ﬂ ¥ hR
N.stur.al Science Edition

JOURNAL OF EAST CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY

PR &R M = SRR S SEO T3 1 R

BREEME 2R R w

Influence of Structural Parameters of Combined Bump Foil Radial Air Bearings on Rotor Dynamic Performance
SHAO Congpeng, LI Shuangmin, WU Yang, AN Qi

TELR R BE View online: http:/doi.org/10.14135/j.cnki.1006-3080.20251028001

FETT BRI HoAh S EE

Articles you may be interested in

12 G Rl ARCR RS R it S8 )~V

Structural Construction and Dynamic Performance of a New Thrust Air Foil Bearing

TERBET RF R ( AARBIART) . 2023, 49(5): 764-772  hitp://doi.org/10.14135/j.cnki.1006-3080.20220517001
F AL AR IR 0y A S R R PERE

Performance of Air Foil Bearings with Considering Comprehensive Elastic Deformation of Flat Foil

AR T R ( HARBRART ) . 2025, 51(1): 119-128  hitp://doi.org/10.14135/j.cnki.1006-3080.20240317001
ARV 4 7 SR o R RE P B Y

Numerical Study on the Lubrication Performance of Bump—Type Gas Foil Thrust Bearing
TERBET RF R ( AARBIART) . 2021, 47(1): 101-109  hitp://doi.org/10.14135/j.cnki.1006-3080.20191006001

=R AR R SR s R R iR ) S B S RUELAITE
Lubrication Mechanics Model and Numerical Study of Sliding Beam Type Gas Foil Bearing with Three—Pad Structure

TR T R F AR ( HARBRERT) - 2025, 51(1): 135-146  hitp://doi.org/10.14135/j.cnki.1006-3080.20240226003

T s S R 27 A B 55 it 307 15
Mechanical Performance and Fatigue Life Calculation Method of Sliding Beam Air Foil Bearing

TEARBT R2F2 i ( FARBIENT) . 2025, 51(2): 277-284  hitp://doi.org/10.14135/j.cnki.1006-3080.20240414001
2 8 = YR B R ) UR VA BR AR IR S R T IR S

Calculation Method of Radiation Noise for Deep Groove Ball Bearing with Considering 3D Waviness of Raceways
BRI T RFFAR ( AIRBFERR ) . 2021, 47(4): 494-503  hitp://doi.org/10.14135/j.cnki.1006-3080.202004 11005

HiBEF AT, RECEZ(F R


https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20251028001
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20220517001
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20240317001
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20191006001
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20240226003
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20240414001
https://journal.ecust.edu.cn/article/doi/10.14135/j.cnki.1006-3080.20200411005

Vol. 52 No. 4
2026-08

R TR O RCE 48 B )
Journal of East China University of Science and Technology 597

XEHE: 1006-3080(2026)04-0597-11

DOI: 10.14135/j.cnki.1006-3080.20251028001

MBAGRZRZSMAEUSHNE T 1 FEERI RN

AL, FRA, X, [&
(4 R TR FIME 3 A TRFRE, Lk 200237)

FE: ALK BAGRXETAMARIARGETRAARART S, TR A FHEHRL . @
R RKMBEETRABEREMOER TR, ELAKRBAMARGAABSER,; KAEDE,
K EFEIE, THEEAMRIERERAE; SHR-BFLIAAEIAHKEZMER, X
J Riccati i E MR BF 30 H 45 @id4e KX SRR L 6 ARSI E T, ik
THEAGEHE, Ei L, S5BKRAEH, KEHRTHRFZRAR, FHEE. KEE
JE. RBFRFHAREMAI TG RER, R SFHTH A FREOT ME, ERE
W, E—ZCERAFRFRARARDFEREE, HRRZEIAARBREIN, RRESENKERE

Fok IR, R THEERBHIEBDE, BHEAER I,
KB EBAS R TR, MAREMEAN; BTFHHF; AT E,; R Fha

thE 4y S:TH133.35; TH117.2

23 ST R R T2 BT T S TR Rk
¥ 23 B PR A QU e 1 SOK 1210 HRGT 2 A8
{2 UG R R OR 22 S T B A5 R, BIF S il R 2
RO TSR 58 1 A YERE R b 2L

