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Performance Analysis of Gas Foil Journal & Thrust Bearings

Young-Cheol Kim', Jeong-Wan Han”, Kyung-Woong Kim"~

* Rotordynamics group, KIMM
#% Department of Mechanical Engineering, KAIST

ABSTRACT This paper presents a performance analysis model of corrugated bump foil bearings. The
analyses for not only 1st generation bump foil journal bearings but also bump foil thrust bearings are
performed. Static performances such as load capacity, attitude angle, pressure distribution, foil deflection, and
film thickness are accurately estimated by using soft elasto-hydrodynamic analysis technique and finite
difference numerical method. Also dynamic performances such as stiffness coefficients and damping coefficients
are estimated by perturbation method. The analysis technique may be appliable to rotordynamic analysis,
stability analysis, and optimized bearing design.

Key Words Gas Foil Bearing, Bump Foil, Journal Bearing, Thrust Bearing, Load Capacity, Dynamic Coefficients

1. M B Tuoigel His

AN gleH, %

42 B AR 24 4% wessel he 3 A4 NS A N F Ao £9 @

Ao glom old wet 7}A E9 o] Y (hydrodynamic Z(misalignment), 7] A3
gas bearing)& AH&3Hz %47t Holum vk Hze) 7p 487 {conformability)el 3

2 ¥ Yo|3(gas foil bearing)& 1970t Garrett Co.oll 4] 2808 Zt=E o g e ALGGelE 2AEE I

Aursle] Boeing 7279 AA Tz S WzE e Aenge T TV USRE, AKAN M wojgatole s

W, o] 33714 ACMair cycle machine)ol AHg5z ¢ ¥ E°IL HAGA WAt WS FIA7] A3l

. HAHOZ Foil Bearing® FaxA5o] ggge] A MoS% Z2 3A wHEA|(Solid Lubricant)z #oi¥

w2} Turbo Pump, Textile Spindle, Cryocooler, Motorized ERS 29 Aok

Blower, Heat Pump, Solar Chiller, Turbo Compressor, YHHOR 1A 7tAEd WMoy dFFgold &
Micro Gas Turbine, Turbo Charger5ol = AMH+-E 3 ol Fgoz Fd¥uniform) A A3YE 7RG, £ ATA

ArzQuolde 2Edos Fehiojdolng pxsp  © AW Zk2ZAdMoel A *““6““ z2a3s 7|
7ol ] go] AHsn nEdAE Edy FHade (EIAT e @4WPE 1T s AqNE
Ao Eg 87 Aatdoly] B FLEuAE oz & FHOEN, HZEY Aol %‘E 4 2 2EH
3
g

u

>

27 (Lubricant) 2 AHE& &= 9lom Aot mee = Hol Wetd 244 AH 2 4 A5 A5 dA
3 AT Alerlssd. & AEdHolge gt 7] &

267



2. XdHjojge| M5y

2.1 4 o|&

Fig. 1& 712X Y Addolg o] MRS e,
Adwogd e HNY o neHE YA¥NTE H=9
He MHLeading Edge)e] ZH$]x1(Angular Position), i
to ZAEZgo]dXA({compliance, «), o] ZH4(Bearing
Number, A4, 2019t Z 8|(L/D) Folth. s§49] Ay

stE e ASHFHO =002, JAYFL £2] U=

TE 4AsY. @ Bump Foilol 43 22X ¢
p Foild] #3724 FAgth ® 7|9} o3z
g7k et

A Aduojge] AuptgAe oid g2 T
4 #o)E=24A A (Dimensionless Reynolds Equation)©.2

0 38P T 2 0 36P
@[PH WHT} 797(”1 W]

(1)

0 0

(2)

of BN & Ty HE AAxA: B&FH 2o @

FUF BFR =t 3)ANY dFL h7I%HP=1)0leh
@ H%(leading Edge)el Ml §rete th719H(P=1)elch
@ FHTrailing Edge)olMel e o7l (pP=1)olx,
WoIgET G el AT ssAel gt ()]
ARE 933 F71REA} SAEGD P AE Hol
52 AAzAE o p=1g BEUG.

o1 gel AAxAT AR olgstel g 2 3%
T 244 #5E  A
©P>12 3%,

H=1+¢cos(B—0¢)+a(P—-1) 3

714, Adel HAE eleccentricity)® FU9 AE}o)
A2 alcompliance)= th3 o] Z+zt Ao e ojzirt,

268

e=2 (4)

C

2p,s (1Y
=% (_tg] (1—24) ()

o, 2] FEF|A2E AR 2 seElEE Fg
294 Aslg
@ P=19 3%,

47|, Hp& #ols=

37|19 FA ol .

