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ABSTRACT

In this paper, the transition probability density functions
between response velocity and response displacement in
nonlinear vibration systems which have the restoring force
characteristic of a cubic equation are governed by the
Fokker-Planck Equation. The experimental probability
density functions are compared with analytical results. The
analytical model of the cubic equation as Duffing Equation
is proposed by the restoring force characteristic of the
nonlinear vibration system with gaps in the experiments.
However, a slight difference for the frequency range of the
transfer function was shown by simulation results. Then, it
is considered using transition probability density functions
in the response characteristic. For stationary random input
waves, the probability density function between the
response displacement and the response velocity are easily
estimated by the Fokker-Planck Equation and the Duffing
Equation. The slight difference of the transfer function of
the response acceleration is evaluated by the scattering of
the restoring force characteristic estimated by the
probability density function and self-natural frequency
curve. The R.M.S. value and the transfer function of the
experimental results are compared with the analytical
results. It is thought that the estimation of the probability
density function of the response has validity. It is thought
that the evaluation of the nonlinear vibration characteristics
by the probability density function is valid.
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INTRODUCTION

Piping systems in nuclear power plants are supported by
pipe support systems. A piping system with a gap between
the pipe and the support has nonlinear vibration
characteristics of after collision under an earthquake. The
characteristics of the nonlinear vibration under an
earthquake or random noise are very complex and difficult,
but it is a matter of great importance to seismic design.

T. Fujita [1], [2] was researching for the transition
probability density function between the velocity and
displacement of the one-degree-of-freedom  nonlinear
vibration system under nonstationary random noise using
the Fokker-Planck Equation.

T. Iwatsubo [3] calculated a nonstationary response from
the vibration of a vertical type pump in a nuclear plant by
the Fokker-Planck Equation, and is considering the
measurements of gaps and the position of gaps by
statistics values.

For random nonlinear vibration, in order to estimate
statistic values, T. Mochio [4] calculates probability density
functions using the Fokker-Planck Equation. The model of
stiffness of a nonlinear vibration system with gaps uses the
Duffing Equation. The density function from the simulation
analysis results and the theoretical results are compared.

In their latest paper, S. Tamura, K. Kimura, et al. [5] are
accelerating the calculation of response probability density

functions on stationary random processes for the
Fokker-Planck Equation using the multiplex lattice
approach.
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