F AR R AT BR 22 5312 (FEMD) B HOR figtAF
LRk RS AT RS TR, IEE T A R
SRR AR 5304 o Zhou 551 & Tl /R &2
W BH AT A B, DA RAE 25 ST R Bl R A 2 1k 3 25
R b, T o RO B B R T BT e O vk B A R
Feng 555 SR HII SO R ) 7 vk 3135028 098 il R
A FBL WESE T E B B ) RSN . Yang
511 3R 1 Tordanoff A5 U S fiff 5 7 W1 B2, B2 17 4t
DX IOl B . Poincare BRSS9 52 00, #5751 FR B
B FIR AL RS . S5 30k [7-8] a7 T 23S
7 A Bl 7 T 5 R TR R i R - 1 0 A S
B, AT TR RETE T . BEREEV S T AR
PLEE 78l ) 2 A, W5k B2 = 7R S 1 E o
iy e L TE ) VR ok ARAED OV ST 1 R I il

Yo s B HA: 2025-10-28

kAR ERD: A

ARG, BUERF S T SR TERE

Bonello 45" 3 i+ B0 (E J5 v A g ) 3l 1 25 <
6 R hR-5 T RGN TR RE, & ARG o B R
7 R B3 N /S . Hoffmann 2502 44 48 TR TH
R R B, A IR AN VA 38, 5 0 R
HBIBE A A 2 K AR . Khamari 5503 3 Tl F% 5))
355 B R 6 B0 00 B A, o - B4 I S e Al
TRAN B ) AN i 1 $E AT T FSE . Zhang S5U41S) i
RIS T A 7 B A R A 96 i R - 1
ARGk R

Zi bk, A & F I A R A AR iR Z o
7€, (8 H mxt 2 IE Rl R 0 B 9Y R 22 2% S A X
R FEAT, A T I 9 2 23 A R (10 5 K B Bont i
T 1 F R W 5T . I, AR SOK DLVE T
I H B — o R I G 21 2 RS B R e Ry
XF G T BT, b 2 3 il 75 e S I o - Bl g 2
BAY, JT J % 7 30 ) 2 P RE i B A B B 9T, TRA
PRI AR 10 2540 S 8O0 - B0 1 2 2R B0 5% T R,

YEE®I . BREG (1998—), T, VLVE TR, Wi+A:, B T7 m AL T S FEE . E-mail: Y20200068@mail.ecust.cdu.cn
SIRAZC: ARURMG, X0, 2 ¥, 55 IR A G 2R ) 28 AURR G540 2 800 e 13 J 2 PERE R S IR (D). AR ZR BT R4 4 (A AR R4 R , 2026,

52(4): 597-607.

Citation: SHAO Congpeng, LI Shuangmin, WU Yang, et al. Influence of Structural Parameters of Combined Bump Foil Radial Air Bearings on Rotor

Dynamic Performance[J]. Journal of East China University of Science and Technology, 2026, 52(4): 597-607.


http://dx.doi.org/10.14135/j.cnki.1006-3080.20251028001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251028001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251028001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251028001
mailto:Y20200068@mail.ecust.edu.cn

598 AR TR 2 22 (A AR 2 D

552 %

AR 025K 2 Bt — b AR (I ek
1 T EERNE

1.1 HhRLEEH
WAL Frs, A SCRT 4 HE R A s AT K
M P90 L R AR . 205 S BT A
Vi) o 26 2L 18, 388 ok 3 BN ) 465 1) 2 80 0 §1 4% RO
[Fi) S B85 1 [) o % T LA e 722 G 91 1) A S, TR RS 2 D
A I 3 A, UGS N AN [R) T80 T A AR 7 K
12 SESEAFESERZNTEAR
wE 1R, SR A AT i LA G R AT
R AT & 6 TS5
h=c+ecosgp+6 (1)
A, o AN R AR E AR R e 25
ot SR O R EE s o SR T TR DU 057 £
S R A A R 1) AR AR AR, B SR o BOCR
N P+p+a=2m,
SIEREE TREZYDE 0T LIS .
1 8 (ph*?d 0 (ph®d 6v, 0 (oh) 0 (oh)
S b e

ro 0y 8t(2)

