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Squeeze film levitation (SFL) is a technology that makes an object float by vibrating one side of two opposing 

surfaces so that the pressure of the fluid in the gap between the two surfaces becomes higher than the ambient 

pressure. In SFL, fluids such as air, water and oil are used, but these fluids cannot be used in a vacuum 

environment. Therefore, we tried to realize SFL in a vacuum environment using a low vapor pressure fluid. In 

the experiment, a diffusion pump oil was used for SFL and we confirmed the non-contact levitation of the object 

by SFL.  
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1. Introduction 

Recently, squeeze film levitation (SFL) has been 

attracted considerable attention as a non-contact holding 

technologies[1]. In SFL, fluids such as air, water and oil 

are used, but these fluids cannot be used in a vacuum 

environment. Therefore, in this study, we tried to realize 

SFL in a vacuum environment using a fluid with low 

vapor pressure. There are various fluids with low vapor 

pressure, such as ionic liquids, multi-alkylated 

cyclopentane; MAC and oils for vacuum pumps. In this 

study, we have performed SFL in the vacuum 

environment using a diffusion pump oil and we have 

confirmed the non-contact levitation of an object by SFL. 

2. Methods 

SFL is a technology that makes an object float by 

vibrating one side of two opposing surfaces so that the 

pressure of the fluid in the gap between the two surfaces 

becomes higher than the ambient pressure. SFL is used to 

levitate various objects in a non-contact manner in an 

atmospheric environment, but in this study, we 

performed SFL in a vacuum environment using a fluid 

with low vapor pressure. In this study, the diffusion pump 

oil (kinematic viscosity at 40°C: 37 mm2/s, ultimate 

pressure: 6.7×10-7 Pa) was used. The schematics of the 

experimental apparatus is shown in the Fig.1. As shown 

in this figure, the piezoelectric element, vibration plate, 

etc. are installed in the vacuum chamber, and the 

diffusion pump oil is applied between the floating 

object(Aluminum alloy disk, φ 12mm×3mm, 0.964g ) 

and the vibration plate. The lid of the vacuum chamber is 

made of glass, and the amount of levitation height of the 

floating object when the piezoelectric element is vibrated 

can be measured from the outside by a laser displacement 

sensor (Keyence corp., LK-G5000 series, LK-H052K). 

3. Results and discussions 

Figure 2 shows the measurement results of the vibration 

amplitude of the vibration plate. The vibration frequency 

f is 5 kHz, and the amplitude a is 1.8μm. Figure 3 shows 

the levitation height of the floating object after the 

vibration is started at t = 600 s in the vacuum chamber 

(pabs=3kPa). As shown in this figure, the levitation height 

after the start of vibration increases with time, and 

reaches levitation height of 15 µm in about 2500 s. It is 

considered that this is because the diffusion pump oil 

used this time has a relatively high viscosity, so it took 

time to increase the pressure of the fluid between the 

floating object and the vibrating plate due to the squeeze 

effect. By using a low-viscosity fluid, it is considered that 

the time until the floating height reaches a constant value 

becomes shorter. From the above experiments, it was 

confirmed that non-contact levitation can be realized in a 

vacuum environment by SFL. In the future, we plan to try 

non-contact levitation by SFL in a high vacuum 

environment. 
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Figure 3: Levitation height of the floating object by SFL 

in vacuum environment. 
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