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Theory and experiment of foil bearing limiting load

capacity based on Coulomb friction effect

XU Fang-chengs LIU Zhan-sheng, ZHANG Guang-hui, MA Rui-xian

(Schogl of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract;\ The foil structural finite element model of bump-type gas foil journal bearing
was developed in consideration of Coulomb friction in foil structure. The compressible gas
lubricated Reynolds equation and the film thickness equation were solved together by using
finite element method and finite difference method. The Coulomb friction effect on bearing
limiting load capacity were studied when the journal eccentricity reached the limit. The test
bed was established to test the limiting load capacity for two bump-type gas foil journal bear-
ings with different roughness of bearing housing cylindrical hole surface by using tempera-
ture method. The numerical and experimental results were compared, indicating that the
bearing limiting load capacities with roughness of bearing housing cylindrical hole surface 0. 4
pm at speed 10 000 r/min and 20 000 r/min are 15.5 N and 42. 3 N respectively, while the
bearing limiting load capacities with roughness 1. 6 pm are 10. 9N and 29. 6N respectively.
The bearing limiting load capacity decreases with the increasing of roughness of bearing

housing cylindrical hole surface due to the enhanced stiffness of bump foil caused by Coulomb
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friction force in foil structure, and the trend of numerical results agrees well with the experi-

mental results.

Key words: bump-type gas foil journal bearing; Coulomb friction effect;

finite element method; bearing limiting load capacity;

limiting load capacity experiment; temperature of top foil
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Structure diagram of foil bearing

0 1l 4 ey 1R
Fig. 1

1.2 SERGHIERERELR

T B 7l 2320 AR X L R R v B e AR N
PR I A SR FRESF- T8 R 7 I I 1) — 2 BR R 2 A
R [R5 1A e 4548 790 R A ST e 2 )
DA B 5 SCTE R R0l R e A 22 ) FEE 48 TR oK
U5 R fai Ak ok 22 B R A B e A R I BT R
EER & 2 Bt 2o s, Lo, 535908 B 80 A
AN SR B R B

B3R 4 FE 5 43 5 S WA i 2 i a
A R G Uk BT 4 R JEE R R 7 T TR D) e
W BUTE R W RO O AR L AR R L K S R I EE
Bt AR EAR U] L SCER 16 1. & 3 R 4 LA
i+ AN s sz 8 W, MW R IE,

TR W W, 2 W

IHHAERE ET7 Wy R A o B v B0E
¥ o BN SUTE B Ze A R ST o i N
N, RIS, 490 7 R SO R 22 18] B4 452
DUREC s o 0 52 809 e RV A 7R 58 1 22 M) £ 1B 45 R
he, ST R R BE L AR ARAR B B9 A Y I
Ja R HAT BROGEE K ke 20§ A IR 4 31 °F
Fr—HE R e 9 0 Y 5 A BB A R A5
4 A7 BR G IR E 0 (O R S A B RS T ] 6 BT s )
DA 3 e R A 320 5 24 SR A% A AT G R R R 451
52 B ISR TSR A [R5 R iR 00 A

(72 .

B2, Beguih i &t m B K
Fig.-2—Sketch of bump, foil stricture

7 -

AR IE 2 ll

Ny ¢
,/fxﬂwfkfxrg,

i

K3 Z I fEHT sl i 28 e s B
Fig. 3 Sketch of deflection under load of bump foil

W i WAL 41
P &
W uw, | Cype
_—
LT 4 ¢
Ny N, Nii N
heg |
_.L ¥
Sk e o LLe < N /'/‘ Sre g ke 1L e X
VeSS e A R vl
. W W
Hi{& < MV ety W, 2

Vo,
A i ¥

[ 52

-

N4 [ 4,
CURIK M N VR

P4 PLCG R G5 B R 2 A
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Fig. 6 Sketch of foil structural model
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at speed of 20000 r/min

R4 HERMRAHNXBER (BG:N)
Table 4 Test results of bearing limiting load

capacity (unit:N)
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Table 5 Simulation and test results of foil bearing

limiting load capacity(unit:N)
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