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ABSTRACT

This research presents an analytical model to characterize the ball bearing vibration due to the waviness in a rigid rotor
supported by multi-row ball bearings considering centrifugal force and gyroscopic moment of ball. The effects of
« entrlfugal force and gyroscoplc moment are introduced to the kinematic constraints and force equilibrium equations.
The waviness of ball and races is modeled by the superposition of sinusoidal function and it is introduced to position
-rectors of race curvature center to use the Hertzian contact theory in order to calculate the elastic deflection and
-1onlinear contact force resulting from the waviness while the rotor has translational and angular motion. They can be
Jetermined by solving the nonlinear equations of motion with five degrees of freedom by using the Runge-Kutta-
ehlberg algorithm. The accuracy of this research is validated by comparing with the results of the prior researches. It
characterizes the vibration frequencies resulting from the various kinds of waviness in rolling elements, the harmonic
Tequencies resulting from the nonlinear load-deflection characteristics of ball bearing resulting from the waviness

nteraction.
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Radial mass moment of inertia, 1,
Polar mass moment of inertia, /,

3.9853x10" [kg-m_]
7.5339x 107 [kg-m"]

Mass, M 8.673x10 Tkg]
Bearing span 83x10” [m]
Number of bearing 2

Table | Specification of spindle system

Number of ball, Z 16

Ball diameter, D 22.23x10° Tm]
Pitch diameter, d,, 25.26x10° Tm]
Preload, F, 0 TkN]

Groove radius of inner race, 7; L63x10° Tm]
Groove radius of outer race, 7, 1T.63x107 [m]
Diametral clearance, Py 0.43x10” Tm]

‘Waviness amplitude X107 [m]
Table 2 Specification of ball bearing®®
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Type Waviness Principal frequencies [Hz] Type of
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Cage rotating
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frequency i )
Outer 15 1149.52 1146.10 radial
race 16 1149.52 1146.10 axial
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Ball 2 994.39 992.23 axial
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Table 3 Comparisons of cage rotating frequency, ball spinning
frequency and principal vibration frequencies between the
proposed model and prior model (without considering F;
and M)
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Fig.5 Principal frequencies and its harmonics due to ball
waviness of order 2 considering F ;and M;

Type Waviness Principal frequencies [Hz] Type of
» order  [Proposed model| Prior model®” | motion
C?ge rotating 76.7 76.7
requency
Ball spinning 500.1 500.9
frequency
Outer 15 1227.8 1277.6 rad.ial
race 16 1227.8 1227.6 ax@l
17 1227.8 1227.6 radial
Inner 15 1273.0 1272.4 radjal
race 16 1439.5 1439.1 axx_al
17 1606.2 1605.7 radial
926.3 925.1 radial
Ball 2 1002.2 1001.8 axial
1079.0 1078.5 radial

Table 4 Comparisons of principal vibration frequencies due to the
waviness of the rolling elements(considering F,; and Mg)
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Fig.6 The amplitude of force due to ball waviness of order
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