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Fig. 1 Schematic diagram of the search method
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Fig. 2 Tested closed-cell Al foam specimen Fig. 3 Experimental set-up
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Fig. 4 Image with scale for calibration of test system (Size: 768 X576 pixels)
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Fig. 5 Image of the foam surface Fig. 6 Subtracted Image from those of

before loading the 20th loading and initiated state
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Fig. 7 3-D displacement distribution Fig. 8 3-D displacement distribution
along the loading direction along the horizontal direction
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Fig. 9 Image of the foam surface Fig. 10 Displacement distribution along the
before loading (p/p =0. 166) loading direction of specimen 2
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Fig. 13 Displacement vector of cell A Fig. 14 Displacement vector of cell B

P13 AL 14 A A 057 B Y R /N R i 41 48 5 S i T Pl /DN 310K B 7 BV 2 577 S A 3 B9 02 A8 1 o
AN W 01 SR AR L B (e K R PP Sk B Il ROR SR Y D ) . v TR 14 T B RS R /N FRL A3 A
TE 13.76~13. 88 pixel (i K & 5K F 5 m I fnARfE 1. 618~1. 621 JNE ; & 14 H i1 £ K/ Gl
S A AE 13. 68~13. 78 pixel, fi#6 5K & 5KV J7 e M 43 A 7E 1. 628 ~1. 633 9N EE . AT LIA . H



2 Bro sef . BT R AR O 7 i 1 P AL DR TR 4 8 v B Rz T 167

Fn A Ak A AT R N L AL B LSS R LA T 1) SR B T A AT A T 1
2.3 ZERWig

H X AN B AN 805 A5 B 590 78 3 73 A TRLE S BE vl LU HY R 4% B2 O 0. 166 AR 72
A AR P TR 07 1 B4 LRSS AR B0 S A B D 0. 140 B AE AN TR 3 2 v A LR 0 5 7 2
7 1) B (28 /ML T 2 P SR I — (BT S BE AL Al . B U, AW 5 B D 0. 166 Y 1170 7 i 4 e
W R 17 1] B ISR TR 2% 57 B S U AR BT Y T O AN AR AR X 38 B2 O 0. 140 Bl AF A8 B LR P98 Y
AT 7 1] 2 B /N5 AL /N O o 3 G i B0 B4 B PR 45 A2 a0 B R X A G . A e o R AR
AR A 5 FLRE A S 249 J52 B — A 2 AR % 2 /s Rk 2 U5 AT MM A 52 T ) B5F g B A8 7K 52 T R A I 7
T 75 8 1A ) AT AL 254 52 T B 3420

P 12 J S (3 2% i 52 8 i Ay 2807 Ty ol 2 T PR L9 TR B a0 7 59 S 1 P 28 4 i 39
FA AR e 9 L B2 5 ELA T2 18T P 300 R 19 7% SO PR A5 -5 JHC At SOk b (8 A 1 42 56 98 7 B A5 3
B R AT & . SCRRLO A CSS2002 5~ 75 AELUIR HLX AT AL I IR B & <5 I IR 4l 45 A7 v i 25 TR
A A AR R 0. 14 BV IR 4l AR 00 44 SCHPE BB 290 140MPa, SCHRL10 L i 1050 75 H fL A
NI IR B Y 44 SRR AR it AT S0 (H A 18 AL AR 5 S AR ) B LA G &R

170 BN FLAR SR B ey P 13 AT 14 vpa] DU Y 5 25 FL IR 80T A 30 % 20 A 08 852016 9 B4 il 4 G
PRI O ) R /N K T i) R X A i st LU A 3 6 T 24 L) AR TAT 4 100 5 2 i B AR B B e R I R R Y
RN B3 1oy st Hh BRAS K 25 (1 B BB o PR G2 8% 1 R /N i BRAL R B IR A O ol 7 A SR 1 P
A I Rl N 23 B 2R AT 3l 2 T B FL R T IR O B A & A 8 38 A9 o, B AR 19 7 18] 18 O 1 4 g 304
FHAY 7 18] A5 A% B 2R /N )2 9 3 67 28 P ) 077 1) 28 0k /

