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Performance Analysis of Air Foil Bearings with Bump Friction
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ABSTRACT

This paper presents the theoretical model to investigate the effect of Coulomb damping in the
sub-structure of a foil bearing. Foil deflection is restricted by friction of bumps. Equivalent viscous damping
of the bump foils is derived from the Coulomb friction. Dynamic equation of the bumps is constituted by
stiffness and damping terms. This point give the difference from Heshmat’'s frictionless and simple
compliance bump model. The fluid is modeled with the compressible Reynolds equation. A perturbation
approach is used to determine the static and dynamic performance of the bearing from the coupled
fluid-structural model. The analysis result shows that the static and dynamic performance is enhanced by
bump friction. This analysis technique would be extended to development of a high performance bearing.
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Table 1 Design specifications of AFB

Bearing Parameter Bump Parameters
Diameter{mm) 50 Height(mm) 05
Axial Length(mm) 50 Half Length(mm) 1
Clearance(mm) 0.05 Thickness(mm) 0.05
Load(N) 20 Pitch(mm) 3

52

50

1

—a—=0.0
vt 1=0.5

= p=1.0
—y— p=inf

v
i
-

ﬁ’ﬁ

40

30 v ¥

20

Minimum Film Thickness(um)

7

10000 20000

Rotating Speed(rpm)

30000 40000

Fig. 8 Friction effects on minimum film thickness

Ao Rz o wWgFe b Zolh
Fig. 6(a) 238 mi2A57} ADSE AT A7}
A Uepde B 4 glon Falseol g49 2e
At 4 Ak Figs. 6% (@22 whaAs
7} AASE WE WYL 25T YL FHRS

S 5 9t

ul W
= T —

1A

#at

Figs. 73 82 vlz74 wglo| 3
ANA#RZ Jebdo), Fig. 7258 vf@dAg7t ALASE
HAE (eccentrlclty)°1 Aol 1. AAZ}E (attitude
angle)o] AXE Z& & 4 9l Fig. 824 wh&
A7t ALFE Ao %11}-‘?—7}\] (minimum film thick—
ness) 7} AXE A& AT 5 9l wEbA whEA
g0 & Fo HAEEr FaEoiAT ©
S AXEHA B ¢ F Utk

=2

=2 -
2 345

2 o
[e]

= 2

4.4 55 Mo

#a}

2+ ZAA]

Figs. 9% 102 ulzA glo] W F3HA

&

ofr

&

SHIIAXML MR, H1Z, 2006



sx10°

T 2.0x10°
P . 1510°
=
3 £
2 2
] 2 qon0’
€
2 3x10° 2
£ 5
3 3 5.0x10° s
(5}
8 2x10' ﬁ
E £ 00]
- 15}
1x10° -5.0010° - — ] " A
—=—p=inf
) -1.0x10" t
[ 10000 20000 30000 40000 0 10000 20000 30000 40000
Rotaling Speed(rpm) Rotating Speed(rpm}
(@ (b)
2.0x10° I £x10° T
. Kyx 7-7'(,?:'0 0
1.5x10' —a—=0.0 410" _.7":0.5
- p=0.5 Y
- e = n=1.0
£ 1o © w10 5 e p=in
= —e—int Z e
£ £
5 2
o 5.0x10" £
= 'vv
g 8 o e et Il""'
o o x e AT TI L
3] @ vyYYIiiaguds
P 00 I v"v Jigeatt
g £
= B me
D 5.0x10°
]
-1.0010" 0 10000 20000 30000 40000
4 10000 20000 30000 40000
Rotating Speed(rpm) Rotating Speed(rpm)
() (d)
Fig. 9 Friction effects on stiffness coefficients : (a) kxx, (b) kxy, (¢) kyx and (d) kyy
10’ T EYale T
il il —a—u=00
£ £
. @
Zz —v—p=inf z om0 -
£ . =4 —v— p=inf
o 310 ! S
2 I 2
% | 5w
o 8
o x0 o
c
£ S o YVyy
s E s llilnlz IYYIYYYeyYEY TvevY
a
x10' e .
Yvyy 10 o
!Ttnn
0 1 -2¢10°
o 10000 20000 30000 40000 o 10000 20000 30000 40000
Rotating Speed(rpm) Rotating Speed{rpm)
@ {b)
4x10° ] 5000
x10° Cyx 4000
7l7n—00 E v
E - @ 4
2 e E=S Y
€ Y
g N oy pusinf 5 2000
o - £
] a
£ 1x10 g
3 =.gss vy 2000
S S SR IIITITITITIYTYIIY] 2
£ €
£ 8
s 1000
-0’ i» i: Yrvry
11998444404 1222044544
-2x10° o T
[ 10000 20000 30000 40000 10000 20000 0000 40000
Rotating Speed(rpm} Rotating Speed(rpm)