Kb, r WHERELR, p KR, p AR,
w RSIRB I BERE, v, AR 1) B, ¢ ]
nlEl 2(a) B R 6 46548, AR ] 2(0) Bros i
M-SR, HCSF- 9 A2 1 A8 S R T A R
JECS=w ), fER/RE R, Witk i 20

Viw = % 3)
Hrb, g Ry oA difar .
D AR TS I
Etd
P=naon @

A, E N, v MIAM L, o NSESEEE
WKl 2(b), g BT p FIBEESR T F A

_ . F(D,2)
q(D,2) = p(D,2) Aglllo AGA )

Az—0
2, o FE 1 T LLE S S o G A B A0 JE 9]
FEARKR, 7 M AL bR, PEHE SR SR R
F(®,7)  K(®,2)
Adn:. - Ao (P ©
Hor, Pt Ab A 25 2505 A W B A A U1 AR B R
A8 — i P ge 3,

(a) Three-dimensional diagram

(b) Cross section

P B s P Rtk
Fig. 1 New-type air foil bearing

. F (D, z)=
Equivalent / K(®,2) (D, 2)
spring b)
(

B2 A 455 fa f Ay
Fig.2 Foils structure and simplified model



¥4 FRHEMG, 55 AL A AR ) 23 SR S5 S B T 31 F1 24 PERE i 5 i 599
K Etz F. F, K. K.,|| Ax C., C,|| Ax
Az F, F, K. K, || Ay C. Cul| Ay

(13)

6, 3
6R> | 6,sin’6), + Eb + 1 sin26, —2sin 0,,)

1.3 HERFNEFERBNITE

T4 E 2 AF T, Tl R =0 (2), A B T
A AL B BB LB (x0,30) » RELURIE 1Y
po s SRS SBES IWIESS 3 1 F,,  F,, o 4%
- AT A8 TR 1B IR Al Y- 4 A6 B T 32 B
AR wq « IR xa. ya BRSNS, &
S O A A 7 BT IR 3l Bl B A% A AR
SITHA:

X = X+ X5 COS (wyt)

¥ = Yo+ Ya cos (wqt)

. . (®)
X = —wgx, sin(wqt)
Y = —waya sin(wqf)
FE U BB N AR
{}; i Xa €Xp ('iwdt) ©)
= yaexp (iwgt)
52RO BN AR B e B 07 L AR B R

JEAR AR IE Ny
D = Po+ paexp (iwgt)
h = hy + hgexp (wqt) (10)
0 = 0p + 0qexp (iwgt)
K, pahe,6a ¥R EE, HERK ARG, 56 M0
0 B 20 R LR AR A A
B BNBRWEE T pg &R
Peshi AR fb K.
apd 0pq _ 0hy _ %
ax Ty T e =gy D
FX (10) FRARK (2), 730016 F X | Y KT, 155
1 a apx a a170
ﬁa(p( 0h3 a h36_+3 hzhxa—(p)-l-

a 3apX 38170 2 aPo
az( oy Pel =+ 3poli

0 .
6#0)_90 (pxho + pohx) + 12uwq (pxho + pohx) i

1 a 3apy 3ap0 5 3
rza¢(°h 5y P 3 ohhy&p

0 0 0 op
a ( 0h3 apl/ Yh3 ap0+3 thh}’ az)

0 .
“wa_(p (prho + pohy) + 12uw, (pyho + pohy)i

JEJE hy KT

Px =

(12)

S F R ) Bl ) SRR A ST 4 il

HRWIE R Ko v Ky o Ky Ky F14 D EURELE 5

BCu Cy C o C RFRAE . LEFE R S8 017
DB AR/INME AR IE I, SUBES T7 ] 2R

A,

I E Ax=x-x, Ay=y-y), Ai=1%,
Ay =y . RRIE . BLE #&E0h DR AR ES 2

L2
f f (px sin@)dddz=K,, +iw,C,,

L2

L2
f f (px cos @) dDdz=K,, +iw,C},

i (14)
f f (pysin @)dPdz=K,, +iw,C,,

L2

L2 p2n
f j (pycos @)dPdz=K,, +iwyC,,

)
14 HA-HFRENRE AR F &L TE
Riccati 84 A] L) g 25 4 /5 A% 38 FE R VA T T 72
B (B AR Pk, PR IHAS SCR PR 5 B i 98 il 7R -7
RGW B ke tE . WK S5 R4 3
B, MR 0T o A58 . I A Ak R i 2 B o AR, A
AR R DAY

