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I[ Abstract lr

In this paper, the static and dynamic stiffness of the air bearing stage for micro-micro machine tool are examined experimentally.
For stiffness and precision concerns, air bearing stages are adapted for 3-axis micro-milling machine which is size of 200x200
mm’. The air bearings in the stage are preloaded by permanent magnets to achieve desired bearing clearance and stiffness
for vertical direction. As the stiffness of the air bearing is primary interests, static stiffness test were performed on XY
stage in Z direction and Z colunmn in Y direction. Dynamic test were performed on XY stage and Z column, respectively.
Both static and dynamic tests were performed in different air pressure conditions. The vertical stiffness of XY stage is
about 9 N/gm where Y stiffness of Z columm is much smaller as 1 N/ym because of the large moment generated by Y
force on the columm.

Key Words : Micro machine tool, Air bearing Stage, Magnetically preloaded air bearing, Stiffness, Natural frequency

I.ME A7 122 Micro manufacturing®) B3t @ AdL T

3] APt Qlt. 53, v|H FEQ 7|A7H-E 9gt

Z|ZIT, BT, NT, ST § 4l4t¢jo] 5431HA o]F 74 oto]3.2 FA7|AY el AP glon, A1z

3= Micro/Meso 3719} HA 7|ALEL FAst7] Yt o] 2 283 FHE AW AA FHEARz 714

o, 374 AY, ouA), $94, 7 9 EE3E =R 7 52 nE% 7hE7) LR SR Qs Aol

317] 93t 248 AR A p-Factory 7ol thst & ojn] YR 24 Mul I U BE 5F o| &%

Ao] mRE| R 9} olu] 1990yl o] ATLE A|R3E YE vpo|3 2YE 2] AARE s vl 9lon, olof W3R
o $4, ulF FolAE Yle7|&3 Macro 7148 oloE nto] A2 A7 A2 4437t AY Folct

+

FAZ, A27)AQ7E AFEFLY7AATLR

(cniz@kimm._re_kr)
F4: 305-343 AFHA FAF FE171
Mechanical Eng, Northwestern Univ, USA

- 468 -




EYS v FYGME Thrst 249 SEVIAL A
e 9lo, ulgf A o]t ntol3 2 7HFA|AE 7
€9 FRAE A3t BT E 247 Y WAl $9
A7} olFol W vt Ut

ofolaz F27|AS g oA, 713 He=E B

VA 2717F 2488 He 3¢ FREY FHe 28
ojlFAet £UEE AASE HoIFY Fdol Aoz
A =, o2 A% 7hg AP & WAF 754
o it et ojFA 9] T AL=E Hdzter] Hst
o F7MHlojEE Agete] S 71 ohEE i
& e Yol Fasitt

2 BN 371908 E o8 vojaz U ojdl
9 Hol £ FAH 34 R Ao FHE Foho] A7l
& ol 8% F7IHo1R e EAS AEST, 7HE] AYY

2. 37HI0f2}2 0123t Micro Milling Machine
2.1 Micro Machine Tool 7H2

2 A7 AT 35 vlo)22 U olAL Fig. 13}
on] Azts AAF| AL Fig. 29} 2tk 22t 3749
A F7lels ol4AVt AHREROD, 4% XY &
$ 2709 % Zo| A2H Yo XL AL, 24 Z %
o) AYL £ 9| #=o] LY=o Yok, 220} A

BAE 9iel 37) AdGE Hgayc

Z

m

fo 1o o of

/—m sEaREe2

O =—_

. )
a r—Te ses
7508
.

¥

Fig. 2. the 3-axis micro machine tool
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Fig. 3 1-axis air bearing stage with magnetic preload
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Fig. 4 Measured air bearing clearance
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Fig. 6 Force-displacement plot at 60 psi (down and up force)

Table 1. Vertical stiffness of XY table

Air Stiffness [N/ym)
pressure | Down force | Up force
60 psi 9.3 9.6
80 psi 8.1 9.4
95 psi 7.2 7.6
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Fig. 7 Set-up for measuring stiffness of Z column

Table 2 Y-stiffness of Z column

Air Stiffness [N/zm]
pressure | +Y direction | -Y direction
60 psi 1.35 0.57*
80 psi 1.23 0.48*
95 psi 1.15 0.44*
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Fig. 8. Impacting and measuring points
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Fig. 9. Frequency response of XY table due to vertical impact
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Table 3. Natural frequencies of XY table from vertical impact

Air First natural frequency {Hz}
pressure E=E @:Erx y%
(psi) Z motion | 6, motion | 8, motion
60 281 198 379
80 256 181 355
95 242 169 339

Table 4. Natural frequencies of XY table from horizontal impact

Natural frequencies from X impacts Natural frequencies from Y impacts

First naturat frequency (Hz| First natural frequency [Hz]

Air Air
pressure ¥ pressure
el T | (G| e & | 05

x motion 6, motion y motion 8, motion
60 198 110 60 386 112
80 183 119 80 365 122
95 169 126 95 350 . 127
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Table 5. Natural frequencies of Z column

Air pressure First natural frequency [Hz}
(psi) X directi o
irection Y direction
60 177 236
80 186 214
95 190 201
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Fig. 10Frequency response of Z column (Y direction)
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