Ho2% 2 M mOE ¥ OB ¥ W) Vol. 22, No. 2
2008 4F. 6 f CHINESE JOURNAL OF HIGH PRESSURE PHYSICS June,2008

NXEHS:.1000-5773(2008)02-0118-07

REN Z A EBHRHNENFEIT AR

NBEREERAEE

Of B2 BRI b E B Be bR D 22 A7 0 BT S e R BRI 230027)

BEAERSBEHRO A FRRECEHRTT +27 ZWHR, EENRKLE WK E
BpfmBE LMY HEE—BFENE L, AR FAFREASILLE S AN
FHER A ARG E T AT Z 4% Voronoil B st A E 4T H. BETAREET
Voronoi # &t 3 AR HERX, ALK T EAM BN EEmw FREHATREALR”, 177
THERENErE AR XHEAREGENFIN N T &P 6 M. REKEE
WER.FEANMTREREN R E., HALXLIN.REAT Y HEZTHN AN T H L, EER
HRAGBFERARA AT RPN A RGN EERA.

KB . WK 4 B Voronoi ¥ & 5 I MBS 5 B A F
FES3ES.0344. 3 X HERERIRAD . A

1 51 5

AR, 24U 4 JE ARE T B R 0O SR R A Tl 8l AR S s v R R A I A2 B o
B R E A, S T E N A R A ST %R . AL IR AR R B AT O SR o R — B TR 4
JE AR T B A IR S R R B B | R B i A B R L L /N VRR R L LR
A 5 e — P 22 BB S O 25 K AT REA R . DR AT % 2 M RE Ok A oG 1 L O 1 2R 45 3] g 244k
RE T 4P IR &R

A Rt v o B0 A D7 18T (49 97 L AR AT A A RO S AT G T A L XA R IR 4 R AR
SN FI2EAT N AT KE SR WEST . RN, SCHR P X 7 7K 4 J8 AR 0 2 25 5 B 5 10 A8 SR 11 56 R 1 A7
1 — SR B G 5 A NIRIE S5 . B, Mukai 255 X% —FhAH X 26 B R o=0. 1 (5 b P FL I TR 40 A
4 ALPORAS(AL-Ca-TD) W 4017 AT T 80 A A 3028 Fe 45 5256 . 45 21 7 A0 B2 09 Rz g 7 A% il £k, 38 5 L
B1X10° s VRN 2.5X10° s BRI AR R R LS B L AT IA Rk Rl R AR A 4 00 IR B B LAY
Jp AR RAUBNE , Paul Ml Ramamurty™ 78 25 IR K XA X 25 B ‘;):O. 08~0.10 1) ALPORAS #4717 W
ARG 3. 33X 10 °~1.6X10 ' s "M FRAE LI, M A 25 RS Mukai S50 ) S IR 45 SR 45 A DT
T HE AN ALPORAS 7 55 1 0 A8 2R % 58 1 5 B G SRy B8 v 2 A st ) W5 {17 ) 22 07 78 SR A S 1)
Lankford il Danneman™ % (Z):O. 074 11 0. 15 B9 ALPORAS Y47 T W AR R BN 4 X10° ~2.5X10° s ' AUsh 75
FE45 S50 - 55 A SIS R AT T R AT IO SR 3 b 0 T R G 4 1 7 g o A il 2 2 07 28 S8 A S 1 i L
RT3 FEE 725 B I8 20 200 0 SN B 45, Mukai 2577 3@ 3 SHPB 528645 31 1 AH X35 B2 K 0, =0. 106 Fl o, =
0. 155 ALPORAS BN 3 i A8 f 28 , & 307 5 1 0 B A B I 1% 7 A8 56 SOt | (88 Bl b L A ) 2% 3
BBk /N3 K . 5 LRI, Deshpande I Fleck™ X 55 — i ol P FL 0 K 57 A 4 Alulight CAL-Mg-Si) #F
1T 20U 5256, HAHXT B R p=0. 16~0. 31, SLE N AR B Ry 110 ~5X10° s ', Z5 R F W T
£ I 3 % 07 AR SR ARG . Hall 257 % 3L 08 8 6061 14 4 AHXT B p=0. 126 ~0. 34 1) —Ff

