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Investigations and Mesoscopic Modelling of Metal Foams
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Abstract: The 3D finite element analysis was carried out for metal foams based on computer tomography (CT).
Initially the tomographic images of the metal foam were processed to obtain the binary images, and the gray
level was extracted to establish the point cloud model. And then the point cloud model was meshed into the
finite element model. Finally, a quasi-static compression test was performed on the metal foam to verify the
mesoscopic finite element model. A good agreement between the experimental data and simulation results was
found, indicating that the mesoscopic finite element model established in this paper can accurately simulate

the mechanical properties of metal foams.

Keywords: metal foam; mesoscopic finite element model; CT scanning; quasi-static compression; mechanics
properties

Wk SR B LSRR WRIE SRR AR E P, A R A T A B 4
rege Y, EEGEEGTER T, BERORRMBAN  FURBES K, MU TR NOR . BSR4 4
IVEARTE, SCRERFFMINSRRE N /1K, RAR &4,

WS HHA: 2021-03-11 BgdREHR: 2021-04-09

EEUWHE: PG HAREAEERRT TR (20215Q220); K2 KA e AR L 55 2% L 15 5 (300102220109 );
IR R 2R B B S b vt ) [ B T SR T < (320150060

2R IR

DR RO, BRERE QIR SR = A PROCEBEORET L (V] 3 TRE2AR, 2021, 11(6): 413-418.

LUO Geng, ZHAO Jiannan, CHEN Yisong. Investigations and Mesoscopic Modelling of Metal Foams [J]. Chinese Journal of
Automotive Engineering, 2021, 11(6): 413-418. (in Chinese)




414 AELREFR

F11%5

1T K 2 Btk < R R I 4%, Jd B
BEAL 7> A HAZ AR AR S5, R 4 J 1) B (A
FLAEA K TIRRIAEE . B, BT HARTBUW
PR, B 7T N 53 3 R AL 25 A 7 4k O e 3 4k
B AR B TR B NI TR, bR =
UEf) 7 AR (B DA B PR AR T
TCVEAE I M AL R 2 & AR TR AR A ) S
B e, BN =il B — MR E AL
] 0 SR A S AR X B S O BE Y, btk A T A
TR DU R AR A gl Tk K
IR T A AR A B e A Y 38 2 JA B ) B AT
B R 7T i) 4 A A A R, T AEBEALI . TR S
TR <5 Ja (P 20U 5 46 J0 2 BT 20 A 1 T e RS 2
A B, Fr DA E R R AR R AN BE A 1 S
R B N ELAMEE ], DL T A Be i s,
YIRS & 1) SR )5 It R . H AT K 42 )8 3D 4
MLBE WL 7> AT A BR T 3 ZAE P Voronoi A R
JoRA, DL T CT 434 RMR dS i = 440 A
BRICHE R T8 Voronoi 45 Y ) 7 A5 i FE 5 YL vk 14
R & R 2R, FEAR 2 SCHR Hh A B SR RAE
KE R AR . R0 AN GOE R R =
#E Voronoi B U7, IT JLAEFIBF TN 5K #E K
3D Voronoi AT b RH KT 1,
ZHENG Zhijun 25 " 78 H 0 B0 g 32k b, 0
HWIRM R R B AR T S BEAT TS 18, 31
T S I AR i A o ot ok B B B R TG . EASE R
fR) 72, Voronoi B A — i 1o 1 5 Rl A% s HOMI i BE
JREES R, AR S SRR — 3.
[ I, 3D Voronoi #AE #5841 5k H 76 B 0 SR A5 41
AR RER B BE, SR F SR 70 A 0 3 B BN
(TR =

BEA& T AL R AL BT A R B AWt b, Bk
T CT 34 R IR M BT IR J0 d A 15 AR At E A
EADLIEL A 4 B BE AL 2 2% I 4l L 285 4 o Pl g SR HH

