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THE LARGE VISCOPLASTIC DEFORMATION

OF A RING SUBJECTED TO LATERAL
IMPULSIVE LOADING

Zhang Tieguang
(Taiyuan University of Technoflogy)
Guo Xiaogang

(Taiyuan Waorker' s college)

ABSTRACT Based on a rigid-viscoplastic constitutive relation and quasi-static large
deformation mode [ 51 of tubes and rings compressed between flat plates. this paper
provides a quantitative analysis to the large deformation process of a ring supported
on a plate which is struck by a dropping hammer on its top. This analysis fakes
account of both the strain-rate effect and strain hardening simultaneously by using the
concept of effective plastic hinge length.

In fact, the model of the dynamic large deformation is a six-hinge one. This svs-
tem is of one-degree-of-freedom, and the bending moments M, and M. can be re-
garded at hinges as active. The differential equation of motion of the system can be
obtained by the Lagrange’s edquation of the second kind, and the initial condition by
the Lagrange’s equation in the case of impulsive loading.

The values of M, and M, depend on the constitutive relation adopted. Assume that
1) the material is rigid-viscoplastic, and the elastic effect is neglected; i) the ratio
between the thickness and the radius of the ring t/R<« 1, the effects of axial and shear
forces on yield are neglected; and iii) the behaviour of material is independent of the
history of its strain-rate, the constitutive relation is used to represent the change in
yield stress with strain rate for a strain hardening material, o=0,(e) +a,(&/c)' 7.

For examination of this model, the procedure for the calculation of the dynamic
response is given and numerical examples are shown in order to make a comparison
with the experimental results reported in { 97 and {117 .The analysis indicates that the
strain-rate factor plays a important role in the initial period of the motion. and the
strain hardening factor in the later period of the motion. In addition, the selection
of the effective plastic hinge length 1 may also effect the numerical results.

KEY WORDS ring. rigid-viscoplastic, dynamic response.energy absorbing devices.



