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Review of the structural design and mechanical properties of metamaterials

with negative Poisson's ratio

HOU Boxing, JIN Guojie, YANG Lining, YANG Guang

(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018)

Abstract: Metamaterials can break through the performance boundaries of traditional materials through artificial structure design,
and show unique advantages in the fields of impact resistance, energy absorption and lightweight. Firstly, the definition of metamaterials
and their classification were introduced. Secondly, by integrating both non-gradient and gradient design concepts, the two-dimensional
and three-dimensional negative Poisson's ratio structures along with their mechanical properties were systematically sorted out. The
study specifically highlighted the defects and optimization design methods of the traditional concave hexagonal honeycomb structures,
the development and mechanical properties of the three-dimensional non-gradient negative Poisson's ratio structures, as well as the
design concept and superior mechanical properties of gradient negative Poisson's ratio structures, etc. Finally, the research status of
negative Poisson's ratio metamaterials was summarized, and the possible future research directions of this material were analyzed and
prospected: 1) Conduct research on the mechanical properties of negative Poisson's ratio structures under multi-physical field coupling
conditions; 2) Explore the anti-impact mechanism of three-dimensional negative Poisson's ratio structures under multiple working
conditions; 3) Carry out gradient optimization design of three-dimensional negative Poisson's ratio structures; 4) Combine with advanced

manufacturing technologies to realize the integrated design and manufacturing from structure to function.
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Fig.] Load deformation diagram of Poisson's ratio structure (The arrows indicate the direction of the load)
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Fig.2 Negative Poisson's ratio structure with different deformation mechanisms
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Fig.3 Optimized polygonal concave honeycomb structure
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Fig.4 Three-dimensional negative Poisson structure

3 METUAMELER hFEMEREMRITR

Bl FE BT 8 A 2 8] 70 AT S B SR AR SEBLEE M IR e R I — R st i Ui o 2 T X —Beih A, JEid
R R A (8] AT, T LR B ARG R 1) H AR AR AR S, BE A R T A M MR REVERE . BIR 1L
AR B R DR R Rk AL, B T i o b PR RE, (AR SE M TE 2B, AAAEAT AR IR (E T KT
SRR AT BB SR A S B TR N o By X G K R (RIS o R, A6 R LA RL S5 A4 B 2 AL
BOETT, 2 TR 05 A R R AT B R B A it DLRAR IR S IR s M S HGHAT B A B
3.1 ZHEME SURML MR NIF M RERR R

KA AL GE B BE IR 7 AT BB FE R AR T o 2R A M7 s PR S 00 5 A AT A 103 P 51
St — Mo R QAR LL S, CAAREES B MONREEE, Wit IR/ S, XIS KR FEHR I S5 4, BIFTT4s
SR BB RE VLT FT O BARE A I PTrh R R, IEBRRE SR AEME RE R IR A . SRS A A AR A
R — A M1 B ARG K, G A M oA M B LA L BEREEL L GMBREL, AT T 8 FASREIRE I B R
45k, WHTOR DU BE MU 3G K BENS 5 R A5 K HOW RE B . WRRE R RCR AT G NI T _EIRPIASIT Fe e
T AR, X RO ke LA AT AR AOBE R vt s I DA SO RO AR BT S5 A S

FR, BREEBLTE T 1A A AT AR G S M 25 2 Bt AT R R R 2y A Ah 2 3 il e i AR AR L IR SR
B0 P AN S B S5 R BOIAT B FERAL BT o SRR BT T AR P U S5 A, R TR R I R R
TN IR BE 5 R SRR L, Wt TE 4 R MR FE 7 18] I ANFE M SR 3E N 3 SR B AR KD, L rpOUL ) s
FE AR g RO R B . SHAO 5B AL T IE. SUBRRE NI NI K Jr 2k B, R TR RGR R
TP RETE 3T AR USRS 6 77, BIF T 45 SRR B A7OBE 2 S5 A4 B A e ) AL SR LA, A2 o/ T
[ 45 K AR B R LE BRI 12, 1/7. 41 %o 2 W P32 v 1 1A 111 B4 4% A S [ J2 0 B A
ROVEMFIRE T 15 W77 Bl 38 I oK, VAqEL 1 7 e = (8 P m AN s o 322 R DR 45 2 RO AR
X EEAAERLE, SRR D B R B NIRRT S, R T R4 22, FiUENR AN
73 BN I HLN g th 2 A 2 B 3 i 8 K o Bk T i R P FR X1 A U AS ]2 K BE 45 4, 4l 5 o



RIS,

(¢
>

R MO O
>

0.0.0
00
0.0
0,00

000004

Q

RN
?:l’
)

c) 3 JEHRELH
B 5 3k P W R R & S 2 A
Fig.5 Bidirectional concave gradient structure with different layers*!]

3.2 ZHHBE SUARL SR 1F MEER

MAESR, BHRE S M RTHAE = 4R SR AL FE S F it sk e I H B 2B A0S . A3 A R U B s i
JZ. DhRe GutE Sk MR A Sk AT = 4RSS A I BE LA BT, 2 T AU s SRR WTE I & B A AR YA ]
7 AR T LI EG S5 PR R A B T R o R R 7 R G T P 7 0 1A 16 35 o 45 1
17 ZRBE LB, B 1) SOk B2 A e TEA R HRAT 7 SU7E LU e B R IR i F, Wl 6 Fras. ZHOU
S BETE T BT IhRERE () S XU Sk OB U R, R TR BRI T AL, HIECT H MR e R
A BT THE AR . QIN 50 = 4E SRR LU S5 HREAT T RBE B Y BN = E MR AR,
Bl o AR BE b AN R B AL IR R U BRIR TR T2 RS . EIRBFALEE SRR W] = 4ERR B AL
PSS MR T A Rk, R A S A IR R I SR A RT3y, RE Aell 2 B kel TOL R I
FHEREEKR

a) 1 JZBHIELEH

a) =4Erpfugig

e) IREBLBE

B 6 ZipErud s aEshren™
Fig.6 Schematic diagram of a three-dimensional gradient concave honeycomb lattice structure(4?!
ARG DA P AME OB AL BB AR A BT B 0 A RERIE 78 7 1 B R SR8 S o i, 0 LA Y
P TSI B 28R R B e Ry BRASE HEAT 16 B i, & 1 s
k1 BAAW R AR ER BRI R IR ST E

Tab. 1 Analysis of energy absorption characteristics and limitations of typical concave negative Poisson's ratio structures
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Figure 7 Process of printing a foldable paper-based structure with negative Poisson's ratio using extrusion-based 3D printing
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