BEse Ao

2]
offt L
rle
ok
= N
=
-
&,
)
o,
J
=2
£
ot

MERRAe fES 4 Yo,
H=H,+ HAH+ HyAX+ HAX+ HAY (3,
P=P,+ PyAX+ P,AY+ P,AX+PAY (g

olg Zo] FxI HFPAHE FAHLZ E7] A4 &

219 (Finite Difference Method)S ©]-&3%th.



12 2
(P, — 1)cosBdfdZ
~ 120

o _1'1/1/2 27r(
4 rJ-1,270

ojf FaY &5 theF 2ol ot

P, — 1)sinfdfdZ

W= Y
par’
2219 BFAASE GEHsE Py Py 32
T 4
1/2
KXX=~— / PycosddddZ
—-1/2J0
L 1/2 2m
L / / P, sinfdfdZ
—1,2J0
L 1/2 27
Kw:— = PycosfdidZ
—1/290
L 1/2 2m
Kyy=— / Py sinfdddZ
1720
ol 29 FHASE et 2o Felur)
C .o
Kij_ pﬂ”z ki]’ LI=%Y
2AY BHAASE GARER Py P,
% 4 o
L 1/2 2n
Cyy=— / / P, cosfdbd
17270
L 1/2
= / P sinddddZ
120
L (Y2
Cyy=—= P cosfdfdZ
—-1/2%0

L 1/2 2m
Cpy=— / / P, sinfdddZ
TJ. 1720 Y

waASE Bew 2o Aojut,
CU — c

Fcij L,I]=%,Y
141

ol 279

(15)

269

1‘“414

A7k 374

| 238 ANFRA ¥
0°, 120°, 240°0] 22

1
THETA

(a) e=0.60, a=0, 4;=3.0

MN.os

1
THETA

b)) e=0.75 a=1, 4;=3.0
Fig. 4 Pressure Distribution

e
122497
1 1auwr
107498

a8

569500
055001
047502

£
THETA

(a) e=0.60, a=0, 4;=3.0

-
THETA

(b) e=0.75, a=1, 4;=3.0
Fig. 5 Gas Film Thickness



Fig. 3¢ 949 833 BN2L FFeo|odze] W
e A Asjolck s Bygel TR 29
445 AND BYAE 4LUE 2 Aok 0

Z
Y E izt A

2l
Aol AL ¥ 5 e, ol &
o}

o Al ofs) F719

M ooff rEL
P8 r&o

Flg 4~5¢% Fig. 494 ¢ FAATE S 7HA &
T 7H 2ol dis 7tz GEEE
RAo®  Fg 4@%
e=0.60% do sjFst3, Fig. 4b)E o =12 TUH
o}go] e=0.75Y o] Zct Fig. 428H a =13
Ao Boh | Mol AA o] wAsty, Y
2 a=09% 4% o A LAFE £ 5 ok Fig. 5

4&0 A=30

o 3 ¥ 8 £ 8 B

Fig. 7 Dimensionless Damping Coefficient

AM z=0049 HLFIFFAE %e}s} A, =09
A% Hyy=04801 a=19 %% Hy,,=0.539
& ¢+ 9er A% a=19 73—‘%94 2371 GEAL
& ¢+ 9t

Fig. 6~7& 345 ZHAFE REdo|d29 2
of gt Ade Adoldh. d4AR WY go] FHEFF
AASF R AT BF AXE %S 2dn
e FAE BAES kel FEe|A2TL AXG
2 Woige] A gl HY AokAed, ot AF

P 2 A= 71H o g3t 33 2@ A B
e HExddA e BT 47t AujE o] 7] gio]
=

3. 2 A2EH0{YHe M3y

3.1 814 ol&

Fig. 82 7t2Xd 2 2EMo 3] 42 vepd Ao
2 4 de& ZAF =4¥E 71 Top Foild 21 Top
Foil& AA3= Bump FoilZ °o]§ojA it} Fig. 95 &
HAEHIY Y HAEAE Yetith. 2 2EWAYS 3
g o 3sHE AAWUSFE dze + 2 padd 4=
(B), A= #HZe oA~ (compliance,a), ¥o &4 (Bearing
Number,4,), #leige] WAz 974 H(R,/R,), Wl

