44 % B & 201645 £61% £ 13H: 1421 ~ 1427

.

@(Hﬂﬂ%) Jeiiil

SCIENCE CHINAPRESS

BB =ESsm B#RERE

FET B 53 L as A S LEA UM A1t

Wb, BT, LR, IVE, DL, AAK

P ETRRRFIELE, P94 710051
* It Z A, E-mail: mahuar@ 163.com; qushaobo @mail.xjtu.edu.cn

2015-12-25 Wk, 2016-01-21 & [51, 2016-01-25 5%, 2016-03-07 M4k 3=
[E% H AR B4 R H (61331005) 42 R T A 2A 00 10 SCAE# L5 42(201242) . [P SR 524 (2014M55245 1) FIBR P4 44 H1 A5
R Q1357 A1 BA (2014KCT-05) % Bl

% TSI AN R B AR R A R, AR AR R R A FN AT, AERFERR.
ARSCK AR AR I %, BT HAE TN EME TR, R T —HHARH AR EM, F
R TAINM g FEA BREEEFARTANEZFEEMN T Y RURELSLEMS B AN X R, LT T
WEEFEENGETCENERRELENAX. ALARTHE, REBITEERSARTITHERATN,
P AR B — B, BIE T EAb A KB WM, X RURAR AR A AR R EIT 5 BR AR — R 2R S R L

Keplial  URAEAR, EREMEEE, fARK, ARTHRE, 5K

bifi 25 B MR R A3 R R, HAR TR EB i
REFZIAFENE w0 H, A3t T g
TliE | TS ML 1 K (mechanical
metamaterials) S IT 4F >k — A~ Hr iy 403k, 2 H #irE
AN OGS 2 —. ML M R TS B A
I8 Ao X AR R B L Ae et SE LA S B LA P
RN O RNt (2 2ok v o S = (B RO R o400
R, AHREY 72 BE Qs Bt 22 0 55 1. i AL B A1
DL S AU A5 A BT B RS, TR SE B kR %
JE R 2 HART). 20104F, Jang %5 A3
IRSCHLIREE R, $EH T 1 DUTHAARZS F BT RIS, SEE
T A PUERE . 20134F, Weids APWFSE T =
PraCEEH (Miura-ori) 9 1 22 R, XS5 H M BHEA T
JA#A H (negative Poisson’s ratio) %5 A K I AR
RE. BT, OC T YT 4Cas A AL 1 L i 58 ) 1 e
TF, HAMYE B S T 4S5 A 1) = 4E S5 Y
:E‘iz/f/t[l(%l:ﬂ.

TEDUAORE AR R & 48 2 1, AT A A

BB B S, (H R A 5 B AR BLAE S5 A A
I 5T AR FH FP . E G R 0D A e 2 R e el S
BN R AR e ST BT A /S T e ns 4k 0, SR H.
T SR AN KSR PERE, W) R
IR, FL7E19824F, Gibson&E AL g Ags 1 Sy JEfi
IS O T S I B s S R AR B S S B, HEar
T EXBGibson AR, BlJE, &S ANE Y ik
B URE MR A 45 A5 T RO I T, X Gibson 2 kAT T
BIE, T ARXAREEE. A FUARS AR 5
PR B R AN RIS, T T0A R AR A
FE R AN [ PR 2 — . TOA RS He AR BT LLRE
% W A EL R R AT SR A RE, BRI AR T HO R A £
AR LR (5 44 G 7 25 P e A9 2R K4 . il
kR B R B e, HRER e, R e AR 4
Hb R R SR B 1 R s, AR SR
“HUE IR, REARAF MBS H AR SRk i R, R
WIRRFFE o, )32 R A0 R e e 25 F B, s RN
1% 52 10 75 T e 6% 45 4 B T35 78 Sl N T 7S 3 T e

Bull, 2016, 61: 1421-1427, doi: 10.1360/N972015-01314

SIRRER: Wi, DM, TE, 5. LT IOBEERINAS M GOAK L LG R, BlA#8 4, 2016, 61: 1421-1427

Jiang W, Ma H, Wang J, et al. Mechanical metamaterial with negative Poisson’s ratio based on circular honeycomb core (in Chinese). Chin Sci

©2016 (PIEREE) Ikt

www.scichina.com  csb.scichina.com




4 % b & 2016558 Fe1s £ 13H

SEFY, IS B GIA RS FERR U R TAREAR I L
TH 7S Y G5 BT R R SOR B SR R T 2R PR,
HOA Ty 2 5 e T LR MR T B ) 25 H  Ak
SR SRt R T P A 4 e e 8 A ) BRI A L T 4
g £ A A R AR BT 04 s 2 R L 5 LA A
) PR E DGR S L e e 3.

AR AL MR T J7 i, Bk TR S
W ORI 5 K BT iR T, $R T — R B E
TR LSS K, S T ARR 1Y )28 is At ik
IF 5T T I8P e 63 S0 &5 M) 1) 45 20 3 1 A5 4t (effective
elastic modulus, EEM) 5 &4 S Z BRI C R, H
ST IR B A /N R Y R PN A AR AR A
K. RAA BRI E, XFLUR A 4 3otk R B IE
WEET N A HEAT T 1RO B L, BRI A5 R S
B EA BRI —280E, WmuER] T H#HE A X
IEAfE.