" Rotor with -

™ Thrust@: Bearlng
impeller -
K3 RlR-Fe1 REaiin @l

Fig. 3 Structure diagram of bearing-rotor system

WK 4 R, SiR-5% 1 RGP n ASKIHE
JoT 2 (B % R0 n—1 A>T T A5 A0 S B . R R
] 55 SO A B Sy — K B R o ny ATl
G n MHA AT o, HAKE [, =0, WA
(B8] 5% 14 2 A 5 5 A B B 0 A #RIATVE A nt 1 A0
GEME o 5 MRS A RS R B
Ziz[ ;f ],-:[ M, I, M, I, A, 6, 4 0,]
(15)
{h, fORERE, fiZMBNT . M. T A6
2 KAVE =D ) VA Y TR OO SN T R AN K1 R E 7
i, Thr x.y HHTF X5 xoz . yoz Vil
TEA BRI R -5 1 R g b, [ AR ) 4R Y
RS, BLJE A R EBERR, S = A1+iw, ,
Hr o, IR0 BERE, A0 s, BT
xoy HEFR RN B N
x=]A,leYcos(wyt+86,)
{ = |A),| et cos(w,t+6,)
Krh, 6,0 0, 5002 A, L A, BIFRBIA
i F B S A A TR, U= mg(e+
ie,) , &l 5 FroR . Ui LAMEE o #HEhnt, &

(16)



600

AR B TOR A o2 R CH SR B 22 O

552 3%

Bl 4 UR-Fe T RGUEE DB R B

Fig. 4 Lumped model diagram of bearing-rotor system

A NS B 0, 6 A it 0 -5 B S R D AR Y

&l 5

AR T

i (B wy = ), S5 70 R 3, R 2 =0 , iRl 4 |
jjﬁijjﬂﬁ{f@‘(%%@fﬂ[’@ﬁjo K?@T%ﬂﬂl}j} E‘Jj(/J\ﬂ\]: Fig. 5 Unbalanced centrifugal force
) 1 71 00
Fr =R U 2 Liwt
»=Re{Uore™] (17) o100 ’
F, = Re{-iUw?e""} Yui=lo 0 1 (22)
. ~ 0 0 0 1]
MR AL 136 50 B 1k (X 8~25), FHAR W BT 2% % 1Fi 4 i
AR 2 0 7 0 EFa-0
F 2FE1 6E1
Z=VZ+ Ff ] (18) I P 0
c EI  2EI
. T Yo = ) X (23)
Ff,.zan,.[ I 1 —il —i ] (19) B P(l-x)
g ; 0 0 —
; 2E1 6EI
R e L= YC) o o L
3 i El  2EI
lﬁll ; lﬁlz 2 2
Y= o 71//7 - (21 —I(mS*+K,,) JS -IK,,, JywS
21 2 _ —(mS2+Km) 0 _sty 0
Yioi = —IK,, -J,wS —l(mS*+K,,) JS?
-K, 0 -(mS*+K,,) O .
(24)
’1 B B(1-k)(mS*+K,) I+ 12J.S? P1-x)Ksy PJwS |
6E1 2E1 6E1 2FE1
_12 (mS*+K,..) 14 1J.S? _IZKW IJ,wS
2E1 EI 2E1 El
'/’22; = " (25)
B(1-x)(mS>+K,,) PhwS P(1-k)(mS*+K,,) ), LS
6EI 2E] 6E] T 2ET
PK,,, lJ,wS P (mS*+K,,) s 1J,S*?
2EI EI 2EI EI 1
AH, Kw=Kup+SCy Ca. b5rilfEFE x. y), m fri=Aifei+B (26)
SNl = S S T 53 AH 3 4 X
6E] ’
= XGAE Y mRE, G= 2000 feﬁﬂtﬂ Ay = [ A+¢0] [YnA +¢] " (27)
R ¥ =, &b N L
;F%E’ AR, & Eﬁﬁ%;ﬁ(% L !*HH«EX B =B+ Fi],— Aui[y2B+F.], (28)
=0.886 ), J, WAL E, J, & AR
foi= [¢21A+‘/’22] Soin— [¢21A+'/’22] [¢21B+F]

