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Figure 1. Auxetic structures; (a) reentrant honeycomb, (b)

reentrant triangle.
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Figure 2. Comparison of relationships between Poisson’s ratio
v and Gaussian curvature. Deformed (blue) and initial shapes
(black) for 2-dimensional case. Deformed shapes from an
initial flat grid for 3-dimesional case; (a) and (b) v > 0, (¢)
and (d) v=0, (e) and (f) v<0.
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Figure 3. Hexagonal cone composed of 6 triangles at node on
ABAG; (a) Reentrant honeycomb, (b) Reentrant triangle.
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Figure 4. Hexagonal mesh on node p; (a) Voronoi region
(grey) for computing angle defect, (b) Vectors and angles used

for cotangent formula.
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Figure 5. Initial flat grids with boundary conditions and
forced displacements (arrow); (a) Model 1, (b) Model 2.
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Figure 6. Results of Model 1; (a) Distribution of discrete
Gaussian curvature, (b) yz-plane, (c) Curved surface, (d)

Distribution of cross-sectional heights of chevron rods.
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Figure 7. Iteration histories of objective function.
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Figure 8. Results of Model 2; (a) Distribution of discrete

Gaussian curvature, (b) yz-plane, (c) Curved surface, (d)

Distribution of cross-sectional heights of chevron rods.

6. fER

AL L TRDORT Y a2 FOWIE -1k F
WEVAERIILE ABAG %353 572 O ik itk
FREL. ZhICEY, &EHEOLEL T Y ARk
oA 2 F50 ABAG MG H VS . BERCHIE TR 2 5 Fffi4
%728, RREBILEEMAT A REE TH Y PSO LD A2
HHThsd. BEFIEICELY, BEFEPERTRIT S
T L BIREER RN B, KFIED ABAG DR GEF
EELTHDTHAZ LERLT.
EiF2

ARHFFEIX, ISPS 19120405, JST CREST JPMICRI911 (2
LTI EZ T ZZICRRLTH#ERZETS.

(8530t ]

1) Lakes R. Foam structures with a negative Poisson’s ratio.
Science 1987;235(4792):1038-1040.

2) Evans KE. Auxetic polymers: a new range of materials.
Endeavour 1991;15(4):170-174.

3) Naboni R, Sartori S, Mirante L. Adaptive-curvature structures
with auxetic materials. Advanced Materials Research
2018;1149:53-63.

4) La Magna R, Knippers J. Tailoring the bending behaviour of
material patterns for the induction of double curvature.
Humanizing Digital Reality; 2018, p. 441-452.

5) Sullivan JM. Curvature measures for discrete surfaces. ACM
SIGGRAPH 2005 Courses;2005.

6) Nealen A, Igarashi T, Sorkine O, Alexa M. Laplacian mesh
optimization. International conference on Computer graphics
and interactive techniques; 2006, p. 381-389.

7) Kennedy J, Eberhart R. Particle Swarm Optimization,
Proceedings of ICNN’95 — International Conference on Neural
Networks 1995;4:1942-1948.

8) pyswarm 0.6. Web Site. https://pythonhosted.org/pyswarm/

9) Dassault Systémes. Abaqus User’s Manual Ver 2018; 2018.