 WFHEHE: 2007-04-08; & B HH . 2007-06-16
TEE BN XIEARAQ982—), B AR  EENFE LA RIS T T 07 ST, E-mail :andyustc@mail, uste. edu. cn
BIWAES . EEHEMA96—), 5 882 AL T, BN FERRIR S # b 35 2 5 T 9T, E-mail :jlyu@ustc. edu. cn



230 XUBEAR 45 AR XT 2 fL & B AR 30 35 91 2247 0 B R 119

LI TR A0 B G AE AR RYE ] 1.5X10 °~2X 10" s i SCI B o th 15 H 2R 4536, BRI 3h 107 1 B84 1
AR SRR . X T IFFLIETR 4 8 R AE 2SI F J& . Lankford Fil Danneman'™ 2 £ 1 — Ff gl 77 L Y
KRG 4 Duocel(6101-T6) I FE 447 4 » & BRI 45 58 BE AR AR F6 0 1107 ~1. 2X10° s~ ' ¥ [l AN RO
FMm#E#E A . Deshpande Fleck ™ Hl Lee 4™ SR A [R] ) 55 56 £ R XF p=0. 07 [ Duocel #1 K #EAT T
B Bh A5 R 45 52 56 . ATt A R Duocel 87K B9F 65 1 71 TG A8 AN . Wang 459 %} o=0. 25~0. 30§
A [ LA B TR AL IR AR B 4 (AL-Mg-Si-Fe) AT T fER S M3 8 52 50, A3 1 2L E5 8, IA 0 Ji i iz
77 FI BE K /N 26 B H AR AR A B0 A8 R AR . {E 2 L Kanahashi 2809 % ] 58 45 £ A 1 7 0080 B (o=
0.03~0. 06) FF L. SGI1A Y IR 54 4 (ALSi-Mg-Fe-Mn) 8 25 45 5236 & P, 24 N AS R Hy 1.4 X 10° s i
R FLIEER B G ST G0 EEA(1X10 7 s D E 60%.

BT 30k S A1, — S 2 5 X Y UK 4 JE AORE B B S T2 AT R HEAT T BN TR A SE . Tan 551 SR A
B B R X — R ALK ALSi-Mg & &M R4 A7 AT T SR oE , s B FEI A 10 m/s F
210 m/s. AT 2 30 I IR BE R 4 B 5 35 1% J7 (Plastic Collapse Stress . BJVSE 35 B ) Fifi o 3 B8 00 32 155
T4 15 4B U 285 5 SO 1 2550 5 17 1 5 10 3 A AR G Ao %o o o 3 88 S AR, (L 5 ol o o B R | T
HATTIN A 5 33 S it 1 3 R 4 s A RE B8 1 R 355 1 T RS- 65 N g D A 0N T A 2 g A SR AN L TR T —
AN — 2 R S U A AR il A R AR LUK & R B2 IR AT

WH NN B A SRR B N AR FORBURY . UL, 875 & 2 LM R SIS T 2547 o v B SR
OB BB R IR T MRS 44 1) Z2 AL b s AT s o EL R L 2 R ) 4 S R A v N T I 1 A% 4
BEREOR B R T R A MR &R T AR — M Z R g, N R, R YRy
10° s " AH M B R A F AP RHRES K8 51 R A R R 800 AT L B I . I SCR b T R Y S 5 R,
AR L /N T IAE Tl AR 1 22 LM s S R SRR 1) L LB A A P AR 1 TR 4 CRF PR LA RD) |
AR T B SR AL B A e AR A L (H S i T BEOR R g 1 DRI, sh AR A T BB 1 R TR 4 JE R R AL
By EEE R, R R A b B R B TR R R AR T 3 A M R (AR R S A TR R

