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Critical Damping Design of Vibration Isolation Systems
with Fractional Order Inerter
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Abstract : The dimensionless dynamic model is established to analyze the nonlinear vibration isolation system
characteristics of the hydraulic inerter with fractional derivatives. In the case of undamped control, the influence of the
parameters on the performance of the vibration isolation system is compared and discussed through the specific index of
force transmissibility. The results show that the fractional order inerter can reflect the multiphase characteristics of the
hydraulic inerter, namely it has both inertia and damping effects. Compared with the integral order inerter, it has some
advantages in vibration isolation effect, but it can’t effectively suppress the nonlinear effect either. Considering the special
case of the system with fractional derivatives, the design process of fractional order critical damping is introduced in detail.
The simulation results show that the designed critical damping can ensure the monotonic decrease of free vibration of the
system, and the nonlinear effect can be better suppressed than that of the integer order inerter when the nonlinear term is
considered.
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