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Performance Analysis of Double-Bumped Air Foil Bearings

Young-Cheol Kim', Dong-Hyun Lee* and Kyung-Woong Kim*
System Engineering, KIMM
*School of Mecanical, Aerospace & Systems Engineering, KAIST

Abstract —This paper presents a theoretical model for the analysis of double-bumped AFBs. The stiffness and
damping coefficients of the double bump vary depending on the external load and its friction coefficient. In the
case of a lightly loaded condition where only the upper bump contributes to deformation, the double bump is
in the single active region. In the case of a heavily loaded condition where both the upper and lower bumps con-
tribute to deformation, the double bump is in the double active region. So the double bump can be either in the
single or double active region depending on vertical deflection. The equivalent stiffness and damping coefficients
of the bump system are derived from the vertical and horizontal deflection of the bump, including the friction
effect. A static and dynamic performance analysis is carried out by using the finite difference method and the
perturbation technique. The results of the performance analysis for a double-bumped AFB are compared with
those obtained for a single-bumped AFB. This paper successfully proves that a double bumped AFB has higher
load capacity, stiffness, and damping than a single-bumped AFB in a heavily loaded condition.
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(a)single-bumped  (b)double-bumped
Fig. 1. Structure of AFB.
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Fig. 2. Mechanism of a double bump.
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Fig. 3. Structural model of a single bump.
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(b) Double active region
Fig. 4. Structural model of a double bump.
3. 1
L= ¢0—Zsm2(po+§(p0cos2(p0 (12)

Ko= (13)
¢, - 244 (14)
O,

2:3. 0|3 zo| vigmdl

2-3-1. GAYEZLFR A (Single Active Region)

Fig. 4@ DAdHzZA5R9d A= olF Wast
dEg B s W ARFEAERE 1Y ok o
FAox 8] Haze] WEe vp2F o] BN
F=4

U= a'\P (15)

V= o, P (16)

U' = (ap—aly)P amn

V'=(aly—an)P (18)
714

ol = %(ﬁ—mﬁ) (19)

Vol. 23, No. 3, 2007



126
= B 1y o)
. W"S"p"(r 1) @1
o = ";;”;j;’p"(f fals) (22)
: =‘%§§@<A—ulé) 23)
o= p"zv};‘,’jfp“(f - 4l}) 24

TR olFH It dAHZAFIHAN AT o
3 B AAATE B 2] AdSAE F drh

K, = (25)

2 u
Co =~ (t o+ (1 =2 (@~ ) (26)
TT ul
2-3-2. o]FYZAFYY (Double Active Region)
Fig. 4(b)= <ISHZAFIH e olF WL}
dEE B Yg W AFEAEE 29 Foj). F
WL Alole] Fo|xhheight differenceys tha-3 72t}
AH=U'-U 27

A 27y8 ol8atd HEo] A Lshs HF
2 (contact force)S T3} 7ro| AlakE o) Rt

G= (a,+a,,1 a)P—AH
ul+aul

28)

mepa] o] goolxe] Wze] WHL g3} 7ho
F8501d & Aot
Uu= a:la:lz 4 a:lAH (29)
a:|+a;1 a:l+ale
v 1 «
V= avlauzl + ale]'{ (30)
o+ anta,
u ! i
U: (uxulauzl P— a"ulAI-{ (31)
A+ Ay Qat
V1= a:lai2+aIAuvP_ a{/IAH (32)
dytdn  ditd,
o714
o = (BEL) eyt -12) (33)

Journal of the KSTLE

54 - W

a8)3 olFHET} o3 EEAT

3 AR vt 2ol

Aol AsE
Aol d = i},

!
_ i T s

K, — (34)
aulauZ
C = 2
5= ”waﬁafz{ﬂl(am"'aul)(avlauz zaulaVZ zaAuv)
+ﬂ2(a:l+ail)(afllaid-*'almw)} (35)
3. ds &y
31. s =Yl
GUAM T AFBY} 015 AFBo thall AsaiAe

Fgstgict. 5 wojdge] H7o] 50 mm, Hol7} 50
mm, 7F=(clearance)°} 0.05 mm¢] 72 7FRslE 0
o, 3719 HAE 1.789x10° Pa-s, 3719 U=
1.225 kg/m’E 7HY3IGT WEol e SUS3042
7Fg8la, Y=o A4 (Young’s modulus)E 2x10"
N/m’, Z&}4H](Poisson’s ratio}s 0258 FAch

DUzl A9, W] Wk Zo(half length)
£ 1mm, %] 0.5mm, FAE 0.05mm, I
3mmE 7Pt HEX YT} S2]HALo)e] mlEA|
FE 012 T oFHEXY FolAM =Y

