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Performance enhancement of the viscous damper combined with

the negative stiffness device for cable vibration control

GAO Hui', WANG Hao', WANG Zhi-hao*, ZHANG Han', NI You hao'
(1.Key Laboratory of Concrete and Prestressed Concrete Structures of Ministry of Education, Southeast University, Nanjing
211189, China; 2.International Joint Research Lab for Eco-building Materials and Engineering of Henan Province,

North China University of Water Resources and Electric Power, Zhengzhou 450045, China)

Abstract: The negative stiffness behavior of a damper can improve its performance for cable vibration control. To explore the per-
formance enhancement effect of the negative stiffness (NS) device on the viscous damper (VD) in mitigating cable vibrations, the
combined effect of the VD and NS for cable vibration control is investigated. The characteristic equation of the cable-VD-NS sys-
tem is established based on the complex modal method. On the basis, the asymptotic solution of the cable modal damping ratio is
derived. The effect of the NS coefficient and the NS location on the modal damping ratio and vibration frequency of the cable is
evaluated. Based on the constrained static output LQR method, the design parameters of the VD for a given NS coefficient for sup-
pression cable multi-mode vibrations are obtained. Furthermore, the effect of the NS coefficient and the NS location on the VD per-
formance in mitigating cable multi-mode vibrations is investigated. The results show that increasing the NS coefficient or the NS lo-
cation can improve the control performance of the VD and reduce the optimal damping coefficient of the VD, including the single-
mode and multi-mode vibrations of the cable. The performance enhancement of the NS on the VD is mainly attributed to the incre-
ment of the NS coefficient or the NS location can amplify the displacement of the VD, which can improve the energy dissipation ca-

pacity of the VD.

Key words: viscous damper; stay cable; multi-mode vibration control; negative stiffness; vibration mitigation performance en-

hancement
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