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A Study on the Change in the Film Thickness of Ball Bearing
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Abstract —In this study, we perform a numerical analysis to predict the film thickness and lubrication regions
for a thrust ball bearing under different operating conditions. Film thinning and replenishment affect the film
thickness in starved lubrication. As the inlet meniscus position is brought to the edge of the Hertz contact, the
thin film thickness is calculated as starved equation. We use a film replenishment model to determine the recov-
ery film thickness between rolling elements. We use a hydrodynamic model to describe film recovery, that results
from the effects of surface tension. In this model, we consider the surface tension gradient in fluid depression
as the driving force for fluid recovery. We use Fourier transform method to determine the time-dependent depth
of depressed oil. We calculate the change in the central film thickness graphically by using the recovery equation
in starved elastohydrodynamic lubrication(EHL) under operating conditions that include numbers of balls, sliding
velocity, applied force, and ambient film thickness. We evaluate the degree of starvation by using the distance
from the center of the contact area to the meniscus position. Parched lubrication, a phenomenon where the film
thickness decreases consistently, occurs at the severe condition. We determine optimal values with respect to the
numbers of balls, and sliding velocity. The investigation can contribute to the design operating conditions for
proper lubrication.

Keywords —ball bearing(€ | ©] ), film replenishment(f 2} X.%), film thickness(f 2}
(MY 27 2), starvation(HZ-F7F =3 AH)

), meniscus

Nomenclature lubrication
Hs : Dimensionless film thickness for starved lubri-
a. : Half size of a Hertz contact in x-direction (m) cation
a, :Half size of a Hertz contact in y-direction (m) h. :Central film thickness (m)

a :Half width of oil depression in x-direction (m) hi, Inlet film thickness (m)

G :Dimensionless materials parameter

: Ambient film thickness (m)

H. :Dimensionless central film thickness k : Ellipticity parameter
Hr : Dimensionless film thickness for fully flooded m : Dimensionless calculating meniscus position
m, : Dimensionless critical meniscus position
"Corresponding author : yjcho@pusan.ac.kr R, :Curvature radius(m)
Tel: +82-51-510-2307, Fax: +82-51-512-9835 r» :Ball radius(m)
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U :Dimensionless speed parameter
W : Dimensionless load parameter
x :Transverse direction
v :Rolling direction

Vi : Half width of oil depression in y-direction (m)
¢ :0il depression (m)

A¢ : Change of & (m)

1 : Viscosity of oil (Pa*s)
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Table 1. Material properties and geometry

Material properties Value
Young’s modulus (GPa) 207
Poisson’s ratio 0.3
Pitch diameter (m) 0.031
Ball diameter (m) 0.003
Surface tension (N/m) 0.036
Viscosity (Pa*s) 0.02

Table 2. Reference operating conditions

Factors Value
Applied Force(N) 30
Sliding velocity(rpm) 80
Ambient film thickness(pm) 100
Numbers of balls(EA) 6
Conformity 0.52
H.=h/r, &)
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