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Analysis of lubrication characteristics of ship stern
bearing considering wear depth and
elastic deformation

ZHAO Ze—yu*, HUANG Qian—wen*’, SHENG Ming—hui*
(a. School of Machinery and Automation; b. Key Laboratory of Metallurgical Equipment and Control Tech-
nology, Ministry of Education, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Based on the analysis of the lubrication performance of the eccentric stern bearing, an elasto—hy-
drodynamic coupling lubrication model for the local wear and stiffness of the stern bearing was established.
The joint program of finite difference method and finite element method was compiled to solve the elastic de-
formation of the bearing, and the mass conservation boundary condition was used to replace the Reynolds
boundary condition. The effects of local wear depth, bearing elastic modulus and other factors on the hydrody-
namic pressure, liquid film thickness, cavitation area and friction law of the bearing were discussed in detail.
The results show that when the local wear depth of rigid body bearing is lower than the threshold value, it is
beneficial for bearing lubrication. When the local wear depth exceeds the threshold value, the maximum hy-
drodynamic pressure, friction force and cavilation area increase significantly. The influence of bearing elastic

deformation on the calculation results cannot be ignored. Elastic deformation and local wear exist at the same
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time, and the change law is basically consistent with the change trend of local wear of rigid body bearings.

Key words: stern bearing; local wear; elastic deformation; lubrication performance; finite element method
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Fig.17 Film thickness diagram of bearing with different local wear depths and elastic moduli
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Fig.19 Maximum hydrodynamic pressure of bearing with different local wear depths and elastic moduli

- — N — . . . _ . 7‘;/-“'
WEHD(h,,,=0.1e, E=1200 MPayZE 0B e 3 WEHD(h,,,=03c, E=1200 MPa)ZE /b e 1)
e 100
250 250
0 o
e 0167 e 0.5
= 150 150 1
& . & —
& B
E 100 = | -0. 3875 ?‘__‘u\ 100 4 0. 06250
oie850 -
50 50
0. 9425 0. 312:
T T T T 1.220 55350,
20 40 60 80 100 20 40 60 80 100
AR (mm) AR (mm)

(a) (b)



1392 MR 27 28 B oW

WEHD(h,,=0.1¢, E=2000 MPa)7s 7T X i} 2R S WEHD(h,,,=0.3¢, E=1200 MPa)Z5 X IXIH 200 1z 7
1. 000 1.000
250 2504
i/ 0. 1412 i’ 0.4356
= 150 150+
:EE -0.14; QBE 0.24
= =
].Hlf 100 A -0.4313 E 100 o
=0T
50 ~1.004 50 -0.3169
T T T T 15250 T T T T
20 40 60 80 100 20 40 60 80 100
A (mm) AR (mm)

(c) (d)
P20 A ARTE AN ] Joy 5 PR 400 % S N MR i 0 2 A DX Bl
Fig.20 Contour plot of cavitation region of bearing with different local wear depths and elastic moduli
2z AL B AR KA T W ZE L, i S 1) il R b s e A% Tl RS 3RE DX A 1 OB 3, s P A A A 2l
AR FEAAN 23U A3 AR X SR AT AR N B
L5 LT IR AR EHD 2505 T 1A Ry 0 B 451 2 R M g 722 s J5 “fﬁ%ﬂ?ﬂt‘bﬁﬁi&}fé’]”‘“{t%}’ﬁi
20 7R ) ES B A TR BE /N T 0.3 IR, A 7 p) 9 T M RE 7 A A i S, T B AR EE S AR ORI I A B T,
PR IX SR Al AR 2 B S B8 00 5 2 SR B R B R A 0.3 B, EE 4B RE I If MR ol R 2 Ab X duk 2 8 3 4, e
ST A 7R JES-ABL M R PS40 3 R A8 R

54 i

A S Sy Sy AU A AR R e ) LSS A B0, RO O R DA 0.1°, I 25 B A el R A i AR
T BT — N ST A A i LSBT T o TR Y i 4 RS [R) 00 (B4 F A, A
TLURJLrighie:

(1) WIS AAE AR R e B AL, AR BT i P BE 2 5 T, fie /N RE I, WAC SR R AR, e R
ARSI R ANEE 8 T80/ 5 >4 PR A0 A PR s o — 2 BRI, BRI T PR BB e R e, B ABE SR A X I8 e
MRS T R DR EE SRR BICHR 2 1, A7 JEABUIIAR A IXUBS: o

(2) B ) ER P A 2 0 10 T 0 T S ), ) L HD S B S RS A8 A AN PT 220, e A i
TR 8 A P R 2% PR AR TE 5 B 7 0 S S ) AR AN B, B S R S5 A O

(3) Fali R A 7o S AR A2 R0 Joy A 450 B U AR S X b R ) o P RE A B A T Y 2 Joy B B 40
TE WEHD S0 28451, Jr v PR 450 % B A8 A S el AR P RE B 52 I ML 15 WHID 25 1728 AR LR AR
— B, BRI AR T EHD BEA51°F- 35 10 31.4% , B KA Bl FE8 0 24% , il RSO 284 IDXCHl g

& £ X #:

[1] Ausas R, Ragot P, Leiva J. The impact of the cavitation model in the analysis of micro—textured lubricated journal bearings
[J]. Journal of Tribology, 2007, 129(4): 868-875.

