3R £ YES AAUFE AHAAL st of
dgol Atk aeU 7S UxE ol ey
AFE AR RANNE 982 A7 Sk
YA E o] g8 sAgol 2 olgHm vk

Flux

Current 1

Fig. 3 Curve of Magnetic Co-Energy

[ Back Plate

gan [N|S|  eaw EtaN 85N ElaN
P || p pr (9] e py |(X)| P2 2O

Fig. 4 Analysis model of Mover

Back Plate

Fig. 5 Magnetic equivalent circuit of LPM

a2y 49 HMRd2RE gRAMoznY B
W, A%, Bl 45 AvHY Gs 2AY 4
NI, FAFE nHsE 1Y 58 EUYE AN, B
de sA R 4 @~OAF 4 =9 7]
28 el oz HHEY & Utk

Fir=-F: Fi'=-F\ p_n @
(F1="F1’I F3=“‘F3’ A ’ ®)

Fy=—-F; 1 Fy'=—F, Fs=N 9
(F2=“F2/Z F4=“‘F4, g ! ()

o2 Ay + Aok

dw
Vi=Riipt —5 i ¥y= Zhyijk=1,,m
H
1 [1 dL
i= 9 | $ 320,478 - ZF- 2R
_ ———- (10)
A7), me A5, M THNER, 2Fe 28
4, 2Fr ¥aFgoln
BAAREe ARG JTAY AL Fom
aorg 4 gtk weld z g BAHE 2H 3



22 Magnetic Coenergy®l 7}exte] ¥ 4o up2
AMe £ rjHEgoz HEH AHFEIAE &

oz FA4L 498 ¥ & U

F(aAza) e (12)
1 2 aR, 1 2 aR['

= _.g = ¢l ax - 5 = ¢t ax

1 ﬁ; ¢’ 9P 1 ¢/t AP/

248 p? oax tT & Pt ox

1 2aN, ¢’ 9P 1 2zN, ;% apP/

T2 A TpI 072 ¢ A TpT 490

N,: 7bga AAd 25 a2 2 A

[3] 384 ALY

2 dAFAME FAHA FHaxINY S o] &
i, Ansoft(A}) 2] Maxwell EMpulse Tools& ©]
8to] 2DZ Designdte] AEAgd sdstes 2E]
ol dis) Ay FES AFHolMEgnt. 4H 8
Motk 9 4709 gl o] 12 wigstete] AA
FE#TS 4% gAevHYy #s Y539 A2
o AAsHRAT}

O:
oﬁ i3
4 &
a8
=]

7 ong

L &2 ri0 oft ofn 4

Y
ol
v
¥
°

BH AMzIAME B §3E

FE2 ARo %
8 24328 T $707 28 4 we
7] WEe), ol FYYL F2 ol§3n e #
otk 1Y 62 LAAE JFo2 FYHoR 7t

Fakol xo) stala W, /B 2HY we
23 B4g FUgoR Asu, BolAZ/|S

i)

—X

m |»F
k .
Q_0O

S //’/4//’"/////; (Al

Fig. 6 Measurement model of
Thrust Force
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