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A Study on the Structural Stiffness and Coulomb Damping of Air Foil Bearing
Considering the Interaction among Bumps
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ABSTRACT

Air foil bearing supports the rotating journal using hydrodynamic force generated at thin air film. The bearing performance,
stiffness, damping coefficient and load capacity, depends on the rotating speed and the performance of the elastic foundation,
bump foil. The main focus of this study is to decide the dynamic performance of corrugated bump foil, structural stiffness and
Coulomb damping caused by friction between bump foil and top foil / bump foil and housing. Structural stiffness is determined
by the bump shape (bump height, pitch and bump thickness), dry-friction, and interacting force filed up to fixed end. So, the
change of the characteristics was considered as the parameters change. The air foil bearing specification for analysis follows the
general size; diameter 38.1mm and length 38.1mm (L/D=1.0). The results show that the stiffness at the fixed end is more than
the stiffness at the free end, Coulomb damping is more at the fixed end due to the small displacement, and two dynamic

characteristics are dependent on each other.
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s = equivalent Coulomb damping
= journal diameter [m}
= elastic modulus [N/m?]
= fluid film force
n = internal strain force
= bearing film thickness [m]
= bump height [m]
= bump structural stiffhess
L = bearing axial length [m]
= friction force
P = pressure distribution [N/m?)
R = bearing radius [m}
R = reacting force
s = pitch between each bump [m]
t = foil thickness [m]

w = load [N]

x,yz = Cartesian coordinates

é = deflection [m]

a = compliance(AP,/Kc)

7 = friction coefficient between top foil and
bump fol

u = friction coefficient between bearing housing
and bump foil
1) = rotating speed [rad/s}]
6, = half angle of bump arc
v = poisson ratio
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Fig. 1 Bump foil bearing schematic.

(a) Housing (b) Bump foil (c) Top foil
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Fig. 2 One bump foil structure configuration.
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(a) free-free end condition

(b) fixed-fixed end condition
Fig. 3 Bump foil deflection configuration.
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Fig. 4 Bump deflection shape under same load
considering friction force and reacting force.
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Fig. 5 Bump foil analysis flowchart.

Table 1. Bump bearing design parameters.

Parameters Values
Bearing radius 19.05 mm
Bearing length 38.1 mm

Bump foil thickness 0.12 mm
Coulomb friction coefficient

Mstatics Mstatic 0.1~0.3
udvnamic,n dynamic 02
Poisson’s ratio 0.29

Young’s modulus 214 GPa
Half angle of bump arc 60 degree
Bump half length 2.0 mm
Bump height 0.45 mm
Number of bumps 27
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Fig. 6 Test bump attitude position and angle.
:20~340° per 40° counter clockwise
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Fig. 7 Structural stiffness versus bump number under
uniform load.
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position.
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