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Table 1 Parameters of bearing structure
r/m ¢/m hp/m Op/rad tp ty/m L/m Ly/m S/m I/m E/Pa
0.014 1.0x10™ 7.0x107 0.7298 1.0x10™ 0.025 1.0x1073 4.18x107° 1.83x107° 2.07x10"
-_-;-rr:Bj,. R IR T S ol 7 P 2 B0 S
: DT ERFTR. ATE N, BEOPRRIE o K, Bk
: L BURSS RE BRI SRR I A 4
L I m—p—— S——— —— Eﬁ Ko AR BRI, AR 37 - 9 V5 8 4 R
phase phase = PR, BERE A R TH i AR BRE T 5 AR 9 R ERR
BT R R 1 0 4T
L =S e SR 3) R TG R B R
Sln) Sem @ | el mae g o) = FERE , AT el -l AR A B v ) R R BE g, ELIRD 12

Ko AR s 5 At

Fig. 9 Voltage signal interface of sensors

F14 235 2 3 W 39 RV 9 58 A 2 e o JBE 4% 0 4 1 3

*2 HEEISH
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(d) Side leakage flow
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Fig. 15 Influences of half length of bump on bearing performance parameters at different speeds

1.40x10° -
1.35x10° -
<
&
o 130105}
1.25%10° +
1.20x10° . . . . .
1.2 1.4 1.6 1.8 20 22
I/mm
(a) Maximum gas film pressure
1.65}
M e -
1.50 e
. e
£ 135} T,
é \ﬁ
<120
""7\*’\&,,
1.05 | ..
1.2 1.4 1.6 1.8 20 22
//mm
(c) Friction torque
& 15
Ay
4 %

(DA, T — M 8L G it e =
SRR AR SEL T MR R AR 52 )
PEAT S ARG 0 AR, A T R A R e R
PR L

(2) 38 3 AR S i 7 B R BB SR, DP9 T
SEGE R AR TERE . S5 R R, BE O T S 1
K, e R Ty ARE ) . BEE 00 | AR sk I
EIIE R B D 9 TR BB K, B R g | R R
T3 BEAE AR L S A I I ARG K Bl i v
R, B KA 7 563G KRG 08/0N, 38 07 | R4
T AR I e X HE K BE I LA R R
I KA Ty L 7R3 B R AR 3
/N

W,

S 3Lk

[1] HESHMAT H, WALOWIT J A, PINKUS O. Analysis of
gas-lubricated foil journal bearings[J]. Journal of Lubrica-
tion Technology, 1983, 105(4): 647-655.

[2] KU CPR, HESHMAT H. Compliant foil bearing structur-
al stiffness analysis. Part [ : Theoretical model including
strip and variable bump foil geometry[J]. Journal of Tri-
bology, 1992, 114(2): 394-400.

[3] XUHIJ, YANG J P, GAO L, et al. The influences of bump
foil structure parameters on the static and dynamic charac-
teristics of bump-type gas foil bearings[J]. Proceedings of
the Institution of Mechanical Engineers, Part J: Journal of
Engineering Tribology, 2020, 234(10): 1642-1657.

(4] VPSR, &7, PR, 5. 2 B T RIE s R <R
FRIRIE A BE R BUEI ST (7). AR E TR 2274 (A
SRBLERR), 2020, 46(2): 293-300.


https://doi.org/10.1115/1.3254697
https://doi.org/10.1115/1.3254697
https://doi.org/10.1115/1.3254697
https://doi.org/10.1115/1.2920898
https://doi.org/10.1115/1.2920898
https://doi.org/10.1115/1.2920898
https://doi.org/10.1177/1350650120912609
https://doi.org/10.1177/1350650120912609
https://doi.org/10.1177/1350650120912609

128 R T R ROA KRB O 514

(5] VPG, W, LR D E R ARG o R v v g nonlinearity[J]. Journal of Tribology, 2022, 144(12):
AOEEDFIE (], AR TR 2R (A RBHAR), 2021, 121001.
47(1): 101-109. [11] LICL,DUIJJ, LILJ, et al. Investigations on the frictional
[6] HESHMAT C, XU D S, HESHMAT H. Analysis of gas hysteresis effect of multi-leaf journal foil bearing: Model-
lubricated foil thrust bearings using coupled finite element ing, predictions and validations[J]. Lubricants, 2022,
and finite difference methods[J]. Journal of Tribology, 10(10): 261.
2000, 122(1): 199-210. [12]  SONG C, BIAN Z, DU ] J, et al. Research on static charac-
[7] ZHOU ZY,JIAHK, YIN B F. A fully coupled 3D elast- teristics of elastic foil gas thrust bearing applied to aero-
ohydrodynamic model built with MITC element for static nautical ACM([C]. Journal of Physics: Conference Series,
performance analysis of gas foil bearings[J]. Industrial Lub- 2022, 2235(1): 012078.
rication and Tribology, 2022, 74(7): 765-773. (13]  RFIH. #rkJ24 M) 5 3 . Jbat: S5 HFE Rt
[8] ZHAO X, XIAO S. A finite element model for static per- 2016.
formance analysis of gas foil bearings based on frictional (14]  Joizics®, $972 K. AR F12F (M), JE 5T WA 2R it
contacts[J]. Tribology Transactions, 2020, 64(2): 275-286. 2020.
[9] ZHAO X, XIAO S. A three-dimensional model of gas foil (15] Pl JeibdE e SR sl el kB oR K T AR A (M]. b
bearings and the effect of misalignment on the static per- Bl AL, 2022.
formance of the first and second generation foil bearings[J]. (16] IR, VEmidE. PP (L)[M]. dUET: Jb Rt A ikt
Tribology International, 2021, 156: 106821. 2020.
[10] ZHANG Y, XIAO S. A simplified model for numerical (17]  EZN, oAk, TS, vl 5 48 S AT ot 5 5t 9 U
investigation of bump-type foil bearings based on contact HRFAR (M), U BR2E T AL, 2011,

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

SHAO Congpeng', XU Haojie?, LI Shuangmin', AN Qi
(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237,
China; 2. Yangtze Delta Region Institute of Tsinghua University Zhejiang, Jiaxing 314000, Zhejiang, China)

Abstract: In the current research on air foil bearings, the flat foil is simplified by the beam model and the coupling
relationship of the flat foil deformation in the axial direction is neglected, resulting in limited calculation accuracy. A
mechanical model of air foil bearing based on thin plate bending theory and considering the comprehensive elastic
deformation of flat foil is established, which realizes more accurate calculation of foil deformation and force. Combined
with the Reynolds equation, a fluid-solid coupling algorithm that can calculate the mechanical properties and
lubrication performance of air foil bearings is constructed. Through the actual test, the test and calculated values of
eccentricity and friction torque are compared, and the reliability of the established calculation model is verified. On
these bases, combined with a set of example parameters, the performance of air foil bearings is studied in depth. The
influences of speed and load on bearing performance parameters are obtained. The influences of bearing structure
parameters such as flat foil thickness, bump foil thickness, bump arch height and half length of bump on the
performance of air foil bearing are studied.

Key words: air foil bearing; comprehensive elastic deformation; mechanical property; lubrication performance;

fluid-solid coupling algorithm
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