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Research on self-excited vibrations induced by
friction in ship stern tube seals

ZOU Dong—lin'"*", XUE Lin'*", LIN Qiang®, YANG Yu—ze''", TA Na'*'"*, RAO Zhu—shi'*"
(1a. Institute of Vibration, Shock and Noise; b. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao
Tong University, Shanghai 200240, China; 2. China Ship Scientific Research Center, Shanghai Branch, Shanghai
200011, China)

Abstract: The stern tube seal of a ship often generates abnormal vibration and noise due to the friction
excitation between the static ring and the dynamic ring. Through shipboard testing, it was found that this
abnormal vibration appears in the form of the torsional vibration natural frequency of the static ring and its
harmonics in the vibration spectrum. In order to reveal the cause of this phenomenon, this paper establishes a
nonlinear torsional vibration analysis model for the stern tube seal considering the contact-friction effect
between the static ring and the dynamic ring. The influence of parameters such as shaft system rotational
speed, friction coefficient, Q spring preload, Q spring torsional stiffness, and structural damping ratio on the
vibration of the stern tube seal was studied using multiscale method and numerical simulation. The results

show that when the equivalent damping ratio induced by the friction excitation is smaller than the structural
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damping ratio, the static ring of the stern tube seal will exhibit friction-induced self-excited vibration, that is,
the occurrence of the torsional vibration natural frequency of the static ring and its harmonics in the vibration
spectrum. Increasing the Q spring preload, and increasing the difference in static and dynamic friction
coefficients between the static ring and the dynamic ring, or reducing the rotational speed of the shaft system
and the torsional stiffness of the Q spring will make the static ring more susceptible to friction-induced self-
excited vibration. Increasing the structural damping ratio can effectively suppress the friction-induced self-
excited vibration of the static ring. Finally, this paper provides a critical formula for the occurrence of
friction-induced self-excited vibration in the static ring. This research has important guiding significance for
the design and maintenance of stern tube seals.

Key words: stern tube seal; self-excited vibration; abnormal vibration; multiscale method; friction excitation;

torsional vibration
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