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Deformation and Energy Absorption of Aluminum Foam

CHEN Jun-hong, XU Wei-fang, CHEN Yong-mei, NIU Wei, XIE Ruo-ze, ZHANG Fang-ju
(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China)

ABSTRACT: The work aims to study the effect of density, hole distribution and load strain rate on the deformation and
energy absorption of the aluminum foam. The compression experiment study was conducted on the aluminum foam with
three different ranges of density under various strain rates. The experiment results showed that, under the loading rate of
10 mm/min, the average yield stresses of the foam with the density ranges of 0.27~0.33 g/cm® and 0.47~0.53 g/cm® were
1.3 and 7.2 MPa, respectively. The average strain energy densities of these two foams were 0.8 MJ/m® and 3.8 MJ/m’, re-
spectively. Furthermore, the strain energy density of the foam (0.453 g/m®) with a nonuniform distribution of the hole was
3.26 MJ/m’, while the strain energy density of the foam (0.449 g/m®) with a uniform distribution of the hole was 3.84
MJ/m?. With the increasing density, the yield stress and the stress of the foam corresponding to various strains are in-
creased. The energy absorption ability of the foam with the uniformly distributed holes is much better than the foam with
the nouniformly distributed holes. Moreover, the loading rate has certain effect on the stress-strain behavior of the
foam, but it has no effect on the energy absorption ability of the foam.
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Fig.1 The stress-strain curve of the aluminum foam with different ranges of density under the loading rate of 10 mm/min
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Fig.2 The stress of the aluminum foam varying with the density at different deformation stages
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Fig.3 Strain energy density of the aluminum foam varying
with density at the strain of 50%
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Fig.4 The deformation process of the aluminum foam with different ranges of density
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Fig.9 The comparison of the energy absorptions of the alu-
minum foam under the loading rates of 10 and 100mm/min

H E2FE 9N LAE i, 7EARTE I (i ARRE A7 )
TR AR FE 10 mm/min 1 0 2% 5 % 2 AT 5w 19 Rz
1, ARG (RAE N30%F150%F ) , Ik AL
BHE100 mm/minf INZEGESR N AR . i
Y, TERLAR A 50 X N 4 1 A% BE % BE 7R 2 FR I T

c k3
B 7 R AT o

Fig.7 The deformation process of different specimens =,



38 21

PRZELLAE : IR R 5 W R R ERT 5T 19 -

HA FR—HER . 75, WE2H S B UK
FE100 mm/minfR NN AL FN LRSI g A2 Y
SrEPEER

3 &k

T 3 S R X 2 R L FLI A Y S0 RR EE DL R
N A S Y TR B R R AR TE AT SRy R BE R 1 1 5% 1)
AT 7RSS, 53 T LUR 458,

1) R ER AR R ) AR T oA LA K W R AR Xof
WL ARAR BN R, B RGN, IR AR
RIS F7 DL R RS 43 5K 30%F1 50% )% 7 1 7 17 3
Bahn, WIRA RGN AR BB (B IEE T )
SN, FLARTE AL Sy DX 5k 1 1 SR A A b
RPN ASTE IR

2) TEARRLARRINGE T, WS AR LR 2 A
(1) 3550 8 8 X A4 ek ) i 1 WSO P K AL
) 73 A5 5] 0 R A B, A R — 3 43 AR RS
5T 5 XF LR 53 A0 AR AT R AR, 7Rk o
YERR , Z2 T8 R SR 1 Se e bRk b FLAIR 4310 3 B3 14 J=)
kA, EE LIRS EIR S A LA S 5T,
AT fE it ) W RE T IS .

3) FEARRL A F MLy, ATERIH (Jm AR
1), AR RHERAR A MR R N BB S R ),
TEASTE P R (RS K 30%F1 50%H ), IR BBHE
B MR RN BT B R R, AR 28 R R
FRAT R RE O RE 1 I TR

EE S

(11 FUE, &7, B, % WIRE-REABRE A4
T s PERERF SR [J]. 2 TR, 2010, 31(19): 6—9.
QI Ming-si, ZHANG lJin-ning, YANG Wei, et al. Re-
search on Shock Cushing Performance of Foamed
Aluminium Polyurethane Composite Structure[J].
Packaging Engineering, 2010, 31(19): 6—9.

