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Abstract: Due to the existence of time-varying and uncertainty, the friction force of ordinary
pneumatic cylinders cannot be accurately obtained, so it is difficult to achieve high-precision force
servo control of cylinder. For this reason, based on the principle of hydrostatic gas lubrication
and combined with air bearing, a new type of double-acting air-floating frictionless pneumatic
cylinder with annular pressure relief grooves was constructed, which realizes the non-contact
between piston and inner wall of pneumatic cylinder. Through the independent air supply for the
air floating piston, the problem of friction between piston and cylinder barrel caused by the
insufficient bearing capacity of the air floating piston was solved, which often occurs when the
pressures of the two chambers vary in the reciprocating motion of the traditional air-floating
pneumatic cylinders. The influences of eccentricity, orifice diameter and film thickness on the

radial bearing capacity and air consumption of the air floating piston were analyzed by Fluent
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simulation, and the optimal orifice diameters of the air floating piston with various film
thicknesses were obtained. The influences of eccentricity and air supply pressure on this optimal
orifice diameter were further studied, and the rule of orifice diameter decreasing with eccentricity
and increasing with air supply pressure was found. The force analysis of the piston-rod assembly
under different working conditions was carried out, and the minimum air supply pressure under
no-load condition and the relationship between the maximum external load force and the air
supply pressure were obtained. The research results can provide reference for the selection of air-
floating piston parameters (such as outer diameter and orifice diameter) and the determination of
the air supply pressure, so as to achieve the goal of reducing the air consumption as much as
possible after meeting the requirements of radial bearing capacity under different working condi-
tions.

Keywords: hydrostatic gas lubrication; air-floating piston; frictionless pneumatic cylinder; radial

bearing capacity; air consumption
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Fig. 1 Structure diagram of air-floating frictionless

pneumatic cylinder
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Fig. 2 Simplified model of the flow path of the air-floating

piston
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Fig. 3 Air film pressure distribution under different

eccentricity
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Fig. 8 Radial bearing capacity versus orifice diameter

for different average air film thickness at 13 pm
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average air film thickness at 13 pm eccentricity
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orifice diameter under different supply pressures
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