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Vibration Analysis of Hydrostatic Gas Bearing Spindle
Considering the Elastic Deformation of Rotor

Hiroshi YAMAMOTO, Kyosuke ONO,
Changzhi CUI and Masahiro TSUZUKI

In this study, we present the vibration analysis procedure of a hydrostatic gas bearing spindle
considering the stiffness and damping of a gas film and the effect of elastic deformation of the
components of a rotor. An equation of motion for the elastic vibration of the rotor is formulated
using the finite element method and then combined with the rigid-body equation of motion of the
housing and the gas film stiffness and damping calculated from the frequency domain analysis of the
perturbed Reynolds equation. Since the gas film stiffness and damping are functions of frequency and
mode shape, the natural frequency and the damping ratio of each vibration mode are calculated
iteratively until both the eigenvalue analysis and gas film analysis are satisfied. The calculated
natural frequencies of the gas bearing spindle are found to be in good agreement with the experimen-
tal ones. The calculated damping ratios qualitatively agree with the experimental ones with
quantitative discrepancy of 309 for the same mode.
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(a) Radial mode (1214 Hz)

(b) Angular mode (1583 Hz)

(¢) Thrust mode (2751 Hz)

":?%§;:"

(d) 1st bending mode (4 980 Hz)

{e) 2nd bending mode (7333 Hz)

() 3rd bending mode (8 425 Hz)

Fig.3 Calculated mode shapes of gas bearing spindle

(psg=0.49 MPa)
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