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Research on vibration characteristics of bionic limb-like
quasi-zero stiffness isolation system

LIU Haichao, YAN Ming, JIN Yingli, SUN Ziqiang, WANG Kaiping, YANG Ning
(Engineering Research Center of Impact Protection and Damage Assessment Technology in Liaoning Province,

Shenyang University of Technology, Shenyang 110870, China)

Abstract: In the field of low-frequency vibration isolation, aiming at the issues of insufficient bearing capacity of linear system and
stiffness hardening and instability caused by nonlinear jump of traditional quasi-zero stiffness vibration isolation system, a mechani-
cal model of the bionic limb-like quasi-zero stiffness isolation system was established by using the bionic limb-like structure as the
negative stiffness element and the positive stiffness spring in parallel. The static characteristics of the system were analyzed; A dy-
namic model was established based on the Lagrangian equations, and the harmonic balance method was used to analyze the dynam-
ics equations of the system analytically; Through theoretical analysis and experimental research, the isolation characteristics of lin-
ear and traditional quasi-zero stiffness isolation system and bionic limb quasi-zero stiffness isolation system were compared and ana-
lyzed, as well as the influence of excitation amplitude on the isolation performance and stability characteristics of the system. The
results show that compared with the linear system and the traditional quasi-zero stiffness isolation system, the bionic limb-like qua-
si—zero stiffness isolation system not only ensures the system has a higher bearing capacity, but also effectively reduces the displace-
ment transmissibility and expands the vibration isolation through the design of structural parameters. The frequency bandwidth im-

proves the stability and vibration isolation performance of the system in complex excitation environments.
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Fig.3 The relationship diagram of the bionic limb structure

before and after deformation
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stiffness of bionic limb structure with displacement
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Fig.5 The variation curves of dimensionless force and

stiffness of composite structure with displacement
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Tab.2 The calculation parameters of vibration isolator

P TN Qzs P =R Qzs
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Fig. 10 The comparative analysis of vibration isolation

performance of three vibration isolation systems
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Fig. 11 The influence of excitation amplitude on the

transmissibility characteristics of vibration isolation

system with different quasi-zero stiffness
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cal calculations
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