1 B ELEERIE ) E R R 5 2 B
Bt T — R BRI 8 S AN A, 15
IR NG AT . TT LA th, A BT
YT P PR, BT PSR ERRERR | 22477
AN RLBEAR A B A e BE AL . 51 A I PRBEAR,
AT R NG Mg, s E .

11 SRIBEE RS R U 12 R P o B
VINEIIEREINI NP € N VN ]
JEV IR 254 R O — A BT, A T s R (K 2).
BB " HELE A R IR A AR R 4T T XOYF- 1
E SCTHAR A BE 32 2, 2 B R BERT ) A48 9 r(r>>1),
FEAT T ELREA Y 8 2 R 2h(h>r), ARSI HEAE A Y BE

B 1 (MZROR ()P 3855 6 0 SR S 4 51
Figure 1 (Color online) The periodic structure of circular honeycomb
core

1422

o, - |M — o
-— —_

B 2 (MZRUR () I 8 33 08 ) A58
Figure 2 (Color online) The mechanical model of circular honeycomb
core

PR X T 454 B0 25 18] 32 A 1 SR 138 0 B9 4 SRy m,
G T BT XOY -1 B9 S B R d, e XA YT 1] 7Y
N 353500 R o Fl oy, M 45 K 32 B X 5 ) 3 Yl
7 Tl BT A I, S5 A 2 AR . AR 3 A 45
N, BIEARAE/NERIN, %IB 28 SEIE A . fE/NE
FIE AL, ML ORISR I, AF AR A
TROMRE(E. B B ARG K, G AE R ) 2 rh AL
FEAEYAPEIE A R, FEHAB SRRSO, H
SRR A A B A e AR AT AR A AR SO EE B A
NEASTERIN, BFFE T e 60 S i S RO R
HEHZ A RR.

1.2 IR RN SRR PR

(1) Yy m A SE R bE i, o eabi s
It HUA Yl T ) 32 23946 2om7 o, 7 H 191 B (0,=0).
W3 ()TN, A 45 BT TE LI L 52 X6 7k 28105 FAE
FHFBAN). R FET, 122458 5000 45 BE AR
B o= e s TR AR, H R 1 AE B T A 4 i
NAERE . BYUINARRE AL M N AR RE. AR AE T, hir
iR AR fiE | 5Y U AE e 5 2 il AR e AH LLAR /. R,
1E 32 B8 2 oK i 45 W 1 S R e A e i, %
JRES R A

Wy 7K J7 [ DEXE i 45 A VT (K13(b)).  HH #fmr Y
YRR, #EDAE FAY BT o &, B i
1 Fno MM, MRG58 15 S K, Fno=FI/2,
WA MoAR R, 1CAEFry. BF58H Z08 T S 5 A5 B,
HEBEFTBIAT AL A MIPEAT, B 5 i A4 57 7 7 7258 A0 45,



FNO

B3 (SRR ()M 5 8 YRl T 10 3% 01 73
Figure 3 (Color online) The force analysis of circular honeycomb core
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Mechanical metamaterial with negative Poisson’s ratio based
on circular honeycomb core

JIANG Wei, MA Hua, WANG Jun, WANG JiaFu, FENG MingDe & QU ShaoBo

College of Science, Air Force Engineering University, Xi’an 710051, China

Mechanical metamaterials are artificial structures with mechanical properties defined by their structure rather than their
composition. As a new type of metamaterials with unique mechanical properties and promising prospects, mechanical
metamaterials have attracted great attention and become a new hot spot in the field of metamaterials. Mechanical
metamaterials with negative Poisson’s ratio can exhibit novel mechanical properties such as excellent resistance
capability of bending deformation and indentation. This type of materials have good prospects in many applications such
as variant flexible wing skin. In this article, we adopt the design method of mechanical metamaterials to improve the
structure of traditional honeycomb core and propose a new type of circular honeycomb core unit to obtain negative
Poisson’s ratio. The advantage of circular honeycomb core is that this new structure is more stable than traditional
concave hexagon honeycomb core. We established the corresponding mechanical model of this structure and adopted
energy method to study the dependencies of structure parameters for its effective elastic modulus. The bending strain
energy was taken into consideration while the tension and shear strain energy were ignored because they are very small
compared with the bending strain energy. Then the expressions of effective elastic modulus in the directions of X and Y
axis can be established in the condition of small deformation. In order to verify the validity of theoretical results,
finite-element simulation method was employed to our study and we adopted periodic structure as the finite-element
simulation model and aluminium alloy as the base material. The results of theory and the simulation have good
agreements, and we found that its effective elastic modulus E, is mainly depending on its height /2 and thickness ¢ while
E, is mainly depending on its radius » and thickness . And the thickness f may bring about deviation between theory and
the simulation when it increases. The Poisson’s ratio of this material was also investigated through finite-element
simulation method and different values of structure parameters were selected. Among these structure parameters, when
h=35 mm, r>21 mm and #=40 mm, r>24 mm or =45 mm, r>26 mm, negative Poisson’s ratio can be obtained. The results

indicate that the composite structure based on circular honeycomb core units can achieve negative Poisson’s ratio, which
can be controlled by structure parameters. The excellent mechanical performance of light-weight and its negative
Poisson’s ratio make circular honeycomb core a promising candidate as engineering material. And our study may pave a
useful path to mechanical metamaterials with negative Poisson’s ratio.

mechanical metamaterials, effective elastic modulus, negative Poisson’s ratio, finite-element simulation, honeycomb
core

doi: 10.1360/N972015-01314
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