5| A Riccati Z54:

29)



$al

FISHENG, 2% P T2 A AR 1 28 R G5 B HO0 G 15 ) 2 PERERY 2 I 601

ey e R FZE N fo=0, fo 20, T2
I A, =0, B, =0, JEiin[ i1 5152 FA A, B
FR IR, 1A B 1A 0 450
Jine = Avii fe i 7B, =0 (30)
TERRE VTR, 2 AP it U, #4950 0, W
B; ¥ 0, 2 (30) A AEF Al 1 25 112
det(A,,) =0 (31)
A 3 (31) AT oK fi 15 3 &2 FLBHJE [5G % S =
A+iwy, o
TEATAG R BB, =0, w,=w, AN
0 A U, X (30), AT
fe7n+1 =-A] B, (32)

SBR[ SHR A, B ARAS (29), 7T
WEARRIA f, HERAARX (26), 7T LR
foio BREA A HHCASL (16) T 15 3 & (5]
s shl 8072
1.5 EEXIGIIE

F 6(a) T 7 R iR 56 R8T I, 18] 6(b) TR b
TR R AL S, K, T Tk

Elastic rope :
DC power Computer
Rotor| 4" x \smrl)r—ce
-+ L]
Acceleration
sensor
Impact hammer

Signal
conditioner

(@)

K242 L AR b, BV x 7 AT Bk
i, W AR x 71 e AR B, R A R I
x J7 T AR Bl A L o K i A% B AR A 4k
PERAE AT AL, RTAE2IUNE 7(a). 7(b). 7(c)
ST 73 2 40 A — 4 4R 1 D 3k (A ) i ST i) 28 £ 14 15
W B s A T HGAUE B AE 4 (FFT), nIA3 81 4an1&l 7(d)
s A L, 8 JL AL DS i 26 2 45 21 Sum i
2o KL 7(d) R4S 25 B R A A (B 43 50 0.
298, 4.02, 7.28, 12.22 kHz., [&l 8 &% 1 i % i ¥
RO B, A 110 25 AR 2540 3R i S R I AR Y B e
TSR, 5] 8(a) B AL bR IE X ELNIE

P 1 EL TR 6 B A A AR 1 1T 5 (E AR 5
1B, AHXTIRZZITE S% LN, Z5 A0 &, Bk T 115
P R

2 HEITEWR
2.1 EFISH

2 FR N SRR SR
R 11 3 PR -5 1 R 48, ¥ i 9 fros

Dataco“

DC power
source

Impact hamme

———
“Acceleration sensor
/

(b

6 1 i AN 1

Fig. 6 Test principle and test device

t/s
(a) Test 1

t/s
(b) Test 2

1
0

Ap

t/s
(c) Test 3

0 05 1.0 1.5 20 25 3.0 3.5 40 45 5.0

1.6 -
—— Sum

14+ ——— Test 1
Test 2
L2 —— Test 3

1.0}
<08t
0.6}
041
02}

0 2 4 6 8 0 12 14
flkHz
(d) Frequency domain analysis

7 BRI S

Fig. 7 Dimensionless amplitude test results



602 7R BT R % ROH AR D o552 %
18 r #1716 PEEAINR
gl - Table 1 First 6 modal frequencies
Tr{) 7 Calculated Experimental
9 6t Order Error/%
S5t - value/(10* rad-s™) value/(10* rad-s™")
S 4 )
3 ; : - 1 0 0 0
1} 2 0 0 0
0 2 4 6 8 10 12 14 3 184 187 160
lg K/(N-m™ 1)
@ 4 2.50 253 -1.19
76 ¢ .
R 5 473 4.57 +3.50
~ 47§
» 281 - ) 6 7.55 7.68 ~1.69
2 197
Bty
S o1 )
3 i B B o B I 1 T R P SR (o T
3t 4| ot 7, N
2} A, ZE bR G By M58 BT 32 i 2ty 3.05 N, A il
T B R (SR 46 ) I 52 (1 2448 5.75 N
K/(10°N-m™) 2.2 HARGHSHXTHA-FE T R IG R EER R0
b e N \ s S ,
e I, B M P SRR A T R 1 45
®4; s g Wil S5 e, R -5 1 RGBT I LA B

