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Fig.3 Stress-strain curves of honeycombs under impact
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Fig.7 Deformation mode map of honeycombs in the X direction
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Table 1 Coefficients in Eq.(4)

honeycombs

a c¢1/MPa c3/(MPa-s?-m~2) R
0 0.309 25 3.002 02 0.9972
0.02 0.31032 3.044 07 0.9997
X; 0.04 0.31711 2.992 20 0.9999
0.09 0.27009 3.01471 0.9999
0.15 0.22732 3.025 96 0.9998
0.18 0.20772 3.023 59 0.9999
0 0.408 35 3.053 83 0.9998
0.02 0.407 36 3.000 64 0.9995
X, 0.04 0.34876 3.036 07 0.9998
0.09 0.25866 2.98202 0.9995
0.15 0.26479 2.953 95 0.9994
0.18 0.21722 3.023 59 0.9999




866 ) £

= # 2009 £ FE 41 %

2.3 BEHLBRPAEX Xy HFEFENAIHEME

B 13 T Xy J7 1 RiEs g5 H AR & N
Bt H R ARG R M. YR (v <
Tm/s) B, MEEBERLL o > 0.09 f) W8 2547 & N )
TR s g5, BRRER SNk E M RElE L
MR R PEX — MR IR, B ol B 4R
& (Tm/s< v <30m/s), XM K o < 0.04 F)#
WA, SHARIE AT RS, PN TR AR TE
JR A 5 e Y N2 7 Ak T A I AR 2K ) R S
AR, SEFN 7 e HERR AR N ) B R, s
ZEFLRERE TGO, (AN T o > 0.09 [MIMEE 454, B
K W Gl o A 28 T 43 502 3 S i o TR M B K IR, M
LA AR S, HF SN L s T
FERTIA 10% PAE. Mphidi SR T 30m/s B, —J7
TR L R A A ok T 3 P 8 A0 0 D) ) 2 4R 19 35
AR A R R LR B O M e B XS 58, SR AR TBIX
B (E 6(a),(e),(i),(m)) {5 5 B b 8 5544 °F & B F7 4
I TR 254, 75—T7T o > 0.09 s 2544
BT HUER AR AR A S A, IR P 2500 f) B
BB B, BRI e s S M AT B N B2
P il B EERT 60m/s i, e S ARTEY A 5h
AR, RN & s S R A —B, H
FH T 5% Bk iR /5 e 55 45 0 B AR TR SR MR B3 B 2D TR
Mg LE R, B 13 ORI B N TR R, bkl
B 100m/s B, & pasess 4580 °F & N TSR TR
BT 4549, Zheng 25 U100 75 B FLILARASHILIN] iy 84
S5 R T AR S R i B u s, (R LR
HERE, S8 RAR, Moo BEPLE R —J7
R AN RBCFE N Rm, H—TiH, &%
MG ESECFE MK TR, BACRE

1.15
1.10F
1.05F
[=3=%
S
1.00F
%8,
S
0.95F
; —n— 0=0.02 —8—0=0.04
0.90r \I —a— =0.09 —v—a=0.15
r —o— 0=0.18
0.85 4 + ! : | " 1 . 1 . 1
0 20 40 60 80 100

v /(m-s~1)

B 13 Bt X 7710 F & BT AR P & BT vs. i 8B
Fig.13 Effect of imperfection on the plateau stress in the X3

direction: relative plateau stress vs. impact velocity

350 5 B B PR 5 K e 5 A R B A R R I o
I #EAT A

B 14 45 H T 4 R il BB R BRERS Bk Lot
W B S AR T B N TR, NIRRT LB B, b
dr A 30m /s I B L RE {3068 5 45 4 7 & Y 71K
TR e es 254, It ELBE A G a 19 m, e ss 4544 7
BN S T, X—25i85 Li 2 02 %t 34m/s phif &
JEE T RE B B4 A7 1 S5 M BT ST 4518 — B, AR
FEVR T B A 60m /s BF, R BE A HREAS bR Lb B
I 5K B N TR R, TR B i B e S A5 4
& N 7 0 v TR e 25 4. phi BBE N 100m /s
B, B g 8 254 7 & N 7 R I AN T oy B
BE 30m/s B EI15 AL

1.15
—m— v=7Tm/s —e—vy=30m/s

1.10; —A— y=60m/s —v—v=100m/s

P —

1.05-' L
- __,_,.—-8-< .

