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Active Air Bearing based on Ultrasonic Oscillation ( 5th report)
- Experimental Air bearing using Resonator with directional Converter -
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Abstract

This paper reports an active air bearing using air films generated by the ultrasonic oscillation. The bearing
employs a directional converter to generate air films on two surfaces. A film generated on the end of the
converter lifts the rotor in axial direction. Another on the side surface of the converter constrains the radial
motion of the rotor. Furthermore, amplitude variation of the oscillation varies the thickness of the film and
positions actively the rotor in axial direction. Pl feedback control with a fiber optic displacement sensor
measuring a reference ball mounted on the rotor decreased repetitive axial runout from 0.261 um,_ to 0.118
um_,. Non-repetitive axial runout was less than 0.06 um (3 o).
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Fig. 2 Arrangement of directional convertor and rotor

Exciting
direction
(a) Convertor (horn) and rotor

fl‘?bell' optic [ 12 bitA/D
BACEEATICRIT 5. RBEICIES (D] Crar converter
ROFEET D720, K(b)DXLD iz EEfvmm 1/2" Reference ball .: Photo-

— — Grade: 5 [~ ] interrupters
l:@$£{$@qzﬁfé, P:]%%EL:[E@E{ZF@FE] — [ o—] A — PC
T 2 H S E U, B B 7 %{%ﬂé’{éﬂ%ﬂ%{%@ N
ST £ R I IR MO BT & I tepr] Tt8per
TS ENARIcR S, T 5, FEME i, Digital
2 MR R0 2 S g 2 // ,
LB T % T EATAIREE 125 // - H Ring omerter

- 7

. ER KIS 3 0SC
EHREBOMEERSICRT. T3 | T
(A2017) B DO IR BN F A HAE (LA Rk — 4 Iﬁ mp'@_

) OTFERE &R MED T P2\
LEEEREET (REEF, LRBEK
46.5kHz ) TETHMICETRREEE
%, R— 2 OEEE P RIS OIRE) DT
WA BN TI 272, ™— 2O o
SAEAENELRINOY AR EL R A2 L
FET 728, BN T2 L. ILEO
HD S5 0IWa=15umfEE, H5X(IRa=029um
ETHoT. F-MARIE ORARZ TR R
EITHET 580, FRRICHEICE 0E BT~ T
DEMEE 2.0um, TH o7k, EE Lizk— > 2l
BT ChRL, A— BSEEOET MR B X O
DR S RIEZ T 71 INEME (Philtectt, A
BHEEDC ~50kHz) ICTHIE L=, RERLR)IC
T IR I E43.3kHZ O & EITH A AR B S MO RS
BARERD, FNENLIIumBIL UL 22un(CEEE) A
Sz, HOITERAFMOEEIEE30° Z&12360° 1T
FFo THIEL-RRETH S, RIFIZL.15~1.27u mD#i
THO, 10XEEDENNR SN,
EERRIE, SME G100, NEGTOPBINEE200 Y >
(MBESKS31) BEIUIFTTFT4 T Zv b~ G2
30, BK-7, YAATHE : 5" DAN, WEREHEE : A/10) ZHEEL
MBgENSRS. DJRANET y 7T 2L, EM
0.15um ft: Eif7z. U > ZN$R70.0095& 7 — > M
££69.999970 5, MFEM DT E FIFERTI6ums722

Bolt—clamp‘ed Langevin
transducer(43 kHz)
Base

v %
B3 BEBNELT Y N7 2T OREBEEE

Fig. 3 Experimental setup of active air bearing using ultrasonic actuator
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Fig. 4 Amplitude characteristics of horn
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Fig. 5 Experimental setup of active air bearing using
ultrasonic actuator
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Fig. 6 Axial runout during rotation without
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Fig. 7 Non repetitive axial runout during rotation
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Fig. 8 Radial runout during rotation without
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Fig. 9 Non repetitive radial runout during rotation
without compensation
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Fig. 10 Axial and radial stiffness without compensation
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Fig. 14 Variation of radial runout with compensation
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Fig. 15 Variation of radial runout with compensation
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Fig. 16 Axial and radial runout variation with
compensation in axial direction
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Fig. 18 Non repetitive axial runout with
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