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Friction-induced vibration stability of ship bearing-shaft system
using modal-coupling theory
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(a. School of Mechanical Engineering; b. Key Laboratory of Metallurgical Equipment and Control Technology, Ministry of
Education, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: The propulsion shaft system of a ship is a critical component of the powertrain, subjected to direct
contact between the shaft and bearing under various operating conditions, such as low speed, heavy load, and
startup/shutdown phases. These conditions can lead to friction-induced vibrations and even result in issues
such as flutter and noise. In this paper, a four-degree-of-freedom coupled model of the ship propulsion shaft
system is developed on the basis of modal coupling theory to investigate the modal coupling phenomenon in
detail. A combined complex modal analysis and the fourth-order Runge-Kutta method are applied to analyze
modal coupling instability and identify the critical friction factor. The results indicate that the minimum
critical friction coefficient is a crucial parameter influencing the stability of the system. The impact of both
proportional and non-proportional damping conditions on the critical friction coefficient is examined.
Furthermore, the effects of various damping parameters on the modal coupling instability of the system is
summarized. These findings provide important theoretical support for vibration control and stability

optimization in propulsion shaft systems, significant value for advancing theoretical models and optimizing
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practical engineering applications.
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Fig.14 Effect of damping ratio on critical friction factor
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Fig.15 Effect of shaft damping parameters on the system under non-proportional damping
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Fig.16 Effect of bearing damping parameters on the system with non-proportional damping
A
54 i

R TR BIE, AR SO T BHJEXHTARHE SR R AR S R S AR MR R . BTSSR
BHLJE BC B0 2R GERGE AT B30, d/ NI B RO D E R ENE I S R X — 25 AU
FE THEISHTIE, I R A BT S AR T HEOR SR . BETASCRIBT T A B A LU
451t

(1) RGERYFFAESRARFIERE S AR A R R B e 26 F T R R AE . BLE ML B X R Gk
PEAT 25, R fr N S EE SR DR A E R Gee e v PR BB o

(2) fELCBIRREM BT, ZR ST S EE 35 D KR REL S L pg 3 R 2 2 5 s o 3k i BELE A g BELE
4 L f51) 28 08 I, i SR DRSO S I 8, 2R G R AR S T

(3) AR L BIREIE A5 T, S o il st R O BHJE SO R GERE TR .35 . RGETE R L
ERSPNRRIIER S GOES LS SV

ETRESHE BIE, o] LU R G MRt i 22 5 MR R 58 b 22000 B ARSIV ER &
SN o PE A RELE P, ANRERS 2 BT R A ARRUE N, 38 T LA RO/ MRS o AR, 7E 5P
B T AT, e S Z Z RN . AR X — R 2, RARBEFE ] BE— P45 ST IR | R
APEAFE N R, TR 5 B SOV RE S 08T, AR AR 751X 28 PR 3R Sl S RGEARE PR 3R]
YERIBL .

2 £ X

[1] Peng E G, Zheng L L, Tian Y Z, et al. Experimental study on friction-induced vibration of water-lubricated rubber stern
bearing at low speed[J]. Applied Mechanics and Materials, 2010, 44—47: 409—413.

(2] TEoACR T7 BER, 5 . A A Sl R B TAR R 0 A (0], AT S, 2011, 6(1): 78-81+85.
Shen Y F, Fang C Y, Cao H T. Performance characteristics analysis on the shaft bearing of propeller[J]. Chinese Journal of
Ship Research, 2011, 6(1): 78-81+85. (in Chinese)

[3] Z5/NZE, R DUAE, A 2R, S5 A IR AR Al 7 I 11 B8R 4R e 8 2007 %o iy 2R I e 4 20 R 52 W) 19 43 BT[] AR 2,
2019, 23(7): 851-858.
Li X J, Zhu H H, Fan S D, et al. Influencing law research of stern journal bearing’s stiffness and propeller’s gyroscopic effect
on whirling vibrationof the ship propulsive shafting[J]. Journal of Ship Mechanics, 2019, 23(7): 851-858. (in Chinese)

4] ¥ 1R, TR, M 28, 45 . A8 1w 9% Sl R AR K i T il 4 B8 452 80 0 2 R R (0], T 5 5 2, 2023, 48(11): 95-104.
Yang J, Tian J B, Yu J P, et al. Tribo-dynamics characteristics of water-lubricated bearings under transverse vibration[J].
Lubrication Engineering, 2023, 48(11): 95-104. (in Chinese)


https://doi.org/10.3969/j.issn.1007-7294.2019.07.011
https://doi.org/10.3969/j.issn.1007-7294.2019.07.011

612 WEAR 127 5530 555 410

[5] Tsongas K, Tzetzis D, Mansour G. Mechanical and vibration isolation behaviour of acrylonitrile-butadiene rubber multi-
walled carbon nanotube composite machine mounts[J]. Plastics, Rubber and Composites, 2017, 46(10): 458—468.

