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Finite Difference Analysis of Dynamic Characteristics of
Negative Pressure Rectangular Porous Gas Bearings

Polina Khan, Chun Moo Lee, Eun Hyo Kim and Pyung Hwang*'

Department of Mechanical Engineering, Graduate School, Yeungnam University
*School of Mechanical Engineering, Yeungnam University

Abstract — The numerical analysis of the negative pressure porous gas bearings is presented. The pressure dis-
tribution is calculated using the finite difference method. The Reynolds equation and Darcy's equation are solved
simultaneously. The air bearing stiffness and damping are evaluated using the perturbation method. Rectangular
uniform grid is employed to model the bearing. The vacuum preloading is considered. The pressure in the vac-
uum pocket is assumed to be a constant negative pressure. The total load, stiffness, damping and flow rate are
calculated for several geometrical configurations and several values of negative pressure. It is found that too large

vacuum pocket can result in negative total force.

Key words — FDM, negative pressure porous bearing, perturbation method. .
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Fig. 1. Bearing model.

Table 1. Bearing parameters and basic size

Parameters Values
Supply pressure, p., (kPa) 500
Negative pressure, p,., (kPa) -20, -40, -60, -80
Porosity, u# (%) : 12
Flying height, ¢ (um) 10
Radius of pores, d. (um) 0.8
Bearing length, 2Ly (mm) 120
Bearing width, 2L, (mm) 40
Vacuum pocket length, 2L, (mm) 100
Vacuum pocket width, 2Ly, (mm) ‘ 20
Porous media thickness, /' (mm) 8
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Fig. 2. Pressure distribution.
(Basic size. Negative pressure: -20 kPa).

Table 2. Calculation of bearing size according to
pad's width w

Parameters Values
Bearing length, 2Ly, (mm) 120
Bearing width, 2L,, (mm) 40
Vacuum pocket length, 2L, (mm) 120 -2*w
Vacuum pocket width, 2L,, (mm) 40 - 2*w
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Fig. 3. Total load versus pad width.
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Fig. 4. Stiffness versus pad width.
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Fig. 6. Compressed air mass flow versus pad width.
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Fig. 7. Vacuum pump mass flow versus pad width.
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