R T BRI X 22 AL 4 TR A RE Bl A 2 AT R R ) AT 5 R FHBSC(E A UL 1 T VR R AN [ 3 R )
P A 0] 06 6 A [ B R 1 b TR AR AT N HEAT T RESE , AR B 5 2 1L 4 JE Rk R AR 1 G
FR SRR 1 B 25 R T 0 AR G FR RS- B N T S

2 HERM

2.1 Z#EBEHL Voronoi KR

ST A BRI Ak s e A R FRATTR T B ML Voronoi £ R . FE4 A A, 1Y X Bk - B
BURCF N A S ARSI o AN T —SHEMBEE 0,3 X N M SmA N N A2 008 84 i i
ol B Z G ) i e e — o S5 S GRE ZSE — D8 N L DOz s i S e A miEsk,
AR S8 % 2 (9 T8 B 4 4R X U BV AR R SR AR AL A IR L B 58 1% 2 2% a5 W T BT 4 AR AT
B ZhIE ., EHENZHIHE — DR INZZ 0B NI s e DA — s MR A C 1
YA L 3 ) 3 U, XA 28 R & — A4 A% AR AT REA SR AN MR AX A TE . R B S R B OROE 11 1]
WS B WPE Voronoi 4544, WA A, N N /> s 61BN 4B IE 1Y 8 A IR /N B X3 N OILE %O DUE il—
K Voronoi BE . i J&5 BN ER Ao LANEDE , AT A, P18 _E 2 8 090 B E . 145ty 2 H
T HEREHL Voronoi £ AR Az BT IR

T HEBENL Voronoi HE A Az Y B 08 AN B AT D E SO

E=1—146/0, @D)

A H .0 J& Voronoi B85 H AT 9 4~ 20 i A2 1 1) de /ML T

8 =+/2A, BN (2)

FRXT A B A Ay BT LA 1E S 0 T W 5 45 4, AT 2 WA 4B B 20 i A% 22 e B R BT, AR SR B B
0. 45, R HBEEARIE 1(b) iR,



120 = H L7 i Eild %22 %

g

(a) (b)

B1 ZHEBEHL Voronoi $ AR : (a) MIA% BITE A; (b) k=0, 45 By — A
Fig.1 2D random Voronoi technique: (a) Formation of the grid, (b) A sample with £#=0. 45

2.2 BRTEE

FEFRATTA A R T A TR e R 15 e o ) M R i 50 - LA A b RL, oA [RS8 E °F 66 GPa, JiE IR I
H1 6, 175 MPa, JA#A L v 2R 0. 3,

Voronoi #5509 FHXT %5 FE 7] 3R 0

p=p"/p.= hL >l (3)

L.L,

T o SR I SN AL Y B L o, A2 0 L BE ALY B L h SR MO RE YIRS L L RS G D IRBER L L, (L,
3 ) 2 B A W6 5 A Y o R v

AP E N=200.L,=L,=100 mm, MEERYJEREEH 0. 26.,0. 36 F1 0. 48 mm 3 Fi i B0 , XJ B 1 AH
Xt o 4354 0.073.0. 1 0. 135, MIBER K 1P 35504 3 A4 SAR BTG (4 7 s 0 46 ALy 1 72 BT
BITHEER I B 5 RRGE A. RRIRST I P X I T S A ) AT R S e SRR B o, BR TR 2.7 Mg/m’
A b N IR E T 3 PP E 0. 9.0. 3 F1 0. 1 Mg/m®, %l ABAQUS 4 B JC 5k 14 % AS 7] 3 B T 0 %
PR 45 HEAT T BUE AL

