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Fig. 1 A strawberry in tetrahedron and in octahedron.

Fig. 2 Strawberries in each truss core.

Fig. 3 Vertically stacked and horizontally stacked BATCP filled with truss cores.
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Tetramonohedron Development with Minimum Cut Length

Erik D. Demaine*

Assume that you are given a large sheet of mate-
rial, from which you would like to make n packages
of the same shape ). The sheet is tough so cut-
ting is expensive, so you like to minimize the total
length of cut. To minimize the total length of cut
and to reduce waste of material, we focus on tiling
shapes P. The sheet is large and n is huge, so the
boundary shape of the sheet itself is insignificant.
Then what is the best shape of P? We focus on the
case that P folds into a tetramonohedron Q, i.e., a
tetrahedron made from four congruent triangles. It
is known that any development of a tetramonohe-
dron tiles the plane [2]. Therefore, we can focus on
minimizing the cut length without worrying about
whether the unfolding P will tile.

Minimizing the cut length when we develop a
given polyhedron is a natural question. Surpris-
ingly, however, there is little research on this topic.
Akiyama et al. [1] investigate the minimum length
of cutting to develop each of five regular polyhedra.
In this paper, we generalize the result for a regular
tetrahedron from [1] to a family of tetramonohedra.

Then @ has the maximum volume if it is a reg-
ular tetrahedron. On the other hand, when P has
the minimum cut length, @ is of volume 0. That is,
there is a trade-off between volume and cut length.
We investigate this trade-off for tetramonohedra
whose faces are isosceles triangles. When we focus
on these target polyhedra, four isosceles triangles
of size 1 : v/14/2 : /142 =1 : 1.87--- : 1.87---
form a reasonable solution from the viewpoints of
volume and cut-length.

Let @ be any tetramonohedron folded from an
acute triangle T'. Let P be the net of @ obtained by
minimum total cut length. Applying the analysis
in [1], we can observe that the minimum cut lines
form a Steiner tree on the surface of ) that spans
the four vertices of @ (Figure 1(a)). When we cut
along the Steiner tree, we obtain a net as shown
in Figure 1(b). When @ is a tetramonohedron, the
resulting net P is a hexagon such that (1) each
angle is 120°, and (2) two parallel edges are of the
same length.

Let @ be any tetramonohedron of surface area 4
that consists of four congruent isosceles unit trian-

*MIT, {edemaine,mdemaine}@mit.edu
TJAIST, uehara@jaist.ac. jp

Martin L. Demaine*

Ryuhei Ueharaf

gles. That is