[2] Sun D, Li S, Fei C, et al. Investigation of the effect of cavitation and journal whirl on static and dynamic characteristics of
journal bearing|J]. Journal of Mechanical Science & Technology, 2019, 33(1): 77-86.

[3] Chen Y, Sun Y, He Q, et al. Elastohydrodynamic behavior analysis of journal bearing using fluid—structure interaction con-
sidering cavitation[J]. Arabian Journal for Science & Engineering, 2019, 44(2): 1305-1320.

[4] Jamari J, Muchammad M, Hilmy F, et al. Effect of inertia on the cavitation phenomena of hydrodynamic textured bearings

considering slip[J]. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 2019, 41(9).



559 31 AR TR R R TR 5 AT RO MAR - 1393

[5] Conway D, Lee C. The analysis of the lubrication of a flexible journal bearing[J]. Journal of Tribology, 1975, 97(4): 599-604.

[6] Xiao C, Tang H. Elastohydrodynamic lubrication characteristics of surface—textured slipper bearing in an axial piston pump
[J]. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 2020, 42: 199.

[7] Shenoy S, Pai S, Rao S, et al. Elasto—hydrodynamic lubrication analysis of full 360 journal bearing using CFD and FSI tech-
niques|J]. World Journal of Modelling & Simulation, 2009, 5(4): 1746.

[8] Tauvigirrahman M, Jamari J, Bagir M, et al. Elastohydrodynamic behavior analysis on water—lubricated journal bearing: A
study of acoustic and tribological performance based on CFD—FSI approach[J]. Journal of the Brazilian Society of Mechani-
cal Sciences and Engineering, 2022, 44(1): 1-19.

[9] Wang Y, Yin Z. Tribological properties of ultrahigh-molecular-weight polyethylene (UHMWPE) composites reinforced with
different contents of glass and carbon fibers[J]. Industrial Lubrication and Tribology, 2018, 71(479): 22-30.

[10] VT2, BRFHE, & 55, 2 . I8 SRS 0K T B SO R SRS AT )], AR 727, 2020, 24(11): 1443-1452.
Wang Shengtong, Ou Yangwu, Jin Yong, et al. Analysis of static characteristics of wave bearings considering elastic defor-
mation|J]. Journal of Ship Mechanics, 2020, 24(11): 1443-1452.

[11] Dufrane F, Kannel W, Mccloskey H. Wear of steam—turbine journal bearings at low operating speeds|J]. Journal of Tribolo-
gy, 1983, 105(3): 313-317.

[12] Machado H, Alves S, Cavalca L. Investigation about journal bearing wear effect on rotating system dynamic response in time
domain|J]. Tribology International, 2018, 129: 124-136.

[13] Sharma S, Awasthi K. Performance of hydrodynamic journal bearing operating under transient wear[J]. Mechanics and Me-
chanical Engineering, 2020, 22(1): 153-170.

[14] Liu G, Li M. Lubrication characteristics of water—lubricated rubber bearings with partial wear[J]. Journal of Fluids Engineer-
ing, 2019, 142(2): 1-10.

[15] KRBTV, VLT, 2 4. 25 08 R BRSO RN 25 AL 00N, A2 1) 1 Sl R G i T A0 A (], AR LT R 228 4t FARRL#
JiL, 2020, 48(8): 102-107.

Song Xintao, Sun Shiqing, Wu Wei. Mixed—lubrication analysis of journal bearing considering local wear and cavitation ef-
fect[J]. Journal of South China University of Technology (Natural Science Edition), 2020, 48(8): 102-107.

[16] k8. TF ARSI T St i R SRS B 5T (D). K: SR, 2018.

Gui Chao. Study on lubrication and temperature performance of textured journal bearing considering cavitation effect[D].
Chongqing: Chongging University, 2018.

[17] Ferreira A, Fantuzzi N. MATLAB codes for finite element analysis|M]. Springer, 2020.

(1812 J&, i 75, AR, 45 5URHh U 10] 1z 2] RS 2 T 45 16] 1 s b e 1V BE A9 2 i B 5T [J]. HLAR TR 27412,
2019, 55(21): 88-97.

Li Biao, Sun Jun, Zhu Shaoyu, et al. Influence of the axial movement of misaligned journal on lubrication performance of
journal bearing with rough surface[J]. Journal of Mechanical Engineering, 2019, 55(21): 88-97.

[19] Gao G, Yin Z, Dan J, et al. Numerical analysis of plain journal bearing under hydrodynamic lubrication by water|[J]. Tribolo-

gy International, 2014, 75: 31-38.