3 HEARMITR

3.1 3 MTEEX

W AR 1) ool PR s T 2t B 3 P AR IR, A&l 2 R, b e us I SRR B o, b 2.7 Mg/m’,
MK BE p N 0. 1, 3 Bl A AR 3 17 A4 o ol R 45 8 J3E 43 00 10,60 AT 180 m/s. 4w ol 8 JBF HL 4 1%
B, BY VIS T A5 Bl AL 3 A1 o 88 58 10 25 UL AR T JE AR I 50 AT TR 2 R e A A2 . Y ol o o 3 AR v B e
JUF S35 )2 i 3, 76 wps 1 — M AR 25 0 85 Dty Bk 2 R sl AR i 2 3l B A Tl S 5 9 &
B 2 (BB, BY U1 AR T A LA R v wp s L T B R JR 0 G B DDA L BR =2 A A AR X, 1 DL Sk
(14 ). XFAS ] 0 S A4 25 38 e o A X6 485 32 ol o P 4 P B 2 Bt 3 A AR T AR XL (B 45 AR TR A8 X 22 ] 1Y
Il 5 He 45 3 B2 AT g A — A+
3.2 EMMAMT L

3 & 3 FAS [l A2 5T e g o o o T RN S P T TR O 54 LT RN AR R ML, NE T
AT LU o AR X b o v ) AR ) R S ) AR N ) SR A A TR . BE A wp e R A AR
B 22 E B WA K, s BN R4 b b R BUAR & R L S T T IR AR Rz T L 5
A5G AR 8 it B 957 5 7 0 4230, FE N 7 07 AR il 2R AN B LA /N D e (B 3 (o), 4 B T X 2 T
JNF 3 % T SR T S 5 3 B A  EL R Sy i A 0 4 A v ) JLART SR R T AR R AR 55

b en Sk o A AR TR B S XA v B 2 7 R AR R UL XA AT Y L AT DA B EEAR BT 4 2 U ) AR




230 XUBEAR 45 AR XT 2 fL & B AR 30 35 91 2247 0 B R 121

Mgk, B 42 THIXTE R 0=0. 1, AR 3 (4 25 B 0435 00 70 A TR) o o R 45 3 B 190 37 7 17 78 il 48
QSR N e N TR K S VX - IO 1 L 1 ey T O W S D AN B TR 1 o R S A
& 4 () Hh g ss B 3 i i BEJELRE (0. 26.,0. 36 H1 0. 48 mm) , XF 8 3 FPAR %25 B, 76 AR R & wp oy T 45 3 R
(v=1 m/s) , B HI X2 B A8 i, 15 7 &t i F 2 5. 0=0. 135 Fl p=0.1 B FH R S b p=0. 073
BF 087 5 2 7 43 il e 1 281, 506 R 105, 7 Y0 . R UL 5 A ek ) R GT % R R ML RE JE BE XS 15 I ) 1Y 5
AR K.

N
IR
/)
&

RV
>
" 4 \"\ N,
T2 YNt

3

D

- .

IR J
vZ
(<

(a) Quasi-static mode (b) Transition mode (¢) Dynamic mode

K2 3 FARTERE

Fig. 2 Three deformation modes
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Fig. 3 Stress-strain curves on the impact surface and support surface under three deformation modes
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Fig.5 Relationship between the mean stress and the impact velocity of honeycombs with different relative densities
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Effect of Inertia on the Dynamic Behavior of Cellular Metal
LIU Yao-Dong, YU Ji-Lin,ZHENG Zhi-Jun

(CAS Key Laboratory of Mechanical Behavior and Design of Materials ,
University of Science and Technology of China »Hefei 230026 ,China)

Abstract; Although the mechanical property of metal foams has been widely studied, there are some
conflicting conclusions on the strain-rate effect and the inertia effect of metallic foams. For a deep
understanding of the role of inertia in the dynamic response of cellular metals, finite element method is
used to study the dynamic compression of 2D Voronoi honeycombs. Three deformation modes are
formulated. “Numerical experiments” are conducted by changing the density of wall material and the
impact velocity. Corresponding macroscopically-averaged stress-strain curves measured on the impact

&

surface and support surface and the plateau stress of the “specimens” are obtained. According to the
simulation results, the influence of inertia is analyzed. It is found that the inertia of the honeycomb has
no effect on the stress-strain curve as the macroscopic deformation is homogeneous. However, the in-
ertia effect will result in nonuniform deformation as the impact velocity is high,and thus the plateau
stress is obviously increased.

Key words: metallic foam; Voronoi honeycomb;inertia effect;strain-rate effect