[A 8 REZSHIAR B SR NI Y A2 1
Fig. 8 Variation of modal frequency with support stiffness
B4 FH 26 /1 158 25 -l B BP0 A ol Y S5 OB A, 7 Bl 7K
1 12 S8 £, AR 7ESS 18 SR AL, fESHE Sk
A 7 e Bl R B T A D B AT I TR JE Y 3 -RHE e

TF TAERE a1 10 S24hR-F% 1 RS0 Campbell
W&, [R50 2 5 45 S A0 5 1l e (0 28 s R 45 B i
REE 5 T AERHE 60000 r/min( Bl 6283.2 rad/s),
AT 5 2 Bl S5 ORISR 3 B I S sl 22 Tl 28 3.
4 o i By il S e R i T 0 TAE G

#2 HMURSH
Table 2 Parameters of bearing
r/m c/m hy/m 6,/rad f,/m t/m u/(Pa-s) L/m L/m s/m I,/m E/Pa T/K p/Pa
1.0x 7.0% 1.0% 1.0x 1.932x 1.0% 4.18x 1.83x 2.07x 1.01325x%
0.014 0.7298 0.025 298
107 107 107 107 10°° 1073 1073 1073 10" 10°
=5
|1|2 |3|4|5|6 ‘ ‘11 12 ‘3 17 | 18 [1920[21 ||23 26 o ! ‘02=2-59%
r &3
25 2 t ~
78910 = -
i 141516 # ) 24 wl :: A Pr=r 0,=63.268
) 0 12345 ©=o
B9 SERgpiA = 50l /(103 rad-s ™) w”
. . » — wl
Fig. 9 Equivalent model —g 0 0
. S S AT T 2 I — w3
P 11~E] 14 53 50 R R P AR [ B L 5P G 55 S —
N § \ * S =30} -
P EIRIE | PP R AF Rl R Z5 A S JO0 AT 4 B il 5 S
¥ AR 20
M 1T AT L A — 7 W A, lf 5 5% 3 G 10 F
ol S A TN NS N Ve ANV /E R N D S . S ————
0 10 20 30 40 50 60 70

W I S5 F 84 T, R A A T A 6T 7 ) > A ]
BAG AR, DRI, 38 AR ) B TT L RRAIRER 2 Byl 57t
Bl e, AR BT A A Y

/(10> rad-s™)
10 Campbell
Fig. 10 Campbell diagram



$al

HRHEMS, 45 P A AL A AR I 23 RS S RO T3 1 A A RS2 )

603

MIET 12 T LAFE Y, 7E— 8 A, I 5k B
- R JEE B ORI K . A 8%107°~13x107° m if,
RERIEAR, R 15 x10° m B, 96 i e b 8IK,
P AT WP AR, i S B I AR 22 . O TR
SR 2 Bl FH ek, S e T R E I, P TR

FEARR A K
ME 13 0] AFEH, 18

1.44

142
=140
15 1.38
E36
3 134
J132

1.30

1.28

24.90
24.86
24.82

24.78

3/(10% rad-s™")

24.74

24.70

1.4

1.4

/(103 rad-s™")
"

1.2

24.804

24.800
24.796 +
24.792 +
24.788 +

3/(103 rad-s™")

24.78

— 5 YU P IR O i B A

\_

2 3 45 6 7 8 91011
¢/(107° m)
(a)

\_

2 3 4 5 6 7 8 9 1011
¢/(107 m)
(©)

A 11

Fig. 11
8

S

(o)}

[\

e

8 L L L ,
2 6 10 14 18 22 26
£/(1073 m)

(a)

4 N N N N N ,
2 6 10 14 18 22 26
/(1073 m)

(©)

