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CRITICAL CONDITIONS AND OPTIMAL DESIGN OF CLOSED-CELLED
ALUMINUM FOAM PROTECTION UNDER LOW VELOCITY IMPACT

Binchao Li Guiping Zhao®
(* MOE Key Laboratory for Strength and Vibration,Xi’an Jiaotong University , Xi’ an,710049)
(2 School of Aerospace ,Xi’an Jiaotong University ,Xi’an,710049)

Tianjian Lu’

Abstract

close-celled aluminum foam subjected to low velocity impact is established and validated with drop hammer

A one-dimensional collision model for a large-mass structure protected by high porosity,

tests. Based on the proposed model,the concept of critical impact velocity is introduced, which is dependent
upon the mass ratio of the collision system as well as foam porosity. Both the minimum acceleration and
critical acceleration of the protected structure are obtained under different impact conditions. It is demon-
strated that closed-celled aluminum foams are suitable for protecting large-mass structures subjected to low
velocity impact. When the initial impact velocity is lower than the critical one, the stress imposed by the
foam on the structure will not exceed the plateau stress of the foam,with the corresponding acceleration of
the structure significantly reduced if the foam porosity is relatively high. On the other hand, when the ini-
tial velocity exceeds the critical one,due to foam densification,the imposed stress increases sharply (about
5-15 times of foam plateau stress) ; correspondingly,the acceleration of the structure increases rapidly (even
up to 1000g). The influence of impact mass ratio, porosity and geometrical dimensions of foam protection
on the critical velocity and acceleration is systematically explored.

Key words critical impact velocity, critical acceleration, low velocity impact, protection, aluminum

foam,optimization
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Table A1 Mechanical properties of close-celled aluminum foam obtained with quasi-static compressiont!®]

Foam thickness Porosity Densification Plateau stress Elastic modulus Plastic Poisson
(mm) p (%) strain ep a, (MPa) E(MPa) ratio v
20 87. 88 0.5419 3.43 157 0. 2495
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