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The Static ‘Performance Analyses of Air Foil Journal Bearings
Considering Three-Dimensional Structure of Bump Foil

Donghyun Lee', Youngchul Kim* and Kyungwoong Kim'

Department of Mechanical Engineering, KAIST
*Rotordynamics Group, KIMM

Abstract — The calculation of bump foil deflection is very important to predict the performance of foil bearings
more accurately, because the foil bearings consist of top foil and its elastic foundation usually called bump foil.
For the purpose of this, a finite element model considering 3-dimensional structure of the bump foil is developed
to calculate the deflection of inter-connected bump. The results obtained from the suggested model are compared
and analyzed with those from the previous proposed deflection models. In addition, load capacity of the foil bear-

ings is analyzed by using this model.

Key words — foil journal bearing, connected bump, load carrying capacity.
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Fig. 1. Schematic diagram of bump foil.
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Fig. 2. Rectangular 4 nodes element.
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Fig. 3. Local and global coordinate.
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Fig. 4. Connected bump.
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Fig. 5. Parabolic load in longitudinal direction.
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Table 1. Data of bump 25k 1A s HEXE Reld Hzel u)LsdA o2
Bump thickness 0.1 mm 7VAte)e] Wae Aol gla 4l HEol wWge 3
Bump length 50 mm o} 3y S7hell HIAIE 2, 3, 48 HEE S
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(b) deflection of bump calculated by finite element methods

Fig. 7. Deflection of bump calculated by various
methods.
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Table 2. Data of bearing

Bearing diameter 50 mm
Bearing length 50 mm
Radial clearance 50 um
No. of bump in 60 EA

circumferential direction
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Fig. 8. Load capacity for various bump foil deflection
models when bump thickness is 0.0Smm and rotating
velocity is 20000 rpm.
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Fig. 9. Load capacity for various bump foil deflection
models when bump thickness is 0.1 mm and rotating
velocity is 20000 rpm.
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Fig. 10. Load capacity for various bump foil deflection
models when bump thickness is 0.15 mm and rotating
veloeity is 20000 rpm.

Az 3% AX5H e Yepllt) olyst HExy W
g Ak w2 AT Aole W FALE
2k HAFe FAE Fold u g& AA H‘E}‘ﬁr
o Ha 279 FAE SmmY W Peng[3]9] WL
o WY A4S ARSI A SRR TEe
Zx Y9 r‘:r7/ﬂ7P 0.05mm, 0. mm, 0.15mm¥
S AR A9 2o} 72 70%,
17%, 6% %—%E} T3 Heshmat[3]9] ®HEALMEL
AREBle] Alatel BRI T H S AAE W] HY
AMEE 7B 47 57%, 31%, 15% St
Peng[3]4 EE%‘ Wy Albie o] HA
Adh= =HrgF oo

i tﬂrsi_,/} oLE:Jo] U}o] Hug
she &0 %‘—éﬁ—%gl WEo] B

Arke e

r&
iy,
i
g
=
Yo
rE,
2 ui

AMEITh b HEEY F9Y SR WYL A
Arrt FHgEA ARS se olzal
o o) 3 HEAASE

Ar}. ool v Heshmat[2]e] HE Axbde Zukak
St Hx Wy -‘?’—"]5‘}7] wjZof] HilEo] 10]
He °§ﬁ-°4 Aesie Bk o e 22 HAa

o g 01—57\]1]~a‘°] 7R A= S1g
Z7F M2 A e BfE e
%] F7EA 739-e] FPgmel) wied| &k
Y B FOAH%E whe vepdn
o) & o) YExxdo] ypeal g
vleste] WY dthe TPgoly S M%e] YAt
e 7HEE Bl Asdide £33 dae A
Erzde] gy zesle] T 4 e} g
ZpolE B webd 2o Yokt zguﬂoq%lsq 2
M-S YeiME HErde] 32 YHe e
4o dasict.

=

o X
1o
)
<]
1t

=

mlo

48 E

B AP Bl B Qo) o

Yol WYL o} A¥apl AV st §

olgslel Wage) 334 63 Fo zeie
PR

2. Yol 334 ﬁs‘*&—% 5’_’6—1?‘5}04 Sﬂﬁ—% T3 g
A= 71E BEE ARgele] 8 3 A Axel &
& zolE BPom W=yl s H|Hsle] WL
Siths 7F8S ARSsle] Al Adel sko g #
AskA HE-L St 7S ARRE] ALK A3k
FURE 7he eI

¢

bt

l

3. Wz Ye] 321 Pl EHEP 237 Zge %
Auloiigel NS sl Gestn B3, B
o] 1o] Y Pele) Aske SlaaE BeHol

7l HY

d  :displacement vector of local coordinate

d'  :displacement vector of global coordinate

e  :eccentricity [mm]
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S tload vector of local coordinate
f' :load vector of global coordinate
s :bump foil pitch [mm]

t,  :bump foil thickness [mm]

D (EY(1- ) bending rigidity

K :stiffness matrix of local coordinate

K’ :stiffness matrix of global coordinate

N :shape function for Kirchhoff equation

N :shape function for plane stress model

p  :pressure [N/mm’|

p. :absolute pressure [N/mm’]

u'  :displacements of foil in x-direction [mm}
v :displacements of foil in y-direction [mm]
w'  :displacements of foil in z-direction [mm]
€  :elc, eccentricity ratio

& :z/R, dimensionless length axial direction
6  :x/R, dimensionless angular coordinates

A (67,0R)(p.C"), bearing number
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