(6] AL, BROLHE, SENA, 55 AEPUREE A W 3h S Buth 2Ll i B 52 [7]. #2305 nhid, 2024, 43(14): 73-79.

Feng X H, Chen G X, Dong B J, et al. Curve squeal caused by the wheel-rail friction induced self-excited vibration[J].
Journal of Vibration and Shock, 2024, 43(14): 73-79. (in Chinese)

(7] S50, 2 e, XUTE AR, S5 ORI AR A 22 S8 5 R R 5 3 ) 2 B S R (0], A 027, 2013, 17(4): 439-449.
Yan X P, Li Z X, Liu Z L, et al. Study on coupling dynamical theory for interaction of propulsion system and hull of large
ships: A review[J]. Journal of Ship Mechanics, 2013, 17(4): 439-449. (in Chinese)

[8] Z5/INe2, Wk HLJU, oy L, A 25 5 T B A0 0 M X B S G R ARE R 8 9 B2 A [T, BLAR TR 2% 4, 2017, 53(5):
116-127.

Li X P, Pan W J, Gao J Z, et al. Influence of surface topography characteristics on mode coupling instability system[J].
Journal of Mechanical Engineering, 2017, 53(5): 116—127. (in Chinese)

O] #Iu, F/NE, £ T, A 454 Il e X BS R G ARRE PR R (0], PR3 S e, 2017, 36(17):
16-20+41.

Pan W J, Li X P, Wang X, et al. Effects of contact damping of joint surfaces on instability of a mode-coupled system[J].
Journal of Vibration and Shock, 2017, 36(17): 16-20+41. (in Chinese)

(107 X1 I M, {158 3 . B TR 250 5 55 1 BELJE B0 A i mf M 75 A BIF 52 (). AILAR TR~ 412, 2022, 58(10): 254-264.

Liu X G, Wu J B. Investigation of squeal noise based on mode coupling and negative damping theory[J]. Journal of
Mechanical Engineering, 2022, 58(10): 254-264. (in Chinese)

[11] Kang J, Krousgrill C M, Sadeghi F. Comprehensive stability analysis of disc brake vibrations including gyroscopic,
negative friction slope and mode-coupling mechanisms[J]. Journal of Sound and Vibration, 2009, 324(1-2): 387-407.

[12] Hoffmann N, Gaul L. Effects of damping on mode-coupling instability in friction induced oscillations[J]. ZAMM—Journal
of Applied Mathematics and Mechanics / Zeitschrift fiir Angewandte Mathematik und Mechanik, 2003, 83(8): 524-534.

[13] Hoffmann N, Fischer M, Allgaier R, et al. A minimal model for studying properties of the mode-coupling type instability in
friction induced oscillations[J]. Mechanics Research Communications, 2002, 29(4): 197-205.

[14] Charroyer L, Chiello O, Sinou J J. Parametric study of the mode coupling instability for a simple system with planar or
rectilinear friction[J]. Journal of Sound and Vibration, 2016, 384: 94—112.

[15] Lin C G, Zou M S, Sima C, et al. Friction-induced vibration and noise of marine stern tube bearings considering
perturbations of the stochastic rough surface[J]. Tribology International, 2019, 131: 661-671.

[16] Wu C, Shang D J, Xiao Y, et al. Analytical expressions of friction-induced self-excited vibration amplitudes of the marine
rubber bearing-shaft system[J]. Journal of Low Frequency Noise, Vibration and Active Control, 2023, 43(1): 20—40.

[17] Yang N, Moradi Z, Arvin H, et al. A study on small scale thermal dynamic instability of rotating GPL-reinforced
microbeams under principal parametric resonance stimulation of axial and transversal modes regarding the proportional
damping[J]. Thin-Walled Structures, 2022, 180: 583—594.

(18] WP, 2 iy, XUAF . — bl L 9] i 784 BELJE 588 R A RMUREAR 2t 2 B v (9 02 JH (9] T8 J32%, 2018, 35(11):
162—171.

Cao ST, LiZ S, Liu F J. A non-proportional modal damping model and its application in nonlinear analysis of large-scal
structures[J]. Engineering Mechanics, 2018, 35(11): 162—171. (in Chinese)


https://doi.org/10.1080/14658011.2017.1391975
https://doi.org/10.13465/j.cnki.jvs.2024.14.009
https://doi.org/10.13465/j.cnki.jvs.2024.14.009
https://doi.org/10.1016/j.jsv.2009.01.050
https://doi.org/10.1016/S0093-6413(02)00254-9
https://doi.org/10.1016/j.triboint.2018.11.026
https://doi.org/10.1177/14613484231190261

	0 引　言
	1 动力学模型
	2 模型验证
	3 多自由度模型分析
	4 参数分析
	4.1 比例阻尼的影响
	4.2 非比例阻尼的影响

	5 结　论
	参考文献