12

Fig. 12

I 7 TSR R 8 8 DR S el /N 3 T o B s 3 1]
B, EIHBIRIEE SN . O TR 2 B AR
P e 1 R GEIARE I, PR REA TR/

MNP 14 0] LU Y A5 — 5 T R A I 5 ok Bt
&P S NUR DN S P MR PNIY K 0
FARE P G2, BT BORPREOR, g . B B
B IG R, H B B i S e S A0 L T 0T o7 30 3t~

3.00
2.90
e 280
el
<
E270t
=
< 260
S
250
2400
2 3 45 6 7 8 91011
¢/(107 m)
(b)

7

2 3 45 6 7 8 91011
¢/(107 m)
(d)

Tl A2 I 0T 1 S S 2 )

Influence of bearing radial clearance on the critical speeds

2.90 ¢
285}
T, 2801
B 275}
—
S 270t
\52.65,
2.60
2.55 ‘ ‘ ‘ ‘ ‘ ‘
2 6 10 14 18 22 26
£/(1073 m)
(b)
63.280 -
63.278
T 63276}
T 63.274
-
S 63272}
§63.2707
63.268
63.266 ‘ ‘ ‘ ‘ ‘ ‘
2 6 10 14 18 22 26
£/(1073 m)
(d)

TG R B i SR 4y S

Influence of flat foil thickness on the critical speeds



604 AR BT R 2R A RCH R FE D 50 %
1.48 ¢ 2.90 ¢
1.46 + 285t
| T 2.80
‘v 142 | ln SOV
B 140} B 275¢
"“2 1.38 + '?2 270 +
=136} =
=, 22,65}
2134} S
132} 2.60
1.30 S 2.55 -
2 6 10 14 18 22 26 2 6 10 14 18 22 26
4,/(1075 m) #,/(1075 m)
(a) (b)
. 63.284
24.806 | 63.282 |
- I ~ 63.280 |
", 24802 63278 |
B 24798 | T 63.276
> > 63.274 |
< 24.794 < 63272}
o =
S 54790 | ® 63.270 |
63.268 |
24786 - 63.266 -
2 6 10 14 18 22 26 2 6 10 14 18 22 26
4,/(107° m) 4,/(1075 m)
() (d)
&1 13 I 9 5 B2 XoF i 572 3 1 52
Fig. 13 Influence of bump foil thickness on the critical speeds
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Fig. 14 Influence of bump arch half-length on the critical speeds
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Table 3 Unbalanced mass moment distribution

Case Uy/ (107 kg'm) Us/ (107 kg'm) U,/ (107 kg'm) Upy/ (107 kg'm)

1

2
3
4

10 0 0 0
0 0 0 10
2 3 3 2
2 3 -3 -2
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Influence of Structural Parameters of Combined Bump Foil Radial
Air Bearings on Rotor Dynamic Performance

SHAO Congpeng, LI Shuangmin, WU Yang,
(School of Mechanical and Power Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Taking the rotor system supported by the combined bump foil air bearings proposed previously by the
authors as the research object, this paper carries out an investigation on its dynamic performance. A fluid—structure
interaction model for the combined bump foil air bearings is established by simultaneously solving the Reynolds
equation and the deformation equation of the foil structure. The perturbation method is adopted to solve the dynamic
Reynolds equation and compute the dynamic performance coefficients of the foil bearings. A lumped-parameter model
for the bearing—rotor system is established, and the Riccati transfer matrix method is applied to analyze its dynamic
characteristics. The accuracy of the model is verified by comparing the first six modal frequencies obtained from
hammer impact tests with those from model calculations. On this basis, numerical calculations are performed to explore
the effects of bearing structural parameters—such as radial clearance, top foil thickness, bump foil thickness, and half-
length of bump arches—on rotor-dynamic performance, including critical speed and unbalance response. Within a
certain range, increasing radial clearance and decreasing top foil thickness helps improve system stability. By contrast,
reasonable selection of bump foil thickness and half-length of bump arches can reduce the amplitude of unbalance
response and further promote system stability. This study can offer theoretical guidance for the structural design of
combined bump foil air bearings and matching rotors.

Key words: combined bump foil air bearing; bearing structural parameter; rotor dynamics; numerical

computation; unbalance response
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