1.00F E; :
r '\r

0.95F ﬁ\Y\v

0.90f +/6

0.85 1 1 1 1 1 i i 1 1
0.00 0.04 0.08 0.12 0.16 0.20
o

U;/Ug

B 14 G Xy JTRCFE M AT AR BRI vs.
Ji e B Bk b

Fig.14 Effect of imperfection on the plateau stress in the X

direction: relative plateau stress vs. «

2.4 BEHLERFEXT Xo FRIES R BRI
B 15 A uss 250 Xo 77 ) B2 phbi WP AR TP &
I 7 B o ot B B AR SR R AR B ol o P R e e

1.05

1.00 -

0.95F

0.80 F —n— 0=0.02 —e—=0.04
—a— 0=0.09 =v=—0=0.15
0.75F —e— 0=0.18
1 " 1 " 1 L i " i n 1
0 20 40 60 80 100

v/(msT1)

B 15 i Xo 77 [ F & B 7 %
Fig.15 Effect of imperfection on the plateau stress in the X2

direction



% 6 M

SRR G - BE LR B 0T e 63 454 3 A AT A B B AR T AT

867

M TE TR BT o i U 1 B BRE, BEE AR
T, SRR R ISR BB IR RE 5 8 25 H) 72 i
Kb R, R I AR TR N R BB ) VOB R AR TR
(B 15(d),(g),(1)), B, 2 g e a8 254 °F 5 M 4%
TR 25 4. phili BER T 14m/s I, AL
68 A A el T R ST T i PR S AR, S5 T
5 I 7 I o o R B PR B T K, {H > 0.09 B
W S H L 25 il T R A 30 m /s e A5 B M4
WA (B 15(1),(1)), o7 & B 7 AR LLAL I e 85 25 44
TR A 20%. Xkl @B R T 30 m/s, BN B

—-— Xl

—A— X

‘\A,l
.ﬂ,,}%::%

0.484

0.44

0.40 4

op/MPa

0.36

0.324

0.00 0.04 0.08 0.12 0.16 0.20
e

(a) v=3.5m/s

0.90 4

0.841 A\JL
J e

0.72

op/MPa

0.66 -— T T T T T
0.00 0.04 0.08 0.12 0.16 0.20
e

(c) v=40m/s

MR R, o > 0.09 ) BB S 25 T & N
JrBARE, i A 80m/s B, FEN AR
R ¥ 55 2540 19 93%.

W X0 & Xo WAT5 1 B SHTG MR
DUREL, BEHLGRE XTS5 AE Xy J7 16 b #9158 5% m
BRI, B 16 Al T A FE BT B S5 KT B N
77 W O BERS R LE B AL, ATEURE: X4 o > 0.09
W, SEtBE R A Xy & Xo J5 1 BOF 6 N
A—F, BB I AF AT BR T IS A Bl A IR A AR
JIH9 75 Te P

0.56 1
o 0.524 \l
< bl
< 0.481
o 0.441 l/.\é\i\&i
\é
0.40 1 1

0.00 0.04 0.08 0.12 0.16 0.20
e

(b) v=20m/s
2.34 /1
N\

@ 2.28 /\
& |
=
S 2.221
(<)

2.16 1 §%

2.10

0.00 0.04 0.08 0.12 0.16 0.20
e

(d) v=80m/s

B 16 e oF & N M RE RS B L g AR 1L

Fig.16 A comparison of plateau stress of honeycombs in different direction with different «

3 & it

AR 3O A 7] i BE A Bk L B e s 25 4 i) B S T 2
AT THROTENY, B TEBREHWRE
B, e B i ol T B2 e 49 4 it o 27 0F e 5 5 4 3R
A= B E . WARTEPLE B b, HfBERE
BLES BRI e 65 2 M AR TR AR R e W A LA, B BTk
S0 5| B ot T BRSO 3R B JR 8 R g B 5 S ) 2
MR RN (BT L) . SERE A BT
By, Xt S 63 2 4 A TR K IR) il 57 3 B 2 A B
B LS Bk L B 4 e g 25 A 7E Xy 77 1)y o AR
X (BHE X B2 A i 50 i ) 1 A 5 %
FH o AR S 1 B AR 5 (T AR 5K) 3 il Sk B 4

