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The Dynamic Performance Analysis of Foil Journal Bearings
Considering Coulomb Friction: Rotating Unbalance Response
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Abstract — The dynamic performance of air foil bearings relies on a coupling between a thin air film and an elas-
tic foil structure. A number of successful analytical techniques to predict dynamic performance have been devel-
oped. However, the evaluation of its dynamic characteristic is still not enough because of the mechanical
complexity of the foil structure and strong nonlinear behavior of friction force. This work presents a nonlinear
transient analysis method to predict dynamic performance of foil bearings. In this method, time dependent Rey-
nolds equation is used to calculate pressure distribution and a finite element method is used to model the bump
foil structure. The analysis is treated with a direct implicit integration technique that can handle nonlinear prob-
lems and the stick-slip algorithm is used to consider friction force. Using this method the response to the mass
unbalance excitation is investigated for various design parameters and operating conditions.

The results of analysis show that foil bearing is very effective on the restriction of vibration at the resonance fre-
quency compared to the rigid surface bearings and the effectiveness depends on the operating conditions, static
load and a amount of mass unbalance. In addition, there exist optimum values of friction coefficient, bump foil
stiffness and number of circumferential slit with regards to minimizing dynamic response at the resonance fre-
quency. These optimum values are system dependent.

Key words — foil journal bearing(¥ % 2 W o] &), friction(¥}&), rotating unbalance response(3] 427 %
<
© .

75Ny L o™ Aol
[M] : HZEUe ARE
4 W g 2o) thAR p. Al
(dy : HEFYe] Mg R HlolENKE
JRE E T 3REAEEHEE I
Fy - 5X89 u, AT
h || X, Y 1 xle, yle, FA19 Wold 23FA
H 549 371959 x, y oz Helg A
[ EEasol FR pooEEAN
K] - wEEdel R T oot TR AR
"2A2 - AAAR : tacho@kaist.ackr o SR

219



220

Fig. 1. Coordinate system of a foil journal bearing.
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Fig. 2. Friction force.
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Bearing diameter D 20 mm
Bearing length L 20 mm
Radial clearance c 25 pm
Applied load W, 10N
Amount of mass unbalance  u; 0.05~0.1 gcm
Number of bumps n 20
Density of bump P 7,980 kg/m’
Bump elastic modulus E 200 GPa
Bump poisson’s ratio v 0.25
Bump thickness b, 0.05 mm
Bump height h, 0.5 mm
Bump half wave length I 0.8~1.4 mm
Friction coefficient 3 0.05~0.2

Fig, 5. Foil bearing consisted of 5 bump foil strips.
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