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Abstract: Materials exhibiting negative Poisson’s ratio (NPR) effects possess several advantageous
properties, including high specific strength, specific stiffness, and impact resistance. As a result, they
hold significant importance in various industries such as aerospace, medicine, transportation, sports,
and other related fields. In the realm of natural materials, the NPR effect is infrequent. Consequently,
the creation of an NPR structure necessitates a manual design. In this paper, we present an architected
lattice system inspired by ancient Chinese window grills. The proposed system exhibits a unique
combination of chiral and re-entrant properties. Experiments and numerical simulations were
conducted in order to quantify the variation in NPR and elucidate the deformation mechanism of
window grill structures. We observed a significant NPR effect in our designed structure, which was

found to be dependent on the g icy of the structure. The present study provides a
foundation for the development of a new category of partially auxetic lattice metamaterials and the

expansion of their design possibilities.

Keywords: mechanical metamaterial; negative Poisson’s ratio; finite element analysis; tensile test
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tc. They have several potential applications in medical, sports,
tc. Design and modeling of auxetic materials 15 still in progress.
In this article we briefly introduce these materials and their different features and
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Introduction

Auxetic materials are those which show counter-intuitive
reaction to the applied force meaning, in contrast to the materials
which thin transversely under axial tensile force, these materials
thicken. Poisson’s ratio is a measure of the transverse strain relative
to longitudinal strain Fung et al.' Claimed that the Poisson’s ratio is
bounded between -1 and 0.5 for a linear elastic isotropic material.
Cork 15 the material with zero Poisson’s ratio. It was shown in the
work of Ting® that for anisotropic materials, Poisson’s ratio can be
positive and negative on the condition that the strain energy density
function is positive and definite. Then the negative Poisson’s ratio
can be achieved in the man-made materials. Unlike the conventional
materials Auxetic materials get shorter in transverse direction when
they compressed in the longitude direction and vice versa. Auxetic
materials have different potential applications in different fields such

Different types of auxetic structures and mo-
dels

Here in this part we present first Eigen modes of 2D structures
with periodic boundary conditions. Taking into account the periodic
boundary conditions, Figure 2 shows the first Eigen modes of the

g | c as well as 2 2D basic cell. There is a
direct relationship between the number of nodes and number modes.
The number of modes increases with the number of nodes in the
basic element. In particular, the number of nodes for the triangular,
g and g basic el is 3, 4 and 6 respectively
which explains the dependence of the number of modes on the unit
cell types noted in the Figure 2. For each lattice cell, these Eigen
modes were assembled to form a periodic lattice structure. Numerical
testing performed by applying a negative strain in the x-y direction.®

Hanee ¢aiin gocTyneH AnAa CKaumBaHuA.
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1sson’s ratios over large strains have been dE’UE‘UpE using zZigzag
potential applications in biomedical devices and engineering (Liu & Zhang, 2018). These materials can
be tailored to achieve Poisson's ratios between -1 and 1, with strain ranges up to 90%. Additionally,
mechanical metamaterials displaying both negative stiffness and negative Poisson's ratio have been
created using interlocking hexagonal subunits with embedded negative stiffness elements (Hewage et
al., 2016). These advancements in auxetic materials open up new possibilities for various applications,
including artificial skin and cylindrical structures with engineered Poisson effects.

3 selected + Show more like these [ Delete = Sort: Most relevant ik Filters 1 Export as

potential applications, with a focus on their potentiall
applications in textiles.

o =2

17



MNepenaute Ha Bepcuto Plus, 4ToObl SKCNOPTUPOBATL CBOU pPe3ynbTaTbl B
dopmaTbl, Takne Kak CSV, RIS n BIB. Bbl TakKe MmoXKeTe n3BNeKaTb AaHHbIE U3
60/1blUEro KoANMYeCTBa 3arpy*KEHHbIX JOKYMEHTOB.

¥ Benefits include
" Unlimited summaries of 8 papers at once
Upgrade to Plus to + Unlimited chat with 8 full-text papers at once
 Export to RIS, CSV, BIB
export your results ~ i
" Extract data from 25 uploaded PDFs per month
+ Add 5 columns to your tables at a time
ble formats like " 1 high-accuracy column per table

act data from more
« Extract data from tables inside research papers

1d access higher accuracy results

Want to use Elicit with a team?
Maybe later View plans = R !
Contact us

PesynbTaTbl. Summary

B xoae HemaBHUX MccnenoBaHW BblM M3yYeHbl MaTepuasabl C OTPULATENbHBIM
KoadpduumeHTom lMNyaccoHa, M3BECTHbIE KAaK ayKCETUYECKME maTepuanbl. YepHblii
docdop, ABYMepPHbIN MmaTepuan, obnagaer oTpuuaTeENbHbIM KO3IOPULMEHTOM
MyaccoHa M3-3a CBOEI CMOPLLEHHOM CTPYKTYpPbl M WapHUpHOro coeanHeHma (Du
et al., 2016).

AyKceTnyeckne maTepmanbl CHMMAKOTCA B MNOMEPEYHOM HaAMNpaB/ieHUM Npu
CXATUM N PACLUMPAIOTCA NPU PACTAXKEHUU, B OTINYME OT OObIYHbIX MaTeEPMANOB
(Ashjari et al, 2017). Msarkue ceTtyaTble MaTepuanbl C W30TPOMHbIMU
oTpuuaTenbHbiMM KoadoduumeHtamm [lyaccoHa npu H6onbwux aedbopmaumsax
6blnM pas3paboTaHbl C MCNONb30BAHMEM 3Mr3aroobpPasHbIX MUKPOCTPYKTYP, YTO
NOTEHUMANbHO MOKET HAaWTU NPUMEHEHME B BUMOMEAMLMHCKUX YCTPOMCTBAX W
nHxkeHepuu (Liu & Zhang, 2018).

3TM maTtepuanbl moryT 6bITb NoaobpaHbl TakmMm ob6pa3om, 4ToObI AOCTUYDL
KoapounumeHta lMyaccoHa oT -1 go 1 npu guanasoHe gedopmaumin go 90%.
Kpome TOro, mexaHnyeckme metamaTtepuanbl, obnagarowme Kak oTpMLUaTeNbHOMN
YKECTKOCTbIO, TaK M oTpULaTeNbHbIM KO3dduumneHTom MyaccoHa, bbian co3gaHbl €
MCNONb30BAaHMEM  B3aMMOCBA3aHHbIX  FEKCAaroHa/bHbIX  CybbeauHuy,  co
BCTPOEHHbIMM 3/IlEMEHTAMM OTPULLATENbHOM XKecTKocTu (Hewage et al., 2016).

3TN [AOCTUNKEHUS B 00NACTM ayKCETUYECKMX MaTepuasioB OTKPbLIBAKOT HOBble
BO3MOMHOCTM ANA Pa3/IMYHbIX MPUMEHEHWUM, BKAKOYAA MCKYCCTBEHHYIO KOXY U
UMNAMHAPUYECKME KOHCTPYKLMKN C UCKYCCTBEHHbIM 3ddeKkTom lNMyaccoHa.
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