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SUMMARY

An analytical method is proposed for the random response of the primary mass with an impact
damper having hysteresis damping. The impact damper is one of the dynamic vibration absorbers
in which motion of auxiliary mass is limited by motion limiting stop or placed inside a container.
In actual collision phenomena, energy loss for an impact and duration of collision are not
negligible small. The energy loss and duration of collision can be considered by introducing
hysteresis loop characteristics. In this paper, considering above mentioned points, an analytical
model with hysteresis damping is introduced. The mean square response of the primary mass is
obtained from moment equations introducing equivalent linearization method. As earthquake
excitations, nonstationary filtered white noises, product of envelope function with respect to time
and stationary filtered white noise, are used. Using the proposed method, the random response of
the primary mass with the impact damper having hysteresis damping are compared with those of
the primary mass with the impact damper having no hysteresis damping. It is concluded that the
impact damper having hysteresis damping is more effective for reducing the vibration of primary
mass subjected to earthquake excitations.

INTRODUCTION

For reducing the vibrations of structures and mechanical equipment subjected to earthquake excitations, some
types of the dynamic vibration absorber are used(Kawazoe et. al. 1998, Reed et. al. 1998). An impact damper is
one of the dynamic vibration absorbers in which motion of auxiliary mass is limited by motion limiting stop or
placed inside a container. Many studies on impact damper have been carried out (Masri 1972, Masri and Ibrahim
1973, Davies 1980, Soong and Dargush 1997). The response of the system with impact characteristics which are
motion-limiting constraints or clearance is of great importance for several engineering applications (Moon 1983,
Moon and Shaw 1985). In some papers, an analytical model with energy loss for an impact represented by the
coefficient of restitution is used(Aidanpaa and Gupta 1993). It is assumed that duration of collision is negligible
small in comparison with the whole period of its vibration. However, in some conditions, duration of collision is
not negligible small. The results from the model taking the duration of collision into account coincide more
closely than those from the model neglecting it, with the results from experiment(Watanabe 1989). In other
papers, a model with bilinear restoring force-deformation relation is used where stiffness increases during
collision(Lin 1991). In this model, energy loss for an impact is not considered. Hence, before the behavior of
physical system can be examined analytically, it is necessary to establish an appropriate model for the system.
Generally speaking, the model is based on the result of experimental investigations of actual structures.

The authors proposed that the energy loss and duration of collision can be modelled by assuming hysteresis

loop characteristics in the relation between restoring force and penetration (Watanabe 1984, Aoki and Watanabe
1996).
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In this work, too, they assume that the collision phenomena can be modeled by hysteresis loop characteristics, an
analytical model with hysteresis damping is introduced and an analytical method is proposed for random
response of the primary mass with an impact damper considering energy loss and duration of collision.

Earthquake excitations are nonstationary random processes. The mean square response is obtained for response
of such systems. In this paper, mean square response of the primary mass is obtained from moment equations
introducing equivalent linearization method. As earthquake excitations, nonstationary filtered white noises,
product of envelope function with respect to time and stationary filtered white noise, are used. The maximum
response of the primary mass is also obtained from mean square response.

Using the proposed method, some numerical results concerning the random response of the primary mass with
an impact damper having hysteresis damping are obtained and are compared with those of the mass having no
hysteresis damping.

2. ANALYTICAL METHOD

An analytical model consists of a primary mass m‚P and auxiliary mass m‚Q as shown in Fig.1. This model is
usually used for analysis of impact damper. In order to consider the energy loss for an impact and duration of
collision, the relation between force of restitution and penetration is assumed to be represented by hysteresis loop
characteristics as shown in Fig.2. The equations of motion
are
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