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ABSTRACT
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negative poisson's ratio

and their ability to produce complex structures, it is possible to produce

auxetic structures with unique performance using this method. Additionally,
integrating re-entrant unit cells within conventional re-entrant unit cells and achieving
a novel merged re-entrant structure can lead to improved properties.
Methods: A novel re-entrant auxetic structure is presented in this study, which is
designed by merging four small re-entrant unit cells into a larger re-entrant unit
cell and produced by 3D printing. The larger re-entrant unit cell is a conventional
re-entrant unit cell, in which the novel merged structure is created by embedding the
smaller unit cells within its ligaments. For comparison, the conventional re-entrant
structure was also designed, and 3D printed. The Poisson's ratios of both structures
were measured and compared at different longitudinal strains (from 5% to 25%).
Findings: The results show that both structures have a negative Poisson's ratio
and exhibit auxetic behavior. The novel merged re-entrant auxetic structure
performed better at lower longitudinal strains (5%) compared to the conventional
re-entrant auxetic structure, while at higher longitudinal strains (greater than 5%),
the conventional re-entrant auxetic structure performed better. Additionally, the novel
merged re-entrant auxetic structure demonstrated better capability in maintaining its
shape at higher strains compared to the conventional structure. The highest negative
Poisson's ratio values obtained in this study correspond to a longitudinal strain of
5%. In this case, the Poisson's ratio of the conventional re-entrant auxetic sample is
-1.56, whereas the Poisson's ratio of the novel merged re-entrant auxetic sample is
-1.58. These results indicate the high potential of the novel merged re-entrant auxetic
structure in various engineering applications.

Hypothesis: Considering the increasing advancements in the field of 3D printers
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Fig. 1. (a) Unit cell of conventional re-entrant auxetic structure and (b) merging re-entrant unit cell considered in this study.

Lyl & .6us 1 55 eslel Creality Print Slicer 5 sslizul U 5 o
(nozzle) SLadl 3l odal \ Jdr 5 Lo yad W 5 (gl 2
oo b plisyl 5 A eslinad b sad Slr sl +/F mm s L
S S s e 5 Ol S S a5 /Y mm
&wl,rﬁwdum LA das Vel 5 0 mm/s (g5,
LS esls JIEYY °C 580 6y 50
g SanST il gdutw Ol gladise @) F S
Sz b siman Ol gladisel 0) ¥ S £ e
Shols sdilr KanST o das o 0L | s slosl by 5

(a)

il 00 YOO a5l 531 Lot
2z osee glily 3 3 dly gladshe ) 2 alS L
Sle (@) ¥ e &S Ll casn IS SansT gl b
a5 SaeST ksl () ¥ IS 5 o e a5 SaeST

s o OLES 1 op gy eles]

Sumdw Slr
S 4 CR-10 Smart gimaw Sobr G 5l bk sei I 5 1,
>, SolidWorks )lj-élp; 53 Lages S eslanal Creality

®)

ol Jiasn s eddal)l p g slesl 4t g SKanST asly Jole Y IS
Fig. 2. Novel merging re-entrant auxetic unit cell proposed in this study.
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Fig. 3. (a) Conventional re-entrant auxetic structure considered in this study and (b) novel merging re-entrant auxetic structure

proposed in this study.
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Table 1. 3D printing processing conditions of samples.

Parameter Value
Nozzle diameter (mm) 0.4
Layer height (mm) 0.2
Printing speed (mm/s) 50
Nozzle temperature (°C) 230
Heat bed temperature (°C) 60
Cooling fan speed (%) 100
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Fig. 4. 3D printed sample of (a) conventional re-entrant auxetic structure and (b) novel merged re-entrant auxetic structure.
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