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ABSTRACT

Linear motion (LM) guides having rolling elements have been used to position precision machines

accurately. For ultra-accurate positioning control of precision machines, the understanding of the
dynamic behavior of the LM guide at the macro and/or micro scales is most critical, but the

research on this subject is rare. The objective of the present research is to investigate the vibration
phenomena of the LM guide where balls are used as the rolling elements. Several experiments show

the nonlinear characteristics of the LM guide such as hysteresis behavior and force-dependent natural

frequencies phenomena,
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Table 1 Natural frequencies(Hz)

Mode No.| Axial excit, | 22 | Vertica excit,
excit.

1 0~74

2 158 153 149
3 422 416 422
4" 487 497 467
5t 1190
6" 1460 1450 1590

Magnitude
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Frequency (Hz)

(a)

Magnitude

. . \ .
0 500 1000 1500 2000 2500
Frequency (Hz)

(b)

Magnitude

\ . \ .
1] 500 1000 1500 2000 2500
Frequency (Hz)

(c)
Fig. 3 Frequency response curve at (a) axial
excitation, (b) lateral excitation and (c)
vertical excitation
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Fig.4 Mode shapes. (a) translational, (b) rolling, (c) vawing. (d) pitching, (e) bouncing
SNssEs =23

1032 /et= 2



TE S48 ASHE LM ZFIZe)A 9 vz Y AF AL

R — Q=) olEd Fzu AL} B HAYSS
2t 1 AgsA FREA 27 Yok AT, BE A7

1 So] Dahl®) Q7oA AAE mpEe] avel HEY
o wslelq Q= wmolaE AAY W I (micro-
1 dlip) 52 7H AwAQ delog H&xsy 9t
| Fig. 49 AZE Ho HAE S7A17]7] AsA =
AHAE Fo] ¥ *542}0& z7lsjoF ke Ag
& 4 gtk = P AR Fo] ALt npAE
% s 02 3o EAety 33
3

71—/30] o]&H 80 7;1] OE e

Force (N)

05+

s © L R £ %
' Displacement (mm) o] 74F05E Yehls <o ok Futami 5
(a) L o2 Syt 2zyy A 9 7yr|E B

o Aold] AL TA B
28 — - - E & 7K FEsclol & P oledt 3 aH A
il 2 F49 71877} e 7] wE W) 2
1 el wel 3A wEgE dolth IolA AuE
o | % ase AR99 27 4248 B o3us
% .o o] FA77t AEFE s|ZEHEAL 29 /&7t
5 .. A, slAHANNA TR F187E SrppAewE
A A7 F Qonz sHde] ALLEE SrpRAo)
AATGT A7HE & Uk ol ol 3doA &
WE ANEe A7)e) wel olgWe 7§ FHst
-?05,025 -0.02 -U.DI15 -0.131 -O.IJIDE II.I U.DIUS O.IEH UDI15 D.‘DQ 0025 H}l;ﬂb ?:]-?—]-‘9"‘% Z—]%{;}. }'{Q ] Z}-%—}F% %7}
Displacement (mm) Aol ANER THFULE Gy AQGR G
(b) T & =), o BAS 3HM BAY W4T U
Fig.5 Hystreresis curves for the force- 218kt
displacement relation for (a) 0.5 Hz and
(b) 1.0Hz et A i}
42 ZFa5o| o2 Ha

ol A4 BAHAe] BAE B A
A Fuggt vpo) e
ARIEL I 2342 Fig. 59 e

7R Farh 3~10HANE Hlsd $EE B
olu}, FAF T 38 Hzoll 7h7ho] A4E 82
MEFAde 712717 B Fole Ae & 5 3
o 2 BHolAE 71€717 022 A
T FAFAFE GolAE 71717 S22 Hol §
"o 1ol uiHE A Aw 2 4 glrk -

N
)
o,
lo
)
I
o Mo
e
oX,
"ol
b
N

i

Force (N)

. s . . s . AH =
402 005 o1 ©0 0 00% 001 0015 002 5.8 &
Displacement (mm)
Fig.6 Force-displacement relation at various 239 olFAAAA AEEHE FELALE AMEE
excitation frequencies LM 7lelme] AZEXNS Ay oz Awugtt &=



% H-AEG AN

o
do
Ho
ot
o
ale
0
2{_1‘
i
ke
ok
o

(1) Shimizu, S., Saito, E. and Uchida, H., 1998,
“Tribological Studies of Linear Motion Guide
Systems”, Tribology Transactions, Vol. 41(1), pp.
49~59,

(2) Canudas de Wit, C, Olsson, H., Astrém, K.
J. and Lischinsky, P., 1995, “A New Model for
Control  of with IEEE
Transactions on Automatic Control, Vol. 40(3), pp.
419~425.

(3) Dupont, P., Hayword, V., Armstrong, B.
and Altpeter, F., 2002, "Single State Elastoplastic

Systems Friciton,”

[s]
FRAE oI5

o 4 ¢
Friction Model,” IEEE Transactions on Automatic
Control, Vol. 47(5), pp. 787~792.

(4) Tsurata, K., Murakami, T.. Futami, S. and
Summimoto, T. 2000, "Genetic Algorithm (GA)
Based Modeling of Non-linear Behavior of Friction
of A Rolling Ball Guideway”, IEEE AMC2000-
Nagoya, pp. 181~186.

(5) £5F, 2004, Terfenol-D 5718 F3
2 & HAE =T, ASHEa AT,

(6) Ohta, H., and Hayashi, E., 2000, “Vibration
of Linear Guideway Type Recirculating Linear Ball

] E‘.}\é

Bearings,” Journal of Sound and Vibration, Vol.
235(5), pp. 847~861.

(7) AAA, F8E, o1&4, AFY, o537, o4
4, 2004, "8 o]y & o] &3t Linear Motion Guide
o] 54 EAd #d A1 A LSAEFFTES F
At 3=F4, pp. 326~331.

(8) Dahl, P., 1968, “A Solid Friction Model,"
Aerospace Corp., El Segundo, CA, Tech. Rep.
TOR-0158(3107-18)-1.

(9) Jhonson, K. L., 1985, Contact Mechanics,
Cambridge University Press, Cambridge, UK.

(10) Futami, S., Furutani, A., and Yoshida, S.,
1990,
dynamics.” Nanotechnology, Vol. 1, pp. 31~37.

A

“Nanometer Positioning and Its Micro-

1034 /3= 282 E35s=28/A 149 A 10 5, 20049



