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Optimal Design of an Exhaust System of a Vacuum-Compatible Air Bearing

Gyungho Khim*, Chun-Hong Park’, Husang Lee’ and Seung-Woo Kim"*

ABSTRACT

This paper presents the optimal design of an exhaust system of a vacuum-compatible air bearing using a genetic
algorithm. To use the air bearings in vacuum conditions, the differential exhaust method is adopted to minimize the air
leakage, which prevents air from leaking into a vacuum chamber by recovering air through several successive seal stages
in advance. Therefore, the design of the differential exhaust system is very important because several design parameters
such as the number of seals, diameter and length of an exhaust tube, pumping speed and ultimate pressure of a vacuum
pump, seal length and gap(bearing clearance) influence on the air leakage, that is, chamber’s degree of vacuum. In this
paper, we used a genetic algorithm to optimize the design parameters of the exhaust system of a vacuum-compatible air
bearing under the several constraint conditions. The results indicate that chamber’s degree of vacuum after optimization
improved dramatically compared to the initial design, and that the distribution of the spatial design parameters, such as
exhaust tube diameter and seal length, was well achieved, and that technical limit of the pumping speed was well
determined.

Key Words : Vacuum-compatible air bearing (}F -8 F7]#10] ), Differential exhaust system (X}5Hl] 7] A| = &),
Optimal design (1 & A 7)), Genetic algorithm (f+ 3 & 2] F), Degree of vacuum (3 F &)

7154y h = bearing clearance (=seal gap)
H = thickness of porous pad

a; = circumference length of the i seal (i=1, ..., n) k. = permeability coefficient of porous media
C,; = conductance of the i seal L = maximum length of seal region
C,= conductance of the i exhaust tube L, = length of a porous pad
d, = diameter of the chamber exhaust tube L, = width of a porous pad
d; = diameter of the i exhaust tube I = length of the i seal
g = i constraint condition 1. = length of the chamber exhaust tube
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1; = length of the i™ exhaust tube

n = the number of exhaust stages

P, = chamber pressure

P; = pressure of the i™ exhaust groove

P, = supply pressure

P,= inlet pressure of the i exhaust pump

P,;= ultimate pressure of the it exhaust pump

P{X) = penalty function of the i constraint
condition

Qo = mass flow rate from the porous pad

Qrear= leakage rate from the air bearing

Qougas = OULGassing rate

S, = pumping speed of the chamber exhaust pump

S;= pumping speed of the i exhaust pump

Sy = effective pumping speed

w; = penalty constant of the ;" constraint condition

X =solution vector
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(a) Vacuum-compatible air bearing and dimensional
parameters

1% exhaust i exhaust n* exhaust
S,,P

1% u)

porous pad

Center of stage

porous pad

Ly-vacuum gauge Ce»d,,l,
Chamber exhaust| S P_

(b) Differential exhaust system for air bearing

Fig. 1 Structure of vacuum-compatible air bearing
system

Table 1 Design parameters for theoretical analysis

Pumping | Ultimate | Tube | Tube
speed pressure | dia. d; | length

Si(m%s) | P,(Pa)| (mm) [/ (mm)
Ist 1.1x1072 | 1.0x10™" 4 500
Exhaust 2nd 1.6x107 | 1.0x10™ 10 500
3rd 2.0x107" | 1.0x1077 10 500
Chamber | 4.0x10™ | 1.0x107" | 152 100
Length, /,;(mm) 5,8, 10
Seal | Circumferencial length Qs 58, 88, 124
pad | (mm) a, 38, 68, 104
Clearance, h (um) 10
Dimension, LxL,xH (mm) 50%30x5
Porous | Clearance, 4 (um) 10
bearing | Permeability, k, (mm?) 7.5%107°
Supply pressure, P, (Pa) 4x10°

Fig. 2 & W72 A& 3 2714 AAsn, 3 2
W@ AR d)E FHFE so wiFde AA
Hoj® S (h), 28jn wi7|FZY L3S0l A
ol AFEP)o vlAe TS EAF RHolo
A4 4 qUxol, i@ HAHo AAFLE, w9
¥ AFo] FojASE, Hxo LFo] FIEFE
=7t a8 2 ¢ & dd. 23y wiw
A3 B &F Alojg @AM B & YKol
ojE WFEL AMEA A4S nA=g, g
#T S AL 9uisr glen, 7+ ¥MsE
o] A3y o] WP AL A £ Y}
Fig. 29lA P, 33%HE,S. 9 P& 47 2AFR
Hol| dAZd o wpr|&xe Tdgy e 9n
Lig=8

P=4x10°Pa, P_=10" Pa, S=0.4m’/s
—5=10" m'ss
——-8=10" m's

Tube diameter d, (mm)
Fig. 2 Effect of tube diameter, bearing clearance and
pumping speed
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Fig. 3 Effect of ultimate pressure
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Fig. 6 Pumping speed of turbo molecular pump(TMP)
and rotary pump(RP) according to inlet pressure
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Fig. 7 Optimization process using the genetic algorithm
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Table 2 Specification of parameters in exhausting system

Pumping | Ultimate | Tube Tube
speed | pressure | diameter | length
S, (ms) | P.(Pa) | di(mm) | [ (mm)
i-th
exhaust - - - 1000
(=1,....3)
chamber | guig | 1x107 | 40 1000
Dimensions of seal pad
Length of i-th seal, J; (mm) (5=1,...,3) -
Circumferential length of i-th seal, a; (mm) 200
Maximum length of seal region, L (mm) 50
Dimensions of porous pad
Vertical
Porous pad (mm) Horizontal 50%30x5
Number of pads .
(double pad) Vertical 2
Horizontal 2
Bearing clearance (Seal gap), # (um) 10
Permeability of porous material, k, (mm?) 7.5%10°°
Supply pressure, P, (N/m?) 4x10°

~ : determined by optimization

Table 3 Operators and control parameters for the GA

Population size 50
Maximum generation 300
Fitness function Scaling window
Reproduction operator Hybrid
Crossover operator Arithmetical
Crossover rate 0.9
Mutation operator Dynamic
Mutation rate 0.1
Elitist strategy Not adopted
10°
10"

£ 10

&b
10°
10* . A N : A

0 50 100 150 200 250 300
Generation

Fig. 8 Objective function during optimization process
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Fig. 9 Optimized result of design parameters
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Fig. 10 Variation of inlet pressure of each vacuum pump
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Table 4 Comparison of chamber pressure between initial and optimal design

Chamber | [, I ls d, d | di |8 (x107m¥s) |8, (x1072 mP/s) | S (x107° m¥/s)
pressure (Pa)l (mm) | (mm) | (mm) | (mm) | (mm) | (mm) P, (Pa) P, (Pa) P,;(Pa)
Initial ) 33 200 400
design | 22110 S e I B B YT 1.0x107 1.0x10°7
Optimal - 19.4 52.0 43.6
. ) ) a1 17 ) .
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