7 %9 %Ak /hy) Tolth. #Ad| A& 7ML A
Runner
Spacer Top Foil U
Block 7

000007007 /// ///////

LI 1N

L—Bump Foit

Fig. 8 Gas Foil Thrust Bearing

Fig. 9 Gas Foil Tarust Bearing Analysis Model

270



190 3sOP\, 1 0 (ppsdP
Rar[RPH - +R269(PH ae) N
0 0
= Az (PH)+ 2A0 57 (PH)
o W #AY WrE BeR 2o
p=_P g=h z-_z2 p__T
P h, hy R, an
6nok; v
AJ uh"22 Y @ v
ol A & Fo7] A% FAxAE g&F 2o D
wAwege BRR=1L R=1E /%P =1)oltt

0 bi<O<f
ag|a Y9 AEGo|AAE g 2ol Byl
3

(1—17) (20)

EEER LT

olsh pol FEF HFPRAL £RHoE F7) 94 &
RS ol §ren
PAY $FL AYYALE P2 Ave] 78 4 g

o

1 ]
W= P —1)RdAdR
/R Y /0 (P, —1) (23)

ojuf Fa4 352 tF3 o] FoHrt

W= 1;’?22 (24)

271

1 8
K,= / / P,RdddR (%)
R/R:J0

ol Fa FAFE theFH 2ol Ak
hy

K,=—2_k (26)
pRE 7
A9 BHA5E GEEER P,g HRse 7¥ 4
=
1 )
C,= P_RdOIR
z /nl/Rg/o z @n

ojml Fxd A4 AsE TS Zo] Hod).

how
C,= 2)
d D aR22 ° (

3.2 84 At
H2EY 22EHYY FEH R BEHL J= )
%n, A9 FddAe Fle S 8 | /H,, Woigs
A, EQ9 ABeoldx o, W= WA R,/R, 5

o w2} g

im

A=50

(b) =1, A, =50
Fig. 11 Pressure Distribution



Beo-sasny
cF RN R

Fig. 12 Top Foil Shape

A=50

Kz

h1/h2
Fig. 13 Dimensionless Stiffness Coefficient

A=50

— =0

- =05
——a=10

—— =30

N .:'\
v \
N - -
oot \
.-

H H
h1/h2

Fig. 14 Dimensionless Damping Coefficient

HAd7e F g2 B AFAE A= Tt 8A
oli A,=5091 A%l W #4 ARE A @
o d4elA WAAE(R,/R)E 2, HES td FAH-2
QFups; Zolul(b)E 052 AN,

Flg 102 FX9 35S HEZeto|dxe sl met A

& Adolt). A4z H/Hy7t AR o $244 8
o] AANTI} ZoET H /Hy7t 943 2% £49 F
golxz}t Aol wat T4 3hFo] FopAEH, of
7)o Ao gLl o5 Hert AP T
A7t AA7) gEoz S

Fig. 11~12& H,/H, = 5% w} =HEX =
8 ¥4e 13 A0, Fig 1l@9 12 ZAH

ri

wH ol

- rie

ol r‘E,

7% wo FPFstxn, Fig. 11 120)E
ol A% ARecth Fig 11ERE a=19 3%

L-S— Helo]l AA gtglo] WSy, HAUYHL
a=0% A% o 24 HE“ESW E 4 3t} Fig. 129

2
T

Fig. 13~14= % *ﬁ]-rq 7‘4?%1%% A
stol] whe} A4 Agfolt}, HMAF ¥
7F AR el FAY o) FolAH, H
g 2= H /HA Hd 49 244 2 3
4 & 94

A [e]
l‘\‘: 63:-%— =

>
m{m

4. 4 B

2 ATOAE soft BHL @14 714 olgstol, /22
Q Aoy B AAE dolPel B FH R FA
Wead Zzade ALt o9 Fueas ¥ud
o ANATe BEHS Fusiglen, tobe A7 et
BE QsAAZY A0k F5RES St AHANg
$o JHEE, 3795, Hse wY 5 AN £
JES dgod, 428 AN ke FAATIHA
47 % AN AeE F 5T Sk

% 7|

B A7E AgadR A Algdt QA& REA
(iﬂrxwz 10006918)21 FyEglony od FAAR o2
B A=Yy

#ng#

(1] Heshmat H., Walowit J.A. and Pinkus O."Analysis of
Gas Lubricated Compliant Thrust Bearings”, ASME
Journal of Lubrication Technology, Vol.105, Oct.1983,
ppo38~646

{2] Heshmat H., Walowit J.A. and Pinkus O."Analysis of
Gas Lubricated Foil Journal Bearings”, ASME Journal
of Lubrication Technology, Vol.105, Oct.1983, pp647~655

272



