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Analysis of mass and friction effect of negative stiffness mechanism
of rhombic HSLDS vibration isolator

YUAN Yijie, JI Ming, ZHANG Weiguo, YI Xingguo, WANG Yi, SHI Daoyun
(Xi’an Institute of Applied Optics, Xi’an 710065, China)

Abstract: Taking high static low dynamic stiffness (HSLDS) vibration isolator with rhombic negative stiffness
mechanism (rthombic HSLDS isolator) as research object, the equivalent friction model of negative stiffness
mechanism was established by virtual work method, and the kinetic equation with factors of negative stiffness
mechanism mass and friction was established by Lagrange method. The kinetic equation was solved by
harmonic balance method (HBM), the influences of negative stiffness mechanism mass and friction on
vibration isolation and optimization measures were analyzed, and the rationality of theoretical model was
verified by the prototype. The experimental results show that the mass and friction of negative stiffness
mechanism have adverse effect on vibration isolation and should be reduced. Connecting the shorter rod side of
negative stiffness mechanism to the end of load platform can reduce influence of the negative stiffness
mechanism mass on vibration isolation performance in higher-frequency range. Under condition that stiffness
parameters of isolator and contact parameters of hinged pairs are fixed, and the stiffness and friction are
satisfied simultaneously, the vibration isolation performance in low-frequency range can be optimized by
increasing the rod length difference, and can reduce the influence of negative stiffness mechanism friction on
vibration isolation in high-frequency range.
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Fig. 4 Equivalent friction geometric nonlinear analysis
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mechanism

e fikemm fHKbmm kAN N 40 @ B

1 60.3 49.2 0.61 430 575 0.06 0.97 0.027
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3 9.00 3.07 9.11 3.25
4 8.73 2.50 9.14 2.98
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