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Abstract — Because of their cleanliness, low friction, and high stiffness, aerostatic bearings are used in
numerous applications. Aerostic bearings that use porous materials as means of flow restriction have higher
stiffness than other types of bearings and have been successfully applied as guide bearings, which have high
motion accuracy requirements. However, the performances of porous bearings exhibit strong nonlinearity and can
vary considerably depending on design parameters. Therefore, accurate prediction of the performance
characteristics of porous bearings is necessary or their successful application. This study presents a porous
bearing design and performance analysis for a spindle used in wafer polishing. The Reynolds and Darcy flow
equations are solved to calculate the pressures in the lubrication film and porous busing, respectively. To verify
the validity of the proposed analytical model, the calculated pressure distribution in the designed bearing is
compared with that derived from previous research. Additional parametric studies are performed to determine the
optimal design parameters. Analytical results show that optimal design parameters that obtain the maximum
stiffness can be derived. In addition, the results show that cross-coupled stiffness increases with rotating speed.
Thus, issues related to stability should be investigated at the design stage.
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Nomenclature

C : Radial clearance (m) (o138 7<)
D : Bearing diameter (m) (Hlo1% 27)

H : Dimensionless film thickness (FXF S-&2-77))
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h : Film thickness (m) (&&= )
k : Permeability (m*) F3&)
L : Bearing length (m) (H]o1& Zo])
P : Dimensionless pressure (FxFd 42)
p : Pressure (bar) (%)
p. : Supply pressure (bar) (35
r, : Bearing radius (m) (#]o1% W)
t : Time (s) (FIZH
t, : Thickness of busing (m) (&2 F4 F4)
4 Viscosity of lubricant (Pas) (&4 %)
At Compressibility factor (3= A7)
A, : Feed parameter (F7] Al5)
o : Rotating speed (rad/s) (FAEE)
@ : Whirling speed (rad/s) (B2E&%)
: Dimensionless time (72 A17h)

6 : Circumferential coordinate (rad) (¥4 F3t)
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Fig. 1. Schematic of porous bearing.
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Fig. 2. Schematic of spindle for wafer polishing.
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Table 1. Design parameters for porous bearing

Properties Unit Value
Rotating speed rpm 2,500
Lower bearing length to |
diameter ratio
Upper bearing length to ) |
diameter ratio
Porous material permeability mm’ 5x10°
Supply pressure bar 5
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Fig. 3. Pressure distribution in the porous bearing.
(C/R=0.001, L/'D=1, =0.5, P,=5, A=5, A,=1).
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