(2] EIC, XI55, B AT RS R 2 AL SRR ).
f1 % T2, 2008, 29(3): 27—29.

WANG Jiang, LIU Zhan-fang. Porous Hypereastic
Model for Foam Packaging Material[J]. Packaging En-
gineering, 2008, 29(3): 27—29.

[3] =R, WS, SR, & LR )5 Rk

Do AR A2l 458 W RE v A 07 RTS8 6 e . BILBEC T
224, 2014, 50(22): 97—112.
LAN Feng-chong, ZENG Fan-bo, ZHOU Yun-jiao, et
al. Progress on Research of Mechanical Properties of
Closed-Cell Aluminum Foams and Its Applications in
Automobile Crashworthiness[J]. Journal of Mechanical
Engineering, 2014, 50(22): 97—112.

[4] RO, BLEAK, EZE, %R KILLRE R
T FE 45 4 T Ve B S2 56 O S (0], SE 5 U1, 2012,
27(10): 77—386.

(6]

[10]

[11]

[12]

[13]

[14]

[15]

LI Zhi-bin, YU lJi-lin, ZHENG Zhi-jun, et al. An Ex-
perimental Study on the Crashworthiness of Thin-
walled Tubes and Their Metallic Foam Filled Struc-
tures[J]. Journal of Experimental Mechanics, 2012,
27(10): 77—86.

WS, R AR N W RE R RS A T 5
JELER[T]. R HlEREA, 2012(1): 112—114.
HUANG Chun-man, LI Hui-min. Study on Material
and Structure for Energy Absorption of Vehicle[J].
Equipment Manufactring Technology, 2012(1): 112—114.
HANGAI Y, KATO H, UTSUNOMIYA, et al. Effects
of Porosity and Pore Structure on Compression Prop-
erties of Blowing-agent-free Aluminum Foams Fabri-
cated from Aluminum Alloy Die Castings[J]. Materials
Transactions, 2012, 53(8): 1515—1520.

HZAS, WM, S 2Khh, 55, WIRE R AR I FLAR AL
NE[T]. HEKES s, 2004, 24(4): 347—351.

TIAN Jie, HU Shi-sheng, JIANG lJia-qiao, et al.
Cell-size Effect on Mechanical Property of Aluminum
Foams[J]. Explosion and Shock Waves, 2004, 24(4):
347—351.

JEON Y P, KANG C G, LEE S M. Effects of Cell Size
on Compression and Bending Strength of Alumi-
num-foamed Material by Complex Stirring in Induc-
tion Heating[J]. Journal of Materials Processing Tech-
nology, 2009(1): 435—444.

BEALS J T, THOMPSON M S. Density Gradient Ef-
fects on Aluminum Foam Compression Behaviour[J].
Journal of Materials Science, 1997, 32(13): 3595—
3600.

RUAN D, LU G, CHEN F L. Compressive Behaviour
of Aluminium Foams at Low and Medium Strain
Rates[J]. Composite Structures, 2002, 57(1): 331—336.
EHF, WA, BRIE, 55 hEENERTHIRE
1 T BE B ME 3] A ORE B 3 4% ), 2005, 19(6):
601—607.

WANG Qing-chun, FAN Zi-jie, GUI Liang-jin, et al.
Energy Absorption Behavior of Aluminium Foam un-
der Medium Strain Rate[J]. Chinese Journal of Mate-
rials Research, 2005, 19(6): 601—607.

HALL I W, GUDEN M, YU C J. Crushing of Alumi-
num Closed Cell Foams: Density and Strain Rate Ef-
fects[J]. Scripta Materialia, 2000, 43(6): 515—521.
DESHPANDE V S, FLECK N A. High Strain Rate
Compressive Behavior of Aluminium Alloy Foams[J].
International Journal of Impact Engineering, 2000, 24
(3): 277—298.

SARTIE, EA6, W2, 5. ALIRBORLAY I AR RN
[0]. #KE5 vk, 2003, 23(1): 13—18.

HU Shi-sheng, WANG Wu, PAN Yi, et al. Strain Rate
Effect on the Properties Foam Materials[J]. Explosion
and Shock Waves, 2003, 23(1): 13—18.

MONTANINI R. Measurement of Strain Rate Sensi-
tivity of Aluminium Foams for Energy Dissipation[J].
International Journal of Mechanical Sciences, 2005,
47(1): 26—42.



