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Quasi-static axial compressive behavior and design of conical
energy-absorbing box filled with gradient foam aluminum

WU Xiwei'? ,ZHANG Jianxun'

(1. State Key Laboratory for Strength and Vibration of Mechanical Structures,School of Aerospace,Xi’an Jiaotong University,
710049 Xi’an,China;2. College of Mechatronic Engineering,North University of China,030051 Taiyuan,China)

Abstract; In order to meet the requirements of lightweight structure and energy-absorbing box ,and to de-
sign and study the performance of excellent energy-absorbing box structure ,we adopt Abaqus finite element
software to simulate the quasi-static axial compression behavior and lightweight design of gradient alumi-
num foam conical energy-absorbing box. First,the validity of the finite element model was verified by com-
paring with the literature experiment. Then,the effects of the conical bottom angle ,the number of induction
slots, the height and depth of induction slots,and the gradient material parameters on the energy absorption
characteristics of the gradient aluminum foam conical energy-absorbing box were studied. Then, with the
same mass structure of low peak load and excellent energy absorption as the optimization objectives, the

gradient aluminum foam packed conical energy-absorbing box structure was optimized. The results show
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that these factors have a good effect on improving the energy absorption characteristics of the energy-ab-

sorbing box. The conical bottom angle of the energy absorbing box can greatly increase the specific energy

absorption of the energy absorbing box structure while reducing the initial peak force, and reduce the

crushing force in the collision process to a certain extent. The existence of the induction groove makes the

deformation process approach to the idealized symmetric deformation. While guiding the deformation

process, it also reduces the initial peak force,the height and depth of the induction groove have a greater

role in reducing the peak force and increasing the specific energy absorption. The density gradient of foam

aluminum and the number of divided layers have obvious effects on reducing the impact force, and have

certain effects on guiding lightweight and improving specific energy absorption. Compared with the constant

section energy absorbing box , the optimized structure of gradient aluminum foam cone energy absorbing box

reduces the maximum peak force by 20% and increases the specific energy absorption by 3. 6% . It is

found that the collision force-displacement curve is milder,which is more conducive to the energy absorp-

tion of the energy-absorbing box.

Key words: conical energy-absorbing box structure; gradient foam aluminum; quasi static compression;

finite element simulation ; lightweight design
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Tab.3 Component size of the calculation model
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2.3 MIHEHCSIERIE

S RS o A5 T BR08 A A 2R
A B ROT BERECRIENG B SCRE T 29713 B 3k
B 2.2 45 AR EA T AR WS E BRI, QAL 3 BT s o

240
—-- N=10 104
200k N=17 750
- N=26412
160 7 .
X ;_,,.p..c.r k\‘\\ f,ﬁ,.-ﬁ--‘\\\_..\
< 10f R S '
80
40
0 20 40 60 80 100
D/mm
(a) #ofar LR M 26
151
—-- N=10104
N=17750
12 == N=26 412 L
7
s
pr
9 P
= R
6 n»"‘f
'/"'
3t o
//’/
0 20 40 60 80 100

D/mm
(b) AER-frA2 2k
B3 ANTR] I i 1 e 1 s 4 1 i i 2
Fig.3 The axial compressive performance of the box

with different mesh number

SR < hups :///cjam. xjtu. edu. en  BE AR5 BT 42 4



1090 AN T S

542 %

1P 3 Al A, Y RS S B 17 750 RS
RS g 26 412 B AR ZE AN K, 8O 1 PRIETH RS
BEFEATLTHI IS 18], 4 6 RIS Bt o 17 750 [
RIBEAT 2 J5 BA FROGHEAUL

2.4 HABSHEMRIE

Xt T RS TR, 5 AR UEAE R ALl e, B e
ALLKE AfER TN fER ALLIE A9 1% , [a] iy 0 75 22
PERITDIRRER /D, NS RE ALLAE A RE# i A e
ALLIE 5% o X 28550 A iH R R
e S R, B R A B 5 PR TR, 2 R
2.2 YRR T R S A BPE BRI, AN 4 R

6r

ALLKE/ALLIE
5k —-- ALLAE/ALLIE
4F TN N
/ N ~No_ . -

N 3t 'I
= /

2ry

1

oF

0 20 40 60 80 100

D/mm

Kl 4 IGRE G A RE LM R AR A
Fig.4 Relationship diagram of energy ratio

of energy-absorbing box

I 6 3 L 206 T 1) 28 0 BE A 180 B, 96 2 T
AIIHTESR VO REAE i AEAR/ N IE T B N, I 2
AT RGNEER 5% o SIRES N RERY LL B I 7E
1% LA, H & R i A2 (AT, FAYERF 1 0%

