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The Static and Dynamic Performance Analyses of Air Foil
Journal Bearing for Various Bump Foil Stiffness

Dong-Hyun Lee’, Young-Cheol Kim* and Kyung-Woong Kim*

Department of Mechanical Engineering, KAIST
*Rotordynamics Group, Korea Institute of Machinery and Materials

Abstract — This paper presents the effects of the bump foil stiffness on the static and dynamic performance of
the foil journal bearings. Reynolds equation is used for the static and dynamic performance analyses. To consider
the deflection of top foil the top foil is modeled as a elastic beam and the bump foil is modeled as a spring. So
in the static performance analysis the load capacity is compared to the various bump foil stiffness and in the
dynamic performance analysis the trajectory of journal center is compared to the various bump foil stiffness.

Key words — bump-foil stiffness, gas foil journal bearing.
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Fig. 1. Geometry of foil journal bearing.

Table 1. Specifications of the bearing and foil

Number of top foil 3
Bearing length 50 mm
Bearing diameter 50 mm
Radial clearance 0.05 mm
Top foil thickness 0.1 mm
Bump foil half wave length 1 mm
Modulus of elasticity (top foil, bump foil) 200 GPa
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Fig. 3. Beam-spring system.
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Fig. 4. Curved beam.
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Fig. 5. Flow chart.
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Fig. 6. Dimensionless load capacity (3000 rpm).
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Fig. 7. Dimensionless load capacity (20000 rpm).
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Fig. 8. Dimensionless load capacity (40000 rpm).
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Fig. 9. Dimensionless load capacity (80000 rpm).
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Fig. 10. Trajectory of journal center (0.05mm,
10000 rpm).
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Fig. 11. Trajectory of journal center (0.1 mm,
106000 rpm).
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Fig. 12. Trajectory of journal center (0.13 mm,
10000 rpm).
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Fig. 13. Trajectory of journal center (0.05 mm,
30000 rpm).
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Fig. 14. Trajectory of journal center (0.1 mm,
30000 rpm).
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Fig. 15. Trajectory of journal center (0.13 mm,
30000 rpm).
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Fig. 16. Trajectory of journal center (0.1 mm,
100000 rpm).
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Fig. 17. Trajectory of journal center (0.13 mm,
100000 rpm).
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e  =eccentricity [mm]
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h  =local film thickness [mm]
R =bearing radius [mm]

t, =bump foil thickness [mm]
I, =half length of bump [mm]

t =time [s]

m  =mass of journal [kg]
T =, dimensionless time
£ =elC, eccentricity ratio

@ =rotating velocity
k¥ =KLUKED
= h/C, dimensionless local film thickness

= p/p., dimensionless pressure

=x/R, dimensionless angular coordinates

H
P
&  =7R, dimensionless length axial driection
7]
A =(610R)(p.C"), bearing number
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