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This paper reports the results of a numerical analysis of an aerostatic spindle. A study on the
selection method of thermal analysis model for aerostatic bearings used in aerostatic spindles was
conducted. Also, a new numerical model for the design of aerostatic spindles was proposed to improve
the machining accuracy of aerostatic spindles.

A new dimensionless number was proposed to describe the characteristics of aerostatic bearings.
A dimensionless number that evaluates the complexity of the flow in an aerostatic bearing was
derived, and a range was defined within which the shear heating value can be calculated from one-—
dimensional equations with low computational cost. We formulated a one—dimensional energy equation
for compressed air in an aerostatic bearing and derived an analytical solution for calculating the
amount of shear heating in an aerostatic bearing. A three—dimensional CFD solver was developed using
an open-source fluid analysis software called OpenFOAM for comparison with the analytical solution
for the shear heating value. The developed three—dimensional CFD solver was used to calculate the
shear heating value considering complex flows. As a result of the study, a range of dimensionless
numbers was identified in which the shear heating values calculated from the one-dimensional equation
were in close agreement with the results from the three—-dimensional CFD solver.

We are currently developing an aerostatic spindle that incorporates a new control mechanism to
improve machining accuracy. A numerical model of the aerostatic spindle with the proposed control
mechanism has been developed. The stiffness and damping coefficients of the aerostatic bearing were
calculated using the compressible Reynolds equation and the perturbation method. The calculated
stiffness and damping coefficients were validated by comparison with experimental data. The
aerostatic spindle was analyzed as a spring-mass—damper system, and the spindle motion under
machining load was calculated. The calculation results show that the proposed control mechanism can
adequately suppress disturbances applied to the spindle. The changes in the response of the
aerostatic spindle to operating conditions, such as rotation speed, were also investigated, and it
was found that the optimum gain of the control mechanism changed depending on the operating
conditions.
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