
Accepted Manuscript

Theoretical investigation on impact resistance and energy absorption of foams with
nonlinearly varying density

Hu Liu, Zhiqiang Zhang, Hua Liu, Jialing Yang, Hong Lin

PII: S1359-8368(16)32434-9

DOI: 10.1016/j.compositesb.2017.02.012

Reference: JCOMB 4895

To appear in: Composites Part B

Received Date: 24 October 2016

Revised Date: 3 January 2017

Accepted Date: 9 February 2017

Please cite this article as: Liu H, Zhang Z, Liu H, Yang J, Lin H, Theoretical investigation on impact
resistance and energy absorption of foams with nonlinearly varying density, Composites Part B (2017),
doi: 10.1016/j.compositesb.2017.02.012.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compositesb.2017.02.012


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Theoretical investigation on impact resistance and energy absorption of foams 

with nonlinearly varying density 

Hu Liu1, Zhiqiang Zhang1, Hua Liu1,*, Jialing Yang1, Hong Lin2 

1Institute of Solid Mechanics, Beihang University, 100191Beijing, PR China 
2Beijing Institute of Astronautical Systems Engineering, 10076 Beijing, PR China 

 

 

Abstract 

Compared with traditional uniform foams, the density-graded foam exhibits more excellent impact 

resistance and energy absorption capacity. In order to exploit its full potential for improved dynamic 

performance, the density profile should be designed properly. However, the effect of the nonlinear 

density gradient profile on the impact resistance and energy absorption characteristics is still unclear. 

The aim of this paper is to study the dynamic response of a nonlinear density-graded foam rod 

impinged by a mass projectile. The density in the foam rod varies along the longitudinal direction in a 

power-law exponent form and the coupling effect of density gradient on material properties of foam 

rods is taken into account. Both the negative and positive density gradients are investigated. The 

dynamic stress at the impinging and support ends and the energy absorption capacity for different 

power-law exponents are compared. The present nonlinear gradient model can be degenerated into the 

previous linear gradient model when the exponent is equal to 1. To validate the theoretical analysis, the 

finite element simulation is also carried out and a good agreement is achieved. The results indicate that 

the impact resistance and energy absorption capacity of the foam rod can be improved by using proper 

nonlinear density-graded profiles. 
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