. P S 45 Xy J5 W R RS (R
5 VR H 70 B R A ) 1) od EAE AU AR B e
R R

XoF 55 i B W e 5 M B N T R R B, AR
TR R R B AR, W5 2547 & N
15w S BE T I B MER R 5 AH R BE KA
MBS LM, Xo J7m b, BB T 0.04
1Y W 5 25 0 °F & N T FE W BB veo BRIE S T RN
WAET SE M. B R B FRLRE RS Bk LU {3 WA e A A A i R
& v MBEFEM BT Xo Hin LRI
o LR 5 e 85 25 F - B N T R, MIBERSBR LK T
0.09 ) 25 7E W R BB ver BHIE T & N JT B8



868 il ] = # 2009 £ FE 41 %

_I%]Ji 20%. 8 Chen C, Lu TJ, Fleck NA. Effect of inclusions and holes
. on the stiffness and strength of honeycombs. International

§ < X ) Journal of Mechanical Sciences, 2001, 43: 487~504
1 Gibson LJ, Ashby MF. Cellular Solids: Structure and Prop- 9 Ruan D, Lu G, Wang B, Yu TX. In-plane dynamic crush-
erties. Cambridge: Cambridge University Press, 1997 ing of honeycombs a finite element study. International

2 Jeon I, Asahina T. The effect of structural defects on the Journal of Impact Engineering, 2003, 28: 161~182
compressive behavior of closed-cell Al foam. Acta Materi- 10 Zheng ZJ, Yu JL, Li JR. Dynamic crushing of 2D cellular

alia, 2005, 53: 3415~3423 structures: A finite element study. International Journal
3 Kepets M, Lu TJ, Dowling AP. Modeling of the role of de- of Impact Engineering, 2005, 32: 650~664
11 XRAR, BEMK, BEE. BESN 2L aRBM R sis 1247
MW, EEYIEEM, 2008, 22: 118~124 (Liu Yaodong,
Yu Jilin, Zheng Zhijun. Effect of inertia on the dynamic be-

fects in sintered FeCrAlY foams. Acta Mechanica Sinica,
2007, 23: 511~529
4 Silva MJ, Hayes WC, Gibson LJ. The effects of non-periodic

microstructure on the elastic properties of two-dimensional . . .
prop W havior of cellular metal. Chinese Journal of High Pressure

cellular solids. International Journal of Mechanical Sci- Physics, 2008, 22: 118~124 (in Chinese))

ences, 1995, 37: 1161~1177
5 Silva MJ, Gibson LJ. The effects of non-periodic mi-

crostructure and defects on the compressive strength of

12 Li K, Gao XL, Wang J. Dynamic crushing behavior of
honeycomb structures with irregular cell shapes and non-
uniform cell wall thickness. International Journal of Solids

two-dimensional cellular solids. International Journal of
and Structures, 2007, 44: 5003~5026

Mechanical Sciences, 1997, 39: 549~563

6 Guo XE, Gibson LJ. Behavior of intact and damaged hon- 13 ABAQUS/Explicit User’s Manual. Karlsson & Sorensen
eycombs: a finite element study. International Journal of Inc, 2002
Mechanical Sciences, 1999, 41: 85~105 14 Tan PJ, Reid SR, Harrigan JJ, et al. Dynamic compres-
7 Chen C, Lu TJ, Fleck NA. Effect of imperfections on the sive strength properties of aluminium foams. Part I-——
yielding of two-dimensional foams. Journal of the Mechan- experimental data and observations. Journal of the Me-
ics and Physics of Solids, 1999, 47: 2235~2272 chanics and Physics of Solids, 2005, 53: 2174~2205

(Fres4t. x4 H)

EFFECT OF RANDOMLY REMOVING CELL WALLS ON THE DYNAMIC
CRUSHING BEHAVIOUR OF HONEYCOMB STRUCTURESV

Kou Dongpeng* Yu Jilin*?  Zheng Zhijun**
*(CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and Technology of China,
Hefei 230027, China)
T(LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract Finite element simulations are performed to study the effect of randomly removing cell walls on the
dynamic crushing behaviour of honeycomb structures. The influences of the imperfection and impact velocity
on the deformation mode and plateau stress are investigated. Simulation results reveal that both imperfection
and impact velocity affect the deformation modes as well as the critical velocities of mode transition. It is found
that the plateau stress is proportional to the square of the impact velocity when the imperfect honeycombs
are deformed at transitional mode or dynamic mode. When the impact velocity is near the critical velocity
between transitional mode and dynamic mode, honeycombs with small fraction of imperfection exhibit higher
plateau stress, comparing to those of regular honeycombs having the same relative density. However, when
the imperfection further increases, the plateau stress decreases obviously near the critical velocity between

quasi-static mode and transitional mode.
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