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Study on damping performance of non-ideal particle inerter sytem
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Abstract; This paper, the existence of non-ideal inerter damping is considered, couples the particle tuned mass damper
and the inerter system (inerter unit and damping unit in parallel) to propose a new damping system ( Particle Inerter
System, PIS) . Firstly, the dynamic response characteristics of the inerter system are analyzed under harmonic
excitation ; then, the motion control equations of the PIS based on the single degree of freedom structure are established ,
the damping performance of PIS and PTMD under seismic excitation is compared and studied ; finally, El Centro wave is
used as an example to analyze the damping mechanism of PIS, and the influences of inertance-mass ratio and damping
coefficient on the control effect of PIS are obtained. The results show that PIS has great damping performance under
different seismic excitation and better damping effect compared with PTMD, which can effectively suppress the vibration
of single-degree-of-freedom main structure. Under the excitation of El Centro wave, the peak value and root mean square
damping advantages of PIS are more than 26%, the working stroke of the damper is reduced by 47. 54% and the energy
dissipation efficiency of the damper is higher compared with PTMD, thus achieving the lightweight design of PTMD with
high performance requirements. Furthermore, as the inertance-mass ratio increases, the control effect of PIS tends to
increase, while the damping factor is the opposite.
Keywords: particle tuned mass damper; inerter system; particle inerter system; damping performance;
lightweight design
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Fig. 4 Hysteresis curves of inerter system
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Table 1 Damping effects of PTMD
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Fig. 5 Nonlinear force function

for particle-cavity wall collision
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