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Experimental study of aluminum foam filled energy absorption
connectors under impact loading

YING Wenjian'*, WANG Yonghui'?, ZHAI Ximei'"

(1. Key Lab of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) , Ministry of Education,
Harbin 150090, China; 2. Key Lab of Smart Prevention and Mitigation of Civil Engineering Disasters
(Harbin Institute of Technology) , Ministry of Industry and Information Technology, Harbin 150090, China)

Abstract; To absorb blast energy and reduce blast load on buildings during explosion, a novel energy absorption
connector filled with aluminum foam was proposed. Lateral impact loading tests on the proposed energy absorption
connectors were conducted to study their energy absorption performance. In the tests, effects of filled aluminum
foam and plate thickness on the energy absorption performance of the connectors were investigated. Force-
displacement curves of the connectors with aluminum foam showed three stages, including elastic deformation,
plastic deformation and aluminum foam densification stage. The plastic deformation of pleated plate and
compression of aluminum foam contributed to energy absorption, while the connectors without aluminum foam only
relied on plastic deformation to absorb energy. The FE models of the connectors were established utilizing LS-
DYNA and then validated with the tests results. It was proved that the proposed connectors showed considerable
energy absorption performance which could be largely improved by filling the connector with aluminum foam.
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Fig. 1  Photographs of energy absorption connectors
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Tab.1 Geometry of energy absorption connectors
v 6o/ (%) £,/ mm JET LRI

45 -3.57 45 3.57 b=

45 -5.70 45 5.70 I

45 -5.70 —no 45 5.70 H
45 -7.36 45 7.36 B

TE 00 AYTHS LT IRAITRIA ,0, FPTHRG .
FR2 WMIEERE N FERELE

Tab.2 Material properties of mild steel and aluminum foam

Wkt E,/GPa o,/MPa o,/MPa
t, =3.57 mm 200 333.5 562.3
t, =5.70 mm 200 275.6 528.3
t, =7.36 mm 200 289.7 538.3

IR p/ (g em™) o,/MPa E/MPa
— 0.257 0.81 98.61
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Fig.2 Photographs of test loading device
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Fig.5 Comparison of compressive force-displacement curves of
all specimens

3 FREMEE AT
3.1 #EBEIER

— Mk UL, M AERE Y S AERE T AE AT LATE i
W IUAFERE T8 r ok HEAT PEAN, AL 45 7 B R 4807
force ) . B % fb 2 ¥ ( densification
displacement ) . fE 1 W WL %% 8 ( energy absorption

[Sl=E=N

efficiency) 8 1 % L {H ( energy absorption capacity )
FIIR GERCR (crush force efficiency ). Frf, S 1) 7K 2%,
TIRECFACALRS 2 A fe E B8 b, HoAl A JLA
FEREFE PR AR 21 i X P R bR AR 1. i T
I ARAFH S — DLRS AR 2 TR T ~
NS -HZAET AR E R BOREL, BT LA SCR T 15
HIRGE - 65 7 ) FNE AR B 1y A2 AR TR ) 5 ek 1
AR PR B MBUE AL BT, A LR T
VAT LRI I IR AR BUR AL R A6 A2, 45 5
FRIV 71 13 DCIORI 085 Ak X 1Y) 52 8 TR I 7 2081
ETFZ AT B B R AR AR B/ ME A O TR ik
DT i 4 R T ST AR R R Y
T3 EAA R WL R B B AL R AR AR A AR SCHE T L

( mean

AV I R ISR I R BT - (RS il
ZAFAE , S H B B0 TR0 RE FE AE Y A I B AL
RLF 875 1. d i AL R AR I ) M AZ , RE
SRR TT AR T 5

Lo
n(x) = mﬁyF(x)dx, (1)

b F (x) il pr sz 2 i whts 71, H Sl B B9
RER I BE xR 1 et AR A% 31 1) B0 1k
PiFE wy TN J7 S AE < ST 2 e WOICR IR
Bt KAERS Frxct N RS« , D

dn(x) = 0. (2)

de  |,_,)

IR AR (x))) ZHT I B R RAE (F,,, ) , #%
TORARIZ TSI BIR T o BIRLRS , 7% R
W ECEA AL %,

K6 2t Tl 45 7 1Y ) — (A% i 4okl 2
ARSI IT 8. 4, 2 AR T DL IR R 5C
KAt B

600 - - 0.5
— -k |
500 1 {04
400 ¥
03 X
Z, X
< 300 f =
R 02 g
200 F : kit
100 | 101
« : : 0
0 50 100 150

i fmm
E6 BEUMLBHNE
Fig.6 Determination of densification displacement
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Tab.3  Summary of energy absorption performance of all specimens

s xp/mm F,/kN E,/k] /%
45-3.57 99.72 155.7 15.53 74.84
45-5.70 —no  120.26 43.69 5.25 50.38
45-5.70 92.63 214.68 19.89 70.86
45 -7.36 90.85 209.71 19.05 65.77
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Fig.7 Effect of aluminum foam on energy absorption performance
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Total energy absorption capacity-displacement curves
under different impact velocities
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