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Vibration Analysis of Bearing-rotor System Based on Nonlinear Dynamic Characteristics
CHEN Dongju, HAN Jihong, GAO Xue, FAN Jinwei
(Beijing Key Lab. of Advanced Manufacturing Technol., Beijing Univ. of Technol., Beijing 100124, China)
Abstract: With the wide application of the aerostatic spindle in the ultra-precision machining process, the requirements for the kinematic preci-
sion of the spindle are increasing. It is necessary to predict and improve the precision of the spindle motion accurately. Based on the nonlinear dy-
namic characteristics of the aerostatic bearing, the vibration characteristics and prediction model of the aerostatic spindle were studied, and the in-

fluence of the nonlinear dynamic characteristic analysis on the spindle rotary precision was explored. Firstly, the dynamic flow model of the gas
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film of the aerostatic journal bearing was established, the nonlinear dynamic stiffness and damping coefficients were obtained by the perturbation
method. The gas film was used as the spring-damping system to build the bearing-rotor system, and the dynamic vibration model of bearing-rotor
system was established by dynamic analysis. Then nonlinear dynamic parameters were introduced into the vibration model, and the curve of the
radial runout error, the deflection error and the total error of radial vibration were obtained by solving the model with MATLAB. The frequency
domain analysis were conducted on the vibration signal. Finally, Rotation Error Measurement experimental of spindle was performed to inspect
the results of vibration error analysis. From the dynamic analysis of the aerostatic journal bearings, the dynamic stiffness and dynamic damping of
the bearing are all nonlinear, and the dynamic stiffness increases with the increase of eccentricity, and the dynamic damping decreases. From the
vibration analysis of the bearing-rotor system, the following conclusions can be obtained. 1) The nonlinear analysis has an obvious influence on
the deflection error, but the influence on the radial runout error is not obvious. It shows that the nonlinear analysis mainly affects the deflection er-
ror of the spindle and thus affects the total radial error. 2) The maximum amplitude of the deflection error is basically stable when the fixed value
analysis is analyzed, while the maximum amplitude of the deflection error has an increase process and tends to be stable at the time of nonlinear
analysis, and the maximum amplitude of the nonlinear analysis is obviously larger than the amplitude of the constant value analysis. 3) The total
radial error of the nonlinear analysis and the constant value analysis is basically the same at the beginning of the gas supply, but with the increase
of time, the maximum amplitude under the nonlinear analysis is larger than the maximum amplitude under the constant value analysis, which
shows that the nonlinear analysis has no obvious effect on the error of radial runout and the deviation angle when the gas supply is started. When
the gas supply is stable, the nonlinear dynamic stiffness and dynamic damping will obviously affect the vibration amplitude of the rotor. 4) From
the frequency domain, the resonance frequency at the maximum amplitude of the nonlinear analysis is 964 Hz, and the resonance frequency at the
maximum amplitude of the constant value analysis is 986 Hz, and the nonlinear analysis reduces the resonance frequency at the maximum amp-
litude. 5) When the frequency is higher than 1 500 Hz, the amplitude change of the rotor is very small, which shows that the vibration of the rotor
is more stable when the frequency is greater than 1 500 Hz, and the vibration frequency of the gas film is not easy to resonate with the natural fre-
quency. Experimental results indicated that the error of radial rotation error of the spindle based on nonlinear analysis is reduced by 1.43% to
6.54% compared to the constant value analysis. Therefore, the coupled vibration analysis of the bearing-rotor system can be achieved by applying
the gas film as the spring-damping system to the rotor. The introduction of nonlinear dynamic characteristic parameters of bearing realizes the ef-
fect of bearing dynamic performance on spindle dynamic vibration. Based on nonlinear dynamic characteristics, the vibration analysis of the bear-
ing-rotor system can more accurately analysis and predict the radial vibration error of the aerostatic spindle.

Key words: acrostatic journal bearing; bearing-rotor system; nonlinear analysis; vibration error
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Tab.1 Parameters of aerostatic spindle
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