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ANALYSIS OF OBLIQUE IMPACT OF A VIBRATING SYSTEM OF
TWO DEGREES OF FREEDOM "

Han Wei  Hu Haivan  Jin Dongping
[ mstitite of Vidmtion Enginesring Heseorch, Nanging Undversity of Aenonaudics & Astronautics, Naonging 210006, i)

Abstract A crucial issue in studying the dynamics of an oblique-impact vibrating system is to establish a
simple, but reasonable impact model and a right computational method for the relation between pre-impact
state and post-impact state. In this paper, an attempt is made to propose a uniform numerical method so as
to describe the oblique-impact process of two elastic bodies in a system of multiple degrees of freedom and to
lay the groundwork for the dynamic analysis of the oblique-simpact vibrating systemn.

When the ingtantancous impact is assumed and the friction between two contact surfaces is taken into
account, there may exist the reverse of rdative micro-glip or its trend in tangential direction of the contact
when oblique-impact occurs. Thus, the rdation between predmpact state and postHimpact state cannot be
described by using any simple impact laws, such as Newton's law or Poisson’s law. To attack this problem,
a munerical method, referred to a8 the incremental impulse method, is developed in this study. The method
enables one to judge the direction of tangential micro-slip and to determine the state of the system at each
incranmtal step of both normal impulse and tangetial frictional impulse such that the pessible reverse of
rddative micro-slip due to friction can be properly determined.

An obligpe-impact vibrating system of two degrees of freedom, composed of a spring-pendulum and a mass-
spring oscillator, is used to illustrate the mumerical method and some technical details. To verify the numerical
method, the relation between predimpact state and post-impact state of this system is analyzed in closed form
and all possible cases of the tangential impact motion are discussed in detail. The analytical relation between
presimpact state and post-impact state is derived in three cases when the reverse of micro-slip occurs within the
normal approach phase or within the restitution phase in impact process, or it does not show up in the impact
process. A comparison between the numerical results and the analyvtical results indicates very gpod agrecment.
Compared with the analytical expressions applicable to a few of special vibro-impacting systemns, the numerical

method provides a widely feasible way for solving the oblique-impact problems of various dynamic systems.

Key words  oblique impact, friction, codfficient of restitution, numerical method
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