CT Wi ZHHAR, REOEIE AN IR S 8 R 1 Al
BT PR A VL K 4 P9 L B TSR A 23 A Y =
Yo%, M) Bl B RIEEER S B RS 2S5,
AT PR RR AT SRR & R I )R BT
A9 BRI 3D =4 IR TTI AR E T 2D BB A%
R%Z, (BRI MIRAS — 550 . MICHAILIDIS
5 U T T 3D HFFLIIR AR R, A e A
T RE 05 I T Hh AU HH VR K 4 B E LS L R 2 B R
YR (8137 53 A0 B W 2401 . SUN Yongle 25
WS T 3D ALK S B A Re AL, i e
RRERL, XLAATRE P B IR T o A R AT T SRt
WEFT T ARl ) S i B AR TR R < s 1 ik o2
BH. BT L CT A EMEONHER A PR T AL R H
SEARRTE, B, B UZA R AR A
4R AT A B

g bk, T CTWEAMTAER, i
A VL K 4 R 1) = 4 JUAAT SEAR SRS, JRRI 4y T B,
PR T EMEA R, F, WA PRTEA LA R,
ML e KNERAT I, IF BT R
A AR A B oA A BEAT I IE -

I\ @& Er = gmn G R TR
1.1 CT 3 RIE

P CT W R H R A, T LUAE A BLR
SREIRTER T, Sos B Mk e B0 = 4Em1g, 3
AR 1 BT e Y46 0 F e 4 S
RELE AT AR OB & L TR X RO 4T
R, PR IR S OE I R X S,
A LA B SER O B M . T X Ik
TR B AT R R KIS  #8 S MR S
W, SRR B ER SO, RIS AR
[y X ST LR S0 R SR R, B R,
SRR EEWT R - 0 500 50798 AT R 46 % o
FAE A 7 D o SR RS ARFE I/ T e, EAR
%, HHIEREHS, BRI CT IR



T & BAEE=HANERTEERARHAR 415

%6 1
e Rl (. 235 T 1HT CT IR
= —
X AT N\_7
WA
PRI

E1 CTHHErEE

12 ZHGOES S

I CT F3fi a0 A e i il AF ( 225X 20 mm)
BEATHHE, AR 271 Sk IR A, R REE R SE A
0.014 5mm, [ R~F2000X2000 %%, —MEER
EARERIZBR R ST 0.014 5 mme. 3% 1 3 Y B 1 1
FunE 2a FroR,  HAp R G i S JE g 1 s
RFLEE, BEFRS AP BB R DU
HE B0 K 4 A S BT I AL RN TR 2
SIATTEDL . AT FLBEIE R, 4 AL 2 AR
2, LKA,

H T8 CT 294645 2000 KR A s, AW
FLEEMIFLAS I ., Fir LA Wi B 0E 5 AL B . 7
Matlab A H T CT SR EG X LR, K
PG ARG . AT S R W 2 B

(a) ALFER]

(b) AEH )5

B2 AHEmLEREX

CIRYOONREZE s FC¥: It (= 3 W T 2 b
VR 4 N AE B AR X R v B T 1) B G AT A,
mE 3 s,

1% himm

0 002 004 006 008 0.0 012 014 0.16
X 5

E3 ke RRENEEASES N

B AT N, YR 4 R A R % R B e FE 1
A RAFAERE Y, 1A R AN 35 ) FLEE 73 #i 5
B o Lot T EAT BCRE P 2 AR G 25 B 42 0.089 8,
T A PR AF X 25 B /2 0.085 0, AR X i 254 5.6%
A7TE A 22 19 2 22 55 TR) 2 T 25 40 4 2 A A AR T 7 380 11
BIG 2 R 3= S ), BRFLANFLEE S AL —
SEMRITE /R AR A I R mh B s 2K R L I 2
— WA T ARIN e FLEE
13 Z#HEiGEN

YUk & A I = 4k 5218 E KM TE 7 04 Mimics
AT B AEA CT B8 F N Mimics 1, A1k
WHREJE =4 o, W 4 s,

B4 @FxEEAER
Xt R sz ARAE, FREEAT U], RO ] 3RAS B
PR ARAE PR ITELR (15 mm X 15 mm X 15 mm) ,
w5 frse



416 BEIRFR

£11%5

E5 SixeR/LMEREETE

XHALHIECH . AR IAREEAT T Gt H
SR IR B M AL AR RO UM ER A, DU 4 s 1
LA B D, Tl a0 (1) BT

1/3

D, =(6V/n)" - D
s VONBALA AR, mm’s D, M FLAIFLAZ, mm.
Zikgit, MRBENESRERILSECH 149 1,
FLARVERE N 1.45 ~ 6.46 mm, “FHFL12 N 2.97 mm.
] K4 AR S B LR 2.88 mm, 1] WAREAY
LW EREF. BKEBALS MG R WE 6
Fiw, By LR RS, A 2% FLAR X TR B AL
BH SRR AE. R, LR R
7£2.0 ~ 2.5 mm X AN HRZ, 3R
SECH 1 22.8%; 1 FLAERSTAE 6.0 ~ 6.5 mm [X [H]
WIIFLEECE b, A B RLE O E 1 1.3%.

