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Fig.1 Cross-section of top-hat (a) and double-hat (b) sections
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Fig.2 Interaction effect in foam-filled hat section
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Fig.3 Stress-strain curve of uniaxial crushed aluminum foam
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Table 1 Comparison of analytical results with experimental

Mean crushing force

of empty hat section

Mean crushing force

of filled hat section

Half wavelength of  Half wavelength of

empty hat section filled hat section

P/kN P/kN H/mm H/mm
top-hat experimental 36.2 57.6 23 18
analytical 40.8 60.67(error 5.3%) 18.3 15.24
double-hat experimental 56.0 82.8 18 16
analytical 64.8 84.13(error 1.6%) 11.5 10.57
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Table 2 Contribution of each component of foam-filled structure to interaction effect, theoretical analysis

Individual structure

Component of filled structure

Contribution to interaction effect

empty hat free foam sum hat filled total hat section foam overall
section column section foam
P/kN P/kN  P/kN P/kN  P/kN P/kN P/kN(%) P/kN(%) P/kN(%)
top-hat 40.8 12.24 52.32 4292  17.75 60.67 2.12/(5.2) 5.51/(45.0) 8.35/(16.0)
double-hat 64.8 1224 77.04 67.67 16.45 84.13 2.87/(4.4) 4.21/(34.4) 7.09/(9.2)
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INTERACTION EFFECT IN ENERGY ABSORPTION OF POROUS
MATERIAL FILLED THIN-WALLED STRUCTURE"

Song Hongwei*?)  Yu Gang* Fan Zijie! = Wang Qingchun
*(LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)
T(State Key Lab. of Automotive Safety and Energy, Tsinghua University, Beijing 100084, China)

Abstract The mechanism of “interaction effect” raised in porous material filled thin-walled structure is
studied, and quantitative partition in energy absorption is reached with the proposed model in this paper.
Taking aluminum foam filled hat section as example, we found three characteristic regions in the crushed foam
filler, i.e., densified region, extremely densified region and undeformed region. An analytical model according
to the experimental observation was built to find the volume reduction and volumetric strain in each region
of the crushed porous material filler, based on the perfectly compressible assumption. Combining with the
superfolding element model for thin-walled hat structures, the contribution of each component of the filled
structure, i.e., hat section, porous filler; densified region and extremely densified region to the overall energy
absorption was quantitatively partitioned. The study shows that little increase in energy absorption is found
in the thin-walled structure, while the augmentation in porous material filler is about 40%. The extremely

densified region accounts for mainly to the interaction effect.

Key words porous material, thin-walled structure, interaction effect, energy absorption, crashworthiness
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