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Experiment of foil friction effect on-static stiffness and
lift off speed of bump feil journal bearing

XU Fang-chengy, LITU Zhan-sheng, MA Rui-xian, YAN Jia-jia

(School of Energy Sefence and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract; Two bump foil journal bearings with different surface roughness of bearing
housing’s cylindrical’hole surface were manufactured. The test-bed was established by ex-
ploiting bump-foil journal bearing to test the static stiffness and lift off speed of bump foil
journal bearings using friction torque method. By comparing test results of each bump foil
journal bearing, the effects of friction between bump foil and bearing housing on static stiff-
ness and lift off speed of bump foil journal bearing were studied. The results indicate that
reducing surface roughness of bearing housing’s cylindrical hole surface can weaken the fric-
tion between bump foil and bearing housing, decrease the bearing static stiffness and lift off
speed under the same bearing load capacity. It has engineering significance to improve the
bearing structure design and extend the bearing life due to lower the wear of bearing surface.
Moreover, the static stiffness of bump foil journal bearing has strong nonlinear characteris-
tic, and increases with the increasing foil deformation, so it is necessary to consider the

nonlinear foil structural stiffness when modeling the bump foil journal bearing.

YR E A :2012-10-14

W 45 HH AR 3t 3k

ESTE:EEARBES (1117601005 iz Bl 34 (20110377005)

EB I 4R (1985 ), B3 WiVE & A N, 18 12k, S B0 IS A0 0 R 5% L6 il IO L 8 T % T 3l 0 24 R 5
E-mail: fcc1985@163. com



%104 TR 7 R4 -

1 PR A U0 9 TR A% i Al AR e O R B 1 e R T S 2195

Key words: bump foil journal bearing; surface roughness;

static stiffness of bearing; friction torque; lift off speed

e G B4R 1] AT R 2 — B U 3h
B Al R )3z T e e e AL B, 3 T I ik
G| R I A N B B b VI A £ 2 v w11 12 B = R Kt
ARFNTR SR P T B ] Al R B A e e e
75 YD (T o R0 A2 o e S A R AR

e SR et IS S E I i A
R 2 B Rk G RSN Dk G A9 R R P
98 F M SCTE e AL R A P9 R A 2 TR AL T
O T 2 T R ity S 0 MO T 9 B9 A
ARPRAUE TS I B R S A B 2 I
L5 Bl e AR 2 1) Y BE 45 Tl R SR AL T BELJE AR )
W BE. B X 98 22 ] 1 BE 4 00 & 17 22 2 38 %of Lk
T 7 Hig 9. 1992 4F, Roger #l Heshmat™ 38
i GIAPELLGE e FIF-§6 P Z 18] b P ST 7 Al R
FEAR Z 8] (Y BE A L B8 43 A 1 U SCSE R i W Ry
PR IE HWFSE 7 BT R i 45 1 2 500 NI BE 1Y
$U. 1994 4E, Roger #1 Heshmat'™ @57 T 96 A
45 1) T AR P A5 gk AT R B L 45 L 40 A T R AR
JEE 45 55807 %o Bt A O B DL R A B IR 1 5 i R A
1999 4, Tordanof {5 4 5] A §f i Fl i & 5% (R Z
[F1) P9 P2 A RE 485 3 A N7 1 — i ] 7 - B - 7R S
HE R A S e W EE A s 1L G R R A
Uiy 247 SR A I A P R S P s ) D SUTE T Y
2 . 2007 4, Lez SN 2 B T W RS P96 i )
BT R 55 SR 52 M4k 22 18] 2 45 R B T R OT
20T AR 3 0 B AT T TE A B A B S0 WY
J. 2008 4F, Lee 451 #7725 BIH F R AR P 452
RO T R S50 A7 BROTABL, 0 o3 B 1 98 v &5
A T O R RO T g g3 A S it R R R
2009 4, Kai % =S 196 R 25 0 78 T8 1 it i 4
RULBESE T IS B 5T R KB SR i A R
TR 22 8] AN Ti) FEE $2 DR 650 %ok il 7 e AR 42 1 52 ) )
L 25 S 3 WY e B 455 TR RR BB A% 4 v il R i) TR
HRIAE ST BAh Lee S0t i) AR W) 1) J7 75 0F 5%
TP R Z 1] 2 AR PR 45 280 I R il R R R Y 52
e, 75 3 7 AH A B 2508

BAMR Z 2 e e EASE T A B BRI RN
Xof At AR CRE R 1 B R EL R I B S 5 5 T 4 A
RICHR. e Ah b T 96 b A R T e R HLAUIR
Sl R AR A2 TR] B L i v O R NS 22 DR o A 4
) 9 e A T B A TR L TR T R 4R
PECR W2 G A Bl R v I A — A, 5

IR B — i T I AE T o A T KT i
PRI 7 B IR A I i e 1 RE A8 LT o 11 6 3k
18 5% T A B TR AT P R A A R R B
20T A R 3 T I P A A AR R A s D A
ARt R A 0 . G A AE DAAE [P A SOk
TR il R 5 R R B I R TR A Bl R AR D 2
Vi 98 L FL2% I8 45 A 45 00N 1Y T P R R
I VA LS. P A SCTE A 57 A 30 T LA 1)
R PERE N LS 5 & B B AN A [R] 7R 52 1A
(50 A L PRy 3 TR T2 1 8 1 A8 1) A il R BE AT
TR O TR A A I T R
TR R T I 1 B ST R R 5 A 2 (] )
JEE A58 380 TN X i 7 B IRE i 7 A T B Sk 1 2

1 ESEREE SE A SN

S — A T AR 1) ARG 7 110 45 4 e 1] 2 ]
1 "B - SR U SUTE Al 7R 52 R 48
L G R A — I 5 DT 8 — S ) A A 42 7 Al
IRFER B BN T 1 55— S B . ST
J G AL TR [ELARTE 2 B

1 /A7 NP
ful A\ YA
VN jur/}
v, 14
VAT IND|

o

ANV WU ——— I

7 S

T~ L L

B 5 — A 8 T AR 1] AR Bl 7 5 e T ]
Fig. 1 Structure of the first generation bump foil

journal bearing

. —_
—_— = — )
L | b oTT BEUERRE
i | /4 | NG /4
-l R/ 1 AN
AT T Tbsm ool 17

ii’i)’i‘("Ei/' RS
17N e

Ay u_:A JAN N
IXEAH T SPLIN R

2 WA R LS R B K
Fig. 2 Configuration of bump foil

I G LA T SRR QAL 3 BT B



2196 i =

DA

i %28 &

0 Bl 7 1 B R e A T A AL P 2% T Cll R e 1R
e B R fk T B 2 THDRLBE JE R, = 0. 4 pm A5
0 b 7 ) ol 7 e AR B AR L P 3R T 19 S TR B JiE
R, =1. 6 oo, 100 P 25 (397§ F A6 2% AL RS B2 A4 [
F 1B TS0 O AR ) UM 9 e il R 2

3 A Tm) Al i o I A AL Py 25 T 2% TRDHLRES J32 19
e A B AR 1] <A B
Fig. 3 Bump foil journal bearings with different surface
roughness of bearing housing

cylindrical hole surface

Rl KAEMEASEHAEENSH

Table 1 Structural data of ‘bump foil journal bearing
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Table 4 Experimental results of lift off speed for

bump foil journal bearing
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