7Bt ez A9 $LF A-E K E e
7%6}21E} olFHEXY FollA Bp¢PEze] B¢, W
zo] HkEZo|(half lengthyE 098 mm, %] 0.49
mm, FAE 0.05mm, FXE 3mmE 7PYEHAT. o
A F ML) £ORE 0.0l mmE /PG 1 F
WO APl Le} SR E Alole] A E 012
st em, stz SelE ALl wlEASE
0.12 T FHAEEE 20,000 pmOE T 7],
S5 0~10N7EA] HSA7IHA 34 2 53 AdF
< A=Y

32 HYME siMA

Fig. 55 ©Y¥I AFBH o5 E AFBY| Uik,
345 E7F 20,000 rpmd W 8- HSIAITIHA &
WEF S4AE mEs SEEXE 28 Aotk 50N
ol3le] 72 Y W F wlojgolMe] YR ¥E
28 LX)} 22 60N o] FAS a5y
o o]FHI AFB] A 42 TUHE AFBY FH
HYEEgE 5 39, o2 s o] & ¥ }lel”fﬁ
g 7HA 2 Aoz 7dEh Fig 62 ddE=



o)FHZEY FMlo|H e AT

~—a— 10N
e~ 50N
o8 100N
d
e
3 0e
a
o
@
Py
8 o0sd I -
=
2
2
g o2 —
" ,,M"/ \
e
00 fane® H :
0.00 157 314 471 628
Angular Position(8)
(a) Single-bumped AFB
R -
| —— 10N
‘| —e— 50N
0.8 oo = o e - R 100N
06+ +

Dimensionless Pressure {(P-1)

314
Angular Position{s)

(b) Double-bumped AFB

Fig. 5. Pressure distribution according to the center
line of the AFBs.

20

[—=—10n
| -® 50N
i 100N
T | !
g 1
g
L7
B 10
Q %0,
o .
£ ! S
g | » .
. | . ®
. )
L
... L]
»
pugasnang,
s anunann® 11
PR - :
0.00 157 Ex 471 628
Angular Position(6)

(a) Single-bumped AFB

| —=— 10N, upper

' & 50N, upper
! 100N, upper
B [T 38 R——— ’ —O— 10N, lower
= . > 50N, lower
& i 100N, lower
£
04— s e - — -
Q p". '
5 t
3 , KA
g * y i |an
> R . : B
S o — gt | -

- l'.',‘,....nn...__..

o -'hﬂ.}y'w,ny‘ 2

0.00 1.57 314 4M 628
Angular Position(}

(b) Double-bumped AFB

Fig. 6. Vertical deflection according to the center line
of the AFBs.

127

o

1z AFBO thsle, 34271 20,000 rpm
shE-g WaATIEA S0 TS bEE Y

& WEBe I8 Zolth soNolste) e 5

o F wojgolae] HEFTFL s x|} 2
U 60 NojAte] BA9 a5 ol o]F3¥Z AFBY
o) WsaEe g AFBY FHoj H¥FRTE O
o o|ZFHMT F FSIHI L AL HET

B2 3 HPsa F HE P 2}017} Aol W=
o] o]xKheight difference) o 25 z}olfg N
t}, o] A9l SlojA o]FHEZAFPHL 60 NoJte]
sEzAAM TS & T U

Fig. 72 sl et ¥ AFBY A3 4d%-&
Ueldth 5 AFBY 4] E(eccentricity), Az
(attitude angle), EEIAH (rotor locusy B HaFHF

—e— double bump AFB
= single bump AFB

Eccentricity
o
&

04 7
(R AR ——
00 J—. T T T T T
o 10 20 50 60 70 80 20 100

load{N)
(a) Eccentricity
90 ‘{ + T
60 - B —e— double bump AFB
H —&- single bump AF8

Attitude Angle (deg)
5
3

10 } T
0 T T T
o 10 20 30 40 50
10ad(N)
(b) Attitude angle
40
353
ERE B
2
g
3 By — i
g
£
g 2
£ N |
;E, 15 - —— — -
£
£ 10 . :
\ |
s = T
0 R
10 20 30 40 50 80 70 80 90 100
load{N)

(c) Minimum film thickness

Fig. 7. Static performances of the AFBs.

Vol. 23, No. 3, 2007



128

1.0x10”

i P i
—a&— Double bump AFB Kxx
#— Double bump AFB Kyy
single bump AFB Kxx
—w-- single bump AFB Kyy

8.0x10° -

8.0x10*

.
4.0x10 e

Stiffness Coefficients(N/m)

20x10* o= e

0.0

0 10 20 30 40 50 60 70 80 20 W00
foad(N)

(a) K,and K,

2.0x10°

T T T T
—=#— Double bump AFB Kxy
—&— Double bump AFB Kyx
1.6x10° single bump AFB Kxy
3 —¥— single bump AFB Kyx
: 1l T T T T T T e -
2 om0 o
8 P e
£ I a
g ~ —
O 500°
2
H
kS
& 0.0 /
-5.0x10° 7
0 10 20 30 4 S0 60 70 8 90 100
load(N)
(b) K,, and K.,
100 N T N B
—m-— Double bump AFB Cxx
--& - Double bump AFB Cyy
8o0 single bump AFB Cxx {1
E —w— single bump AFB Cyy
2 ™ 1
T 600 t
2 -~
] :
=
]
2 '
O 400
@ i
£ . i
S i X
13 | B
8 0 ‘ :