3 #ie

AR R AR S T7 15 52 B 1 X6 P LI TR AR A R 32 T I 7 22 e 1k 2 Ry i, £ S 3 [T P PAD AL
IR AL 32 T [R] — 7K SF T b 284 B8 22 T4 0 A O 5 — 0, BV P L 3@ IR B b A 3 52 T I B
AR HLAERE . A T AR B B/ B e 7 AT LR SR H L PR ALV IR B R P S P A2 T
P 552 L3l DAY 8 %) A 288 A 7 i) 52 B LR 5 TR R A X % RE B R A A, e P 10 Rl DL R AR A2 T
W TR 177 10 B9 A8 FEA% D L Ase 1 20 o [l ey 6 B FL I AR B 16 0 B9 20 A o A5 00 7 ) — A LI SR 5L Ao
R v 4 iy a8V FH A0 O 1) DN B B RSBt/ o 4 7 L A5 AR B RE B RR 1 L HCJR) B A2 JE AN AT B SR JH A% 42 1 U
T B A I ek S A 00 k¥ 1 4 o A AR T SCAR M U2 41 0 985 75 AL &5 R R B9 ) 2 M RE 5 LS TR 2
SRR A Z 1) B 08 5 R SR LT L &5 K A R 2 T 2ok SR SR A iR E . IR AR SGE FHELAOE
AN TR SRR AL BEEOR IRR T — Bk HT T LG5 M 25 e A B A2 FE 00 2 6480 ) S 38 7 3k L X
X T A AL G5 K R 4 1 2 LA KOS FLAS A B R B4 3~ A A AR R ) 2 ST 5 S IR R U+ e B

Sk

(1] REsis, RE. MKSJE I e R R LT, iRl RSB M (A AR MO » 2005, 23(1): 11—16
(KANG Ying-an, ZHANG Junyan. Review of mechanical properties of metallic foams. Journal of Foshan
University (Natural Science Edition), 2005, 23(1): 11—16 (in Chinese))

[2] Torquato S, et al. Effective mechanical and transport properties of cellular solids [J]. Int. J. Mech. Sci, 1998, 40
(1):71—82.

(3] 2%, 59, SRR 1 247 o B OF R [T ], b 50 25 it KRR 24, 2003, 29(11): 978—983(LU
Zixing, GUO Yu. Brief review of studies on the mechanical behavior of metallic foams. Journal of Beijing
University of Aeronautics and Astronautics, 2003, 29(11); 978 —983 (in Chinese))

[4] Onck P R, Andrews E W, Gibson L J. Size effects in ductile cellular solids, Part I: Modeling [J]. International
Journal of Mechanical Sciences, 2001, 43: 681 —669.

[5] Nieh T G, Higashi K, Wadsworth J. Effect of cell morphology on the compressive properties of open-cell aluminum
foams [ J]. Materials Science and Engineering, 2002, A283: 105—110.



168 ;K (2008 4F) &5 23 4%

[6] W2, WImtfE, KA. LR X IR FLI R B & & 1 F ERemszm (1], TR J1%%, 2003, 20(4): 171—175
(PAN Yi, HU Shisheng, FENG Yi, et al. Cell-size effect on mechanical property of open-cell aluminum alloy
foam. Engineering Mechanics, 2003, 20(4): 171—175 (in Chinese))

[7] Schreier Hubert W. Investigation of two and three-dimensional image correlation techniques with applications in
experimental mechanics [D]. Doctor dissertation, University of South Carolina, 2003:1—4.

(8] &WME, wmM, MRMERS BFHBEMCHARIEREMMALI] 284, 2006, 21(6): 689 — 702 (JIN
Guanchang, MENG Libo, CHEN Junda, et al. The progress and application of digital speckle correlation method.
Journal of Experimental Mechanics, 2006, 21(6): 689—702 (in Chinese))

(9] FRWIZZ, frffEFF. MORSEES 5 MRS & & W EF S g thaelT]. HLBC TR AR, 2005, 29(5): 57—60(ZHENG
Mingjun., HE Deping. The static compressive properties of cellular Al and cellular alloy. Materials for Mechanical
Engineering, 2005, 29(5): 57—60 (in Chinese))

[10] MG, BEF M. MUK J2 47 ], 905 1%, 2001, 16(4); 438—443(WANG Xi, YU Jilin. Uniaxial

mechanical behavior of aluminum foam. Journal of Experimental Mechanics, 2001,16(4); 438 —443 (in Chinese))

Compressive Test of Closed-cell Aluminum Foam
Based on Digital Image Correlation Method

FANG Liang', TANG Zhao-chen', YANG Fu-jun', HE Si-yuan®’, HE De-ping”
(1. Department of Engineering Mechanics, Southeast University, Nanjing 210096, China;

2. School of Materials Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: This paper primarily concerns the role of relative densities and cellular structures in
influencing on the mechanical behaviour of closed-cell aluminum foams. Two closed-cell pure
aluminum foams have been investigated by use of optical observation at large magnification. Based on
calculating correlation of the images captured before and after deformation, digital image correlation
method (DICM) was employed to measure the displacement of closed-cell aluminum foam materials
under uniaxial compression. The whole-field deformation and displacement distribution of cells are
presented in this paper, and the nominal Young’s modulus of the tested specimen is also obtained.
Experimental results show that the static mechanical properties of closed-cell aluminum foam is
depended on the relative density, and the cell deformation is related to its shape and change with its
wavy wall. Experimental results also indicate that DICM is an effective approach to investigate and
evaluated the mechanical behavior of closed-cell aluminum foam materials.

Keywords: closed-cell aluminum foam; digital image correlation method (DICM); static compressive

test; nominal Young’s modulus; cellular deformation