0.25

0.20
0.151

z
0.10

0.05F

0
1.0 1.5 2.0 25 3.0 35 40 45 50 55 60 65
fL4% D./mm

Elo BAERILESHRIUTER

1.4 CT 3RS AR TRE

K] Ansys/Icem XA 42 J& B4 LA B2 Kl
SrVUIER SR T, L1593 5T 409 146 1. K & )&
AR A IR TEA B 7 B, BN PR

FEWITERR . R IR AR BT PSR ), T
RN L R BRSBTS RN
TR e SLEE AT RS 05 i A s 4 s i R
SRR 8L WK 1.

*1 ALERERESMREAE (AlCaT) B%

WEEp PR ERERE
= (kg*m”)  E/GPa 0,/MPa AL
Al+1.5%Ca+1.5%Ti 2700 61.7 100 ~172.8 0.3

E7 BASRERAVNEGRTER

B\ AR TR BRI
2.1 EESELRALE

N T B IE VAR 4 AH A B o AR A R A 1
FERE T IR 4 i i e AS Bl R 4 108, il 8 B
N VLA 4 JE B A L R 4 I A A T AR
WL5E e I 0 245 T8 P P IR VA ok 4 I i RS
50 mmX 50 mmX70 mm, A F CT 3 # 1) ik
G )& 350 TR — KB A 4 J@ A kL D)%) R Rt
Fo RICR AL AR, INEGEE Y 1.5 mm/min.

(a) E4FeE



%6 8

T F. BASBE=HANERTEERARHAR 417

(b) G REHL

8 ERSBRMESLE

22 BT CT HmEGR AN AR TR B AIIEIE

CT 4t R A0 WA PR oA 2 i B 1 1 5k
K as RXTLE A 9 Fros. W TR, Pk LIS
R, ZRYIFTEEAL A AU A R oA AT DL ff b x
MR G B M L A ma A AL [, 7RI 9
hgs T AEMERR S IS AT N, R A
PR RE. AT, WA 0 5T 2
L AT B, R IR & (0 i A5 I 4
SR e MR 4 TR IR A rh R 59 I AR AL, SR i
KT SHAMAS TR, BRI, a9
I (b) B BEEARIIAREE, I g5 38 3
ERVEASE, TR 2 26 BT UIH, B 9 i (o) P
EAEEAREE EEHENE L, WK T
(d) Pz fEZPrB WIREEPIRSE, HIBERIAH
HHF BT B NEAR 2 BT I BESR TSR
e o g AN BB 7 AT RS B, R IR
TUAE TR T DA Af i RADLI IR <5 R A 40 WL 38 T R A

S 3CHk (References)

[1] GIBSON LJ, ASHBY M F. Cellular Solids: Structure
and Properties [J]. Cambridge University Press, 2014,
33: 487-488.

[2] LU Guoxing, YU Tongxi. Energy Absorption of Structures
and Materials [J]. Energy Absorption of Structures &
Materials, 2003: 385—400.

[3] CHEN C, LU TJ, FLECK N A. Effect of Imperfections

N ) a/MPa

BiA% &

9 BEMAESHEFSERRBLNS -
IR SRS AT

T ENLIR  JE R AR, AT
THENLET E BRI ) EM AR, PR Tk
& )& I = AU PR o B A s B R 7, 4531 A
TR

(1) H 0K & 8 A4k B 25 1) b L3 %,
T IO BT A R AT A B, T AR SR K
FE, BN TR BANA R oA . X LR
AT G AT, Kt 45 R S5k E 8 e bR o R
P8 RS E LA R e AL n] DL Hh
RAEILIA 4 & 1) LA A0 Rt

(2) JFREHEFAS AL, X4 A B 7oA
REAT T IR, XL EE SRR, AR S 1 4
MABR T, ot MR E G T, B
TR BE B At — AL ARSI N, 35 e HE BRI LI UK 42
JE I 17V RE

on the Yielding of Two-Dimensional Foams [J]. Journal of
the Mechanics Physics of Solids, 1999, 47(11): 2235~
2272.