3 REEESBARERIERRMm

AT 7350 A TR S 1 5 S 2 B R B o
PRI E 6 445 A T A 285 T 1o s 4 e P 1 A
L, Z M 45l 2 00k W RE £ 52 i RE ) R REPE RE Y

S o
3.1 $#EHKA

I B A3 10 I A7 E SO JY T X 45 T X 1 2
FT L 2R 22 ] (9 9 #7100 HEL S TR

AECRE T ARUASERC 18 AR A i s 5 s AR I 1) A
773 A B A, 2 R D7 XN E 6 Bri .
o X375 JEIE 1] £ B 80° iy 44y F-80, K [ A7
80°#r44 M R-80,

JE A

N\
\A_y
KIS eSS B

Fig.5 Schematic diagram of bottom angle

(a) 111

(b) Sl
K6 WRE G A E T e ORI
Fig.6 Schematic diagram of energy-absorbing box arrangement
K7 25 TR @ AE A A BT 2R & IR Y
BRI IR MIRE - 2. £ 5 45 Hh T RE
AR ) Fo VAR T BRI o A B LU IR g
£S5 TRBEAXNZRANBREZRAETN ISR
Tab.5 The evaluation indexes of the energy-absorbing

boxes with different bottom angles

WREG DS Fa /KN B/ m/g  reen/(J o g7")
F/R-90 186.032 14 200 627.38 22.64
F-87.5 203.296 13 300 562.38 23.65
R-87.5 167.532 13 148 562.38 23.37
F-85 181.342 12179 502.38 24.24
R-85 159.412 12 050 502.38 23.99
F-82.5 171.753 11385 445.38 25.56
R-82.5 149. 044 11054 445.38 24.82
F-80 163.061 10 467 392.38 26.68
R-80 149.088 10 522 392.38 26.82
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Fig.9 The deformation patterns of the energy-absorbing boxes

with different number of induction grooves
F6 ATREFSEHEHNREZRAETMIEHR

Tab.6 The evaluation indexes of energy-absorbing boxes

with different number of induction grooves

Vi e I —e Ey/ rsga/
m/g

0 kN J (J-g™"
4 161.45 10178 424.98 23.95
3 157.83 10224 419.98 24.40
2 150. 53 10 304 412.98 24.95
1 150.52 10 406 402.98 25.83
0 149.09 10522 392.38 26.82

(b) fig FE-hrFs M 28
BL0 AN [R5 Sl e 114 0% 6 oA A 2 o ) s 4 R P b £
Fig. 10 Quasi-static axial compressive characteristic curves of
the energy-absorbing boxes with different
number of induction grooves
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Tab.7 The evaluation indexes of energy-absorbing boxes

with different height of induction grooves

Vi 1074 Fru/ Ey/ rsga’
m/g
mm kN J (J-g™")
4 142.34 8941 424.98 21.04
5 161.45 10178 424.98 23.95
6 139. 65 8557 423.98 20.19
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Fig. 11  Quasi-static axial compressive characteristic curves
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Tab.8 The evaluation indexes of energy-absorbing boxes

with different depth of induction grooves

FPHIRE/mm Fo /KN Ey /] m/g e/ (D g7h)
3 155.67 10053  416.98 24.11
4 161.45 10178  424.98 23.95
5 162.01 10210  433.98 23.53
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Fig. 13 The schematic diagram of foam-filled energy-absorbing
boxes with positive and negative density gradients
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Tab.9 The evaluation indexes of energy absorption of

aluminum foam-filled energy-absorbing

boxes with different density gradients

. N i~ E,./ rsea/
A m/g
kN J J-g™h
7095 S A 176.90 10490  446.98 23.47
TE SRR 153.87 9850  419.98 23.45
TC ERE B 162.01 10210  433.98 23.53
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Fig. 14 Quasi-static axial compressive characteristic
curves of energy-absorbing boxes with different
density gradients of aluminum foam
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Tab. 10 The evaluation indexes of energy-absorbing
boxes with different layer division of density

gradients of aluminum foams

WERNER Foo/KN Ey /] m/g ot/ (3 g7h)
52 153.87 9850  419.98 23.45
10 2 149.65 9862  420.48 23.45
172 147.87 9873 420.98 23.45
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Fig. 15  Quasi-static axial compressive characteristic curves of
the energy-absorbing boxes with different

density gradients of aluminum foams
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Fig. 16  Quasi-static axial compressive characteristic
curves of energy-absorbing boxes before
and after optimization
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Tab. 11

The energy-absorbing evaluation indexes of

energy-absorbing boxes before and after optimization

WREAR  Fo /N Eu /] mg re/(Jeg )
Ak 184.87 14 200 627.38 22.64
RIAE 147.87 9873 420.98 23.45
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