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Finite element analysis of seismic performance of negative stiffness NES

shock absorbers
PANG Sen', JIANG Zihang', LIU Kening’, WU Yuanyuan’
(1. Beijing Zhongjian Building Research Institute Company Limited, Beijing 100076, China;2. School
of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: In order to broaden the frequency variation range of nonlinear energy sink (NES), based on the
principle of negative stiffness, a negative stiffness system is constructed by pre-compression springs, and a
horizontal negative stiffness NES shock absorber is designed. Numerical simulation of negative stiffness NES
shock absorber using ABAQUS finite element software to analyze the effects of length-width ratio of spring
stroke, pre-compression, stiffness and damping ratio on the seismic performance of negative stiffness NES shock
absorber in the state of no friction on the guide rod and no lateral buckling of the spring. The results show that
increasing the pre-compression of the spring can improve the seismic performance of the shock absorber under
the condition of fixed length-width ratio of spring stroke; under the condition of fixed spring pre-compression, as
the length-width ratio of spring stroke increases, the bearing capacity of the shock absorber gradually decreases,
and the seismic performance decreases. The increase in spring rate and damping ratio can significantly increase
the bearing capacity of the shock absorber and improve the seismic performance. The research results provide a
reference for the engineering application of negative stiffness NES.
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Fig.1 hysteresis model of shock absorber with negative

stiffness introduced
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Fig.2 stiffness of the main structure and the hysteresis curve

of the coupled shock absorber system
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Fig.4 variation of power amplification factor with frequency ratio
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Fig.5 solid model of negative stiffness NES shock absorber
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Fig.14 hysteresis curves of the oscillator under different spring pre-compressions
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Fig.16 hysteresis curve of the oscillator under different spring wire diameters
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Fig.17 hysteresis curves of oscillator under different spring damping ratio
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