[4] GIBSON LJ, ASHBY M F. The Mechanics of Three-
Dimensional Cellular Materials [J]. Proceedings of the
Royal Society A: Mathematical, 1982, 382(1782):
43-59.



418

R TR

F11%E

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

&

LIU Peisheng. Mechanical Relation for Porous Metal
Foams Under Complex Loads of Triaxial Tension and
Compression [J]. Materials & Design, 2010, 31(4):
2264-2269.

DEMIRAY S, BECKER W, HOHE J. Numerical
Determination of Initial and Subsequent Yield Surfaces of
Open-Celled Model Foams [J]. International Journal of
Solids & Structures, 2007, 44(7): 2093-2108.

ISLAM M A, BROWN A D, HAZELL P J, et al.
Mechanical Response and Dynamic Deformation Mech-
anisms of Closed-Cell Aluminium Alloy Foams Under
Dynamic Loading [J]. International Journal of Impact
Engineering, 2018, 114: 111-122.

XI CQ, LI Q M. Meso-Scale Mechanism of Compaction
Shock Propagation in Cellular Materials [J]. International
Journal of Impact Engineering, 2017, 109: 321-334.
LIUY D, YU Jilin, ZHENG Zhijun, et al. A Numerical
Study on the Rate Sensitivity of Cellular Metals [J].
International Journal of Solids and Structures, 2009,
46 (22-23) : 3988-3998.

TAN P J, REID S R, HARRIGAN J J, et al. Dynamic
Compressive Strength Properties of Aluminium Foams. Part
II— ‘Shock’ Theory and Comparison with Experimental
Data and Numerical Models [J]. Journal of the Mechanics
and Physics of Solids, 2005, 53(10): 2206-2230.
ZHENG Zhijun, WANG Changfeng, YU lJilin, et al.
Dynamic Stress-Strain States for Metal Foams Using a 3D
Cellular Model [J]. Journal of the Mechanics and Physics
of Solids, 2014, 72: 93-114.

LIAO Shenfei, ZHENG Zhijun, YU Jilin. On the
Local Nature of the Strain Field Calculation Method

for Measuring Heterogeneous Deformation of Cellular

fEN
Uk (1992-), %, Bepuriw A, W1,
FETRF T RN R 2
“;f= Tel: 15229392345
<

\v/ E-mail: luogeng@chd.edu.cn

Materials [J]. International Journal of Solids and Structures,
2014, 51(2): 478-490.

(13] FEARWe, AEZE, BIHM . MRS )R BB RO A

WAL D] S, 2014, 34(5): 601-
607.

WANG Changfeng, ZHENG Zhijun, YU Jilin. Micro-
inertia Effect and Dynamic Plastic Poisson’s Ratio of
Metallic Foams Under Compression [J]. Explosion and
Shock Waves, 2014, 34(5): 601-607.(in Chinese)

[14] ZHENG Zhijun, LIU Yaodong, YU Jilin, et al.

Dynamic Crushing of Cellular Materials: Continuum-Based
Wave Models for the Transitional and Shock Modes [J].
International Journal of Impact Engineering, 2012, 42:
66-79.

[15] ZHANG Xiaoyang, TANG Liquan, LIU Zejia, et al.

Yield Properties of Closed-Cell Aluminum Foam Under
Triaxial Loadings by a 3D Voronoi Model [J]. Mechanics
of Materials, 2017, 104: 73-84.

[16] MICHAILIDIS N, STERGIOUDI F, OMAR H, et al.

Experimental and FEM Analysis of the Material Response
of Porous Metals Imposed to Mechanical Loading [J].
Colloids and Surfaces A: Physicochemical and Engi-
neering Aspects, 2011, 382(1-3): 124-131.

[17] MICHAILIDIS N, STERGIOUDI F, OMAR H, et al.

An Image-Based Reconstruction of the 3D Geometry of
an Al Open-Cell Foam and FEM Modeling of the Material
Response [J]. Mechanics of Materials, 2010, 42(2):
142-147.

[18] SUN Yongle, LI Q M, LOWE T, et al. Investigation

of Strain-Rate Effect on the Compressive Behaviour
of Closed-Cell Aluminium Foam by 3D Image-Based
Modelling [J]. Materials & Design, 2016, 89: 215-224.

BIEEE

MRk (1988-), Ui, BRIGpILA, ML,
FEHFITT 18 IR BRI

Tel: 13755003792

E-mail: chenyisong 1988@163.com



