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Fig. 1. Performance of conventional materials under a) tensile and c¢) compressive loads, and performance of
auxetic materials under b) tensile and d) compressive loads [3].
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Fig.2. Illustration of common auxetic structures: a) re-entrant, b) chiral, c¢) rotating rigid blocks [5].
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Fig. 3. Creating auxetic structures inspired by structures with rotating blocks: a) a unit cell of the structure with
rotating blocks, b) construction of a unit cell with similar behavior in two directions, ¢) a unit cell with completely
identical properties in two directions.
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Fig. 4. (a) An auxetic structure consisting of 9 unit cells based on the design of Figure 3 b, (b) the unit cell of this

structure, (¢) an auxetic structure consisting of 9 unit cells based on the design of Figure 3 c, and (d) the unit cell of
this structure.
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Table 1. Characteristics of 3D printed tensile test specimens
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Fig. 5. (a) 3D printed sample with three unit cells and two ends for mounting in the gripers of the tensile
testing machine, (b) the sample in the tensile testing machine along with strain gauge points.
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Table 2. The reaction force calculated at different element sizes.
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Fig. 6. Comparison of the initial structure and the structure after 2% strain (a) experiment (b) simulation.
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Fig. 7. Stress-strain curves of 5 different experimental samples compared with the curve obtained from
numerical simulation.
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Fig. 8. Deformation of a structure with 9 unit cells under horizontal tension at 2% strain. (a) distribution of maxi-
mum principal stress (b) distribution of Mises stress in the walls.
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Table 3 .Comparison of Young's Moduli and Poisson's Ratios obtained from simulation and measured in
experiments at 2% strain.
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Fig. 9. a) A single unit cell of the structure before tension, b) The unit cell after tension and the stresses induced in
it, ¢) a close-up view of the stress distribution in the thickness of the walls.
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Fig. 10. a) A sample of a unit cell and the applied load on it. b) meshing of the unit cell with an element
size of 0.25 mm.

oo cpl oly Jobo o 1) glite (6550 by b AL jlaise ol
2 A IS8 Glae glie (g5p0 byd Jlesl gl ga8 Jlasl
sl B3] B obule g 0k Cob (s350e ol ojle b aw
oad eyl (] ol co Caw @390 v ) G (ed &
$3908 2l 5 Casl) Cuom p3 Canl ST (g0 (obule 5 ol
Solue Jlie 4 45 )00 (S 4 do gl BBl ool g sl )]
Sl a8l bl il (YL o 55 03,5 0 Jlosl ladg den 4
BO5es Cax 50 g dod gbuls a8 (o yai 1 oolaiwl b Jg o]
lj alte polde (sl guly copd Cunl oad 485 a5 55 (gl
3o oLl gl) cus 1) Ggelsy Gy ¥ g 05 dnulbe o
Sy ol yd Yo 5l yide o agly polie > Jodo cnl 4 axgl
ojle by B8l (gjg) ad Sk L S)led el alps S5ST
oaidlml piille @ drgil b (RIS Ggulsy oo (35 e
JB e & Jobe S50 559 aBil dm e Ggely oy
bl 515k 3)50 gjg) o8 Ml (5550 4 @ aygly STl 03 sy
S 55T il g 00 Jleb p 3l oyl bl 4zl gupo 4y S35 S
Si9 ol b ail S @ aly ax e 505 Bkl g alys
el dalgd Cunddy (65 e wle colps 1L sl (¢ gt s
S el Cubll onimd )L o5l dwdin 4 Ggulyy cupo Cpmles
ops Slge gl ¥ Jgis 4 aag b J)le 4.l ojlo ol (oYL

Oz sl CElES bdles 1 S a3 B @y Mk ek
@ ol (6 yieS CunSd (1) g 039 SV plontual 5 (gt plaojls
9 LS oM &S ()50 [TF 5 VO] 95 00 odnlite ;o3 (slaojls
ooy Cuals )3 S5 @5 Ak Aty 3529 3 Jied laals )3 )Lis
ool 50 b Jaled sdalin Cwlbus o (5,8 ¢ i balS g 0388 Culi
sloojlo 59 oo 485 o 1 e Jhad ojls S g ojl s
i S Jy 5 os5 0 8558 Sl 3 i 3] e s
S Glgieds dlae cpl 50 odd Byme ojle imd o Hlis 295 I 65Vl
O 45l & ST cleejls (Al o Sl L ied ojle
bl LI s slaojle cpicmen 5,8 )8 eolawl 5yge 155l YU

S e SiPl e

ojlo (o3 ST aoly Jshoo JS 556 ¥ -0
S5 Cawsls o5l a5 o3l S ) Slodgase Lisu ol jo
SIYV US4 g LS o0 )13 (qwypn 3)90 S (0 bai> 1) 295
Sl omen g Ngd 4S5 3 (golue ojle gl 5 Jobo
Do dalgd and cps 90 )0 ojlw HlB, Al (golue 0 oud edld L
Oslyy cur S Cob ol iz )3 oS e S cnlple
Ol uyd 2 0 gl Sl gwyn Slp g S8l o alj A5 salss
Ll b S b s il Ve S 3o ojl j1 sy Jobo o5
Jobo 0L ol b (slojlo L8, &' (5)90y5 «28)5 )15 Cglite (55

YAA



VAY B WA doio AFY Lo oY oyl B 093 «puiS pual CSlSlo sties & it

A ygly Ao 3l g1y gwilyr w0 ¥ 9o

Table 4. Poisson's ratios for different values of angle o .
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Table 5. Poisson's ratios and Young's moduli of structures in horizontal and vertical directions
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