() (d)
Fig. 10 Friction effects on damping coefficients : (a) cxx, (b) cxy, (c) cyx and {d) ¢

SHIIHML: HOH, H15, 2006 5



ANA7E vepdict Figs. 99 1002 3E]

S7h ALEE

=l o

ol o
oxl oX ﬂll

2

5 2

1

2)

3)

4)

5)

6)

L

L

3 gAS FAI Hu, dnsoz
He gPAIE o BuEd,

2% - 0lS8 - 212

w7
A7)
EED
579)

wo o) FAA 2H41217} o
2 4 gt Wz d8Ase nhee

=2

—

kst k3t 2.

| =N

upgg et 98 Heshmat9 Az d
gaste], ol2E e WZ wyubgal 4

i

b

Aole] BAFAED A
2 olgslel o,
3ol ue BA4E fE

FEALNE olgale) YL vlol Yl the
FAEBYF ANLZZIAS YU,
AR IS S 22l $as
57h FeolA 2
solahoiny,
FAIANDA oA
0. 24 9 e

A
-
to

&
>
n:

n:&
rlo
gr
o

9.

o_>z'. ol “"

o uE
I
e

ne

Ate ARIALE FAAN/AANL e A

Aol dstom SeEglow AAR o B AL

=
2 =3y
ZnIsl

(1) Walowit, J.A., Anno, 1975, “Modern
Development of Lubrication Mechanics,”
Applied Science  Publishers, Ltd,,
London.

(2) Heshmat, H., Walowit, J.A., Pinkus, O,

54

1983, “Analysis of Gas—Lubricated Foil
Journal Bearings” ASME J. Lubracation
Technology, pp. 647~655.

(3

4

(%)

(6)

(7)

(8)

9

1o

1D

(12)

(13)

C.—P. Roger Ku and Heshmat, H,
1994, “Structural Stiffness and Coulomb
Damping in Foil
Theoretical Considerations,”
Vol. 37. pp.

Compliant Journal
Bearings -
Tribology Transactions,
525~533.

C.—P. Roger Ku and Heshmat, H.,
1994, “Structural Stiffness and Coulomb
Foil Journal
Bearings : Parametric Studies,” Tribo—
logy Transactions, Vol. 37, pp. 455~462.
J.P. M., 1993,

“Calculation of Stiffness and Damping

Damping in Compliant

Peng, and Carpino,

Coefficients for Elastically Supported

Gas Foil Bearings,” ASME J. Tribology,

Vol. 115, pp. 20~27.

Peng, J.P. and Carpino, M. 1994,
“Coulomb Friction Damping Effects in
Elastically Supported Gas Foil Bea-—

rings,” Tribology Transactions, Vol. 37,
pp. 91~98.
Andres, L.S., 1995, “Turbulent Flow

Foil Bearings for Cryogenic Applica—
tions,” ASME J. Tribology, Vol. 117,
pp. 185~195
194, e A48, 2003,
Hlolg 9 A AEdoge] dead,” d5ad
&3] 373 FAS =3 =¥4, pp. 267~272.
194, g, 2728, 258, 2003, "3V
2o wolo] AXH vlojAz pAERIY B
AFeH 47 2003 FAZADTALLE
¥&4, pp. 662~667
7loaz§_ o]%H 7I7AL, 2004,
Y BA,” 2004 FAZALG
=53, pp. 98~103.
ol%¥, 7174, 2004, “HE ZY9]
comphanceﬂ- “?:]_11” 31]0131,] el uA

kazd AY

PR
HEZY

=

=3

iﬁ’él pp. 755~ 758.

o5, 094, 235, 2004, “HEEY B4
Aol st & ;J_X‘TH Bﬂo}a}/] B 221 A5
q 1"

SHOIAME M. H1=. 2006



14)

F7) 2AAE Hojg e A
AeliA,” dE&EE 403 FAEY =

, and Kim, K.W,,
2005, “The Static Performance Analy—
sis of Air Foil Journal Bearings Con—
sidering Three—Dimensional Structure
of Bump Foil,” Proceedings of World

Tribology Congress 2005, WTC2005—

REDIAME Moz, W1&E, 2006

(15)

63728, Washington, D.C., September,
Washington,D.C., USA.

Lee, D.H., Kim, Y.C., and Kim, K.W.,
2005, “Influence of Coulomb Damping
on the Air Foil Journal Bearing Per—
formance,” The 1st Internaltional Con—
ference on Manufacturing, Machine
Design and Tribology, THB—105, June,
Seoul.

55