T oy
0 10 20 30 4 5 8 70 8 90 100
load(N)

(¢) Cuand C,

—=— Double bump AFB Cxy
— -—o— Double bump AFB Cyx

~. single bump AFB Cxy
£ 200 ~w--single bump AFB Cyx
5 7
z
Z DN e .
@
- : ™~
S | e
2 P i B
£ i i
E 200 L
@ E)
Qa ; —_

400

; T
0 1 20 30 4 50 60 70 80 90 100

toad{N)

(d) C, and C,,
Fig. 8. Stiffness and damping coefficients of the
AFBs.

7l (minimum film thicknessy= T E2HE 9ol A
= 9% AL TRV ols AT AT AR

3]

Joumnal of the KSTLE

rE ol
> 18

o =, o
AFBS] ApA|Z H
o]FWE AFBY| HAAUF7E ©UHME AFBY H
SFIHFAEG O A oA o]e IalEd A
A o|ZWMI AFB] B3AASHL ol X AFBY]
AFETE B Aval @ 5 3ok

£ oy
o g
2
y ¥
Rl
w
io
3
N
flo
i
e
=9
Ik

33 SHMs Mgy

Fig. 8& @Y AFBH o] AFBo| W3l
B HEE} 20,000 pmd W 3L WA F|EA 7
BAFS ZAAFE AN a-bott. ARAAS
(KK )e SFeol S7Hl et Srlske A%E B
ojv}, A2 a5 3] AZMIATKYT 3Tl F
g APATKERS 2 g RS E S
3 ARHAT(Ca Gy S0l 7l w2t 4
e HolH, A= slsere] 7S
== ]

S ZAEF AN FH A
Y 2 AAgE dYHE
= 7Ktk zEg skl
60Ne|Fo 2 AXA HW olFWZo| FAHASL
(KK KKy =] 7 AR R AXA €
< £ F 3tk 53] d5o] ol AXA el w
olFHI AFBY 3FHTF AT (KLt A741A
F(Coye DYHE AFBY A¢Hu} €4 o #AAE
E AUtk w2x SFslisel 2 A9y de] Ast
Al FE3e A= oFHE AFBE ©YH T
AFBYl| Hl3l & A3 AHE ATEo=ZR AlLH9
IS A= Ao Z|gEnh

4. 4 =

B g Dz AFBY| Ay
24 2Y[8}e Ssle, olTHZ AFBY]
A3k ol&A mEe AASA ol
2 R Wyo] FrEen, olF o188
x| 57t FHATES =E3U.

ANE o2 HiRoR o|FWZ AFBY AH Y
ARl Yo, ddwze 399t b

oE
K
|
i
O
),
X



ol F Mol A

23} AHHOZ o]FHE AFBS 74 LskEol
2183 73-9-(heavily loaded condition)oll= ©lFHI
AFggelr Asshar FAAFEE FAE
mok ohz}, wjolFe] A 2 AAE FINAFTLS
24, Ao g A2Ee) egale] FEE AR
Rigacal= 3

t

ik}
Ao
re

A

1. Walowit, J. A. ,Anno, 1975, “Modern Development
of Lubrication Mechanics,” Applied Science Publish-
ers, Ltd., London, 1975.

2. H. Heshmat, J. A. Walowit and O. Pinkus, “Analy-
sis of Gas-Lubricated Foil Journal Bearings,” ASME
J. Lubracation Technology, pp. 647-655, 1983.

3. J.-P. Peng. and M. Carpino, “Calculation of Stiffness

129

and Damping Coefficients for Elastically Supported
Gas Foil Bearings,” ASME J. Trib., Vol. 115, pp. 20-
27, 1993.

. J-P. Peng. and M.Carpino, “Coulomb Friction

Damping Effects in Elastically Supported Gas Foil
Bearings,” Trib. Trans., Vol. 37, pp. 91-98, 1994.

. H. Heshmat, “Advancements in the Performance of

Aerodynamic Foil Journal Bearing : High Speed and
Load Capability,” ASME J. Trib., pp. 287-295, 1994.

. C. DellaCorte and M. J. Valco, “Load Capacity Esti-

mation of Foil Air Journal Bearing for Qil-Free Tur-
bomachinery Applications,” Trib. Trans., Vol. 43, pp.
795-801, 2000.

. Hooshang Heshmat, “Operation of Foil Bearings

Beyond the Bending Critical Mode,” Journal of Tri-
bology, pp. 192-198, 2000.

LAY, o15Y, WAS, “FIEAoIRY s

nxe WEnkAg” agEA, A 21 6
3 pp. 283-288, 2005.

Vol. 23, No. 3, 2007



