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Abstract

The behavior of multi-material layered systems under high-velocity impact loads,
such as impact and blast scenarios, has gained significant attention from researchers
over the past years due to its extensive applications in the automobile and aerospace
industries, and ballistic armor and blast resilient structures. The focus is being
shifted to multi-material systems over monolithic systems due to their superior
characteristics in stress attenuation and energy absorption, and high preference for

lightweight structures.

In this research, an attempt has been made to investigate the impact-induced stress
wave propagation through a multi-metallic layered system that is subjected to high-
velocity impact loads. This study consists of two major components. 1) Elastic wave
propagation and 2) Shock wave propagation. For the elastic wave propagation, four
different test cases including a steel monolithic target, steel-titanium and steel-
aluminium bi-metallic targets, and a steel-titanium-aluminium tri-metallic target,
were considered. They were subjected to a low-velocity (180 ms™') impact where
only elastic waves are anticipated to be generated in the target. For shock wave
propagation, only a steel monolithic target was considered which was subjected to
an impact velocity of 350 ms™'. For both cases, numerical and analytical frameworks
were developed to simulate the material response. The LS-DYNA finite element
package was used to develop two-dimensional axisymmetric numerical models, and
it was validated against the existing experimental results obtained from a single-

stage gas gun test which were in good agreement.

The analytical models which were the main focus of the present research were
implemented in MATLAB which monitors and resolves the interaction of each
propagation wave and then provides the overall response of the flyer-target system.
The analytical model was validated against the results obtained from the validated

numerical models considering stress-time histories.

The outputs acquired from the analytical model for elastic wave propagation agree
with that of the numerical model with reasonable accuracy. However, the developed
analytical model for shock wave propagation gives reasonable results only up to the
separation of the flyer and multi-material target where a significant variation can be

identified between results after the separation. The developed models can be used to



find the most optimum configuration in terms of stress attenuation for a given set of
metallic materials which reduces the time and cost associated with high-velocity
impact tests. Also, they can be used to find the required bonding strength to avoid
debonding at material interfaces that cannot be obtained from experiments.

Keywords: elastic waves, shock waves, multi-metallic, numerical modeling, wave
interaction, analytical modeling
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