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Axial crashworthiness analysis of
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Abstract: A new type of aluminum foam-filled multi-cell thin-walled cone tube ( AFMCT) was established.
Firstly, the finite element model of AFMCT was established based on LS-DYNA software, and the quasi-static

compression experiment was used to verify it. Furthermore, the effects of cell number, cone angle, wall thick-

ness and aluminum foam density on the energy absorption characteristics of AFMCT were studied by quasi-sta-

tic compression experiments. Results show that AFMCT has regular deformation mode, which is not affected by

structural parameters. The increase of wall thickness has the greatest impact on the energy absorption capacity

of the structure, followed by the cell number and cone angle; the density of aluminum foam has the least im-

pact. The research results can provide reference for the design of thin-walled tube energy absorption device.
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Fig.1 Geometric model of AFMCT ( unit:mm)
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Tab.1 Parameter design of AFMCT

H/ D/ 6/ 't/ N/ p/

e mm mm (°) mm P (geem?)
AFMCT-N1 150 80 5 20 1 0.51
AFMCT-N2 150 80 5 20 2 0.51
AFMCT-N3 150 80 5 20 3 0.51
AFMCT-N4 150 80 5 20 4 0.51
AFMCT-N5 150 80 5 20 5 0.51
AFMCT-A1 150 8 0 20 4 0.51
AFMCT-A2 150 80 320 4 0.51

TRV, 55 L TR BR AL 7T 20 b 52 A T ) T 43 2 53 B 83
gk
o H/ D/ 6/ t/ N/ p/
mm mm (°) mm P (g-em?)
AFMCT-A3 150 80 7 20 4 0.51
AFMCT-A4 150 80 10 2.0 4 0.51
AFMCT-T1 150 80 5 1.0 4 0.51
AFMCT-T2 150 80 5 1.5 4 0.51
AFMCT-T3 150 80 5 25 4 0.51
AFMCT-T4 150 80 5 3.0 4 0.51
AFMCT-d1 150 80 5 20 4 0.64
AFMCT-d2 150 80 5 1.0 4 0.71

1.2 BHRTER

R FAE 26 % A BR JT 43 B 4K 14 ANSYS/LS-
DYNA S PR BH 35 7 22 b e B 50 A A R A T 1 S
BB, 2 K AFMCT-1 f9 A FRoTH R 1
o b b sk 5 R R A Y E O WK, SR A
MAT20 #i48l, HEH R H Belytschko—Tsay 4 7 55
FEHIC, TR M 8 S MR A, R B
LRMEVBMEAR Y MAT24 B, BT A MRS 4
6061-T6 , H: N Sy i AF fh e W 3 (a) FiR, 1K)
H% R p=2 700 kg/m’ BPERR F E=68.9 GPa,
AR w=0.3 JEARSRIE o =273 MPa, &4 N
IO AR AR E AL, T 22 P RS
8 T ML S A AR AR BT AR SR 63 5] R
St HLRADRI R ARG R TUAERL AR I g A5
LE 3(b) s, B p 43 51°40.51,0.64 F
0.71 g/cm’ ;B PEAL B E 43 5] 4 382.3,586.1 Al
853.2 MPa, Wi Tl K4S A S 45 i FE rh AN &
KRB K, BT LUK T A 60 0K %% B i A
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Fig.2 Finite element model
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Fig.3 Material engineering stress-strain curve
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Fig.4 Comparison between test and simulation

force-displacement curves
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2.1 FMERR

Skt AFMCT F) T 48 V8 i B 3E AR, 51 AR 41
W R R

(1) #¥] U5 1% {H 28 f7 (initial peak crushing
force , IPCF) : F 4o i oM 10565 — A 8 Bt i 2R
AR B R AT

(2) B fiE (energy absorption, EA) : 45 44 7F
T0% 4 i A% T Y S RE &

EA=J2F(u)du (1)

A, F(w) IVERITES A B 7, kN8 S J1EH]
AR AL  mm,

(3) ELIKHE (specific energy absorption, SEA) :
S A T R R I RE

EA

“m
A, m HE R R g

(4)F)# 7 ( mean crushing force, MCF) ; j&
W HE EA 5ERARBIEE 6 A,

(5) FE 48 71308 ( crushing force efficiency,
CFE) : V-5 38 a5 5 e R 1Y P . (B
1, 45 BEBAS 2 , RN

MCF
CFE=

max

K, P A ROR A R R B R 28 kN

SEA (2)

x100% (3)
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Fig.5 Influence of different cell numbers on

AFMCT curves and deformation nephograms
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Fig.6 Curves of various evaluation indicators with

change of cell numbers
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Fig.7 Influence of different cone angles on

6=10°

AFMCT curves and deformation nephograms
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Fig.8 Curves of various evaluation indicators with

change of cone angles
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Fig.9 Influence of different wall thicknesses on AFMCT curves and deformation nephograms
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Fig.10 Curves of various evaluation indicators with change of wall thicknesses
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Fig.11 Influence of different foam aluminum density on AFMCT curves and deformation nephograms
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Fig.12 Curves of various evaluation indicators with changing of foam aluminum density
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