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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. PI feedback control with a fiber optic displacement sensor

measuring a reference ball mounted on the rotor decreased repetitive axial runout from 0.261 µmp-p to 0.118

µmp-p. Non-repetitive axial runout was less than 0.06 µm (3 σ).
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Fig. 1 Principle of active air bearing based on air film 
generated by ultrasonic actuator



[4][8]

2 (a ) [12]

(b)

3

A2017)

46.5 k Hz

Wa = 1.5 µm Ra = 0.29 µm

2.0µmP-V

P hil t ec

DC 50kHz 4(a)

43.3kHz

1.91µm 1.22µm(

(b) 30 360

1.15 1.27µm

10

100 70 20

SKS31

30 BK- 7 5" /10

0.15µmP-V 70.0095

69.9999 9.6µm

SUJ - 2 1/2"

5 0.13µm

20kHz 50kHz

2

Fig. 2 Arrangement of directional convertor and rotor
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Fig. 3 Experimental setup of active air bearing using ultrasonic actuator

(a) Axial and Radial amplitude     (b) Amplitude lobing

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 
compensation
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Fig. 7 Non repetitive axial runout during rotation 
without compensation
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Fig. 8 Radial runout during rotation without 
compensation
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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. 11 0.2 µm step response using PI feedback control
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Fig. 12 100 nm, 50 nm and 40 nm step responses
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Fig. 13 Variation of axial runout with 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. 17 Axial runout with compensation
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Fig. 20 Non repetitive radial runout with 
compensation for axial runout
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Fig. 21 Response at disturbance under 1.2N axial load
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Fig. 18 Non repetitive axial runout with 
compensation
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Fig. 19 Radial runout with compensation


