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The energy absorption characteristics ot thin-walled members
for the use of light-weight vehicles
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ABSTRACT

In this paper, collapse test of thin-walled structures, which are widely used in the vehicle members is
carried out to observe the dependence of cross-sectional forms and materials on the absorbed energy in
the viewpoint of crashworthiness. Also, specimens consist of two kinds (Al, CFRP) with various
thickness. Comparisons of circular specimens are made to find characteristics of the different specimens
on the absorption ability according to specimen thickness and materials.
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Fig. 1 Collapse mode of the thin-walled circular
specimen {Axisymmetric mode)
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Fig. 5 Relationship between load and displacement
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Table 1 Dimension of the circular specimens

Specimen Inn'er Thickness ASP?Ct .
No. radius ¢ [mm] ratio Material
R[mm] R/t
AC-050 15 0.50 30 Al
AC-075 15 0.75 20 Al
AC-100 15 1.00 15 Al
AC-125 15 1.25 12 Al
AC-150 15 1.50 10 Al
CFRP(¢°) 15 1.25 12 CF/Epoxy
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Table 2 Material constants of Al 6063

Poisson’s Young’s Yield Tensile
ratio modulus stress stress
[v] (E] [o,] (o]
0.31 66 [GPa] 180[MPa] 210[MPa}
Table 3 Material constants of CFRP
Material constant Carbon fiber Matrix
Density [kg/m] 1750 1200
Strength {MPa]) 3240 80
Modulus{GPa] 230 3.2
Fiber content{%] 56~58 33~34
Curing temp. {C] 135C X 1hr 135C X 1hr
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Table 4 Mean value of circular specimens from
experimental datum

Absorbed | Maximum | Mean | Mean | Stress
Specimen | Rati Coll
0 Energy | Load Load | Stress | Ratio Apse

Moo AR b 1) (Pl ulk] | Pl oo, | M
AC-150 10 | 870.8 2.3 14,51 97.75 1 0.543 S
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AC-100 5| 46534 13.97 7.8 80.30 | 0.446 S
AC-OT> 20 | 8174 9,73 4,72 65.14 | 0.362 S

AC0 | 0 {1526 | 590 [ 257 | saee foms| N
CFRP(0") | 12 |15n.22 | 4004 | 162 | 14858 | 0.044 [ splaying

Table 5 Absorbed energy per unit mass and volume for
circular specimens

Specimen Maximum | Mean | Energy per | Energy per
No. Load Load | Unit Mass | Unit Volume
Fua[KN] | Fo[KN] | [KJ/Kgl (M}/m’]

AC-150 22.30 14.51 22.70 58. 66
AC-125 18.07 10.96 20.79 53.60
AC-100 13.97 7.82 18.63 48.21
AC-075 9.73 4.72 14.83 39.08
AC-050 5.90 2.57 12.16 32.19
CFRP(0°) 40.14 17.62 66.11 86.15

Table 6 Comparison of the collapse characteristics for
two members tested with equal
thickness(t=1. 25mm) and cross-section

Maximum Absorbed Energy per | Energy per
Matenal Load E sor 0 Unit Volume | Unit Mass
ner
FaulKN | 92 | My | [KI/Kg]
Al 18.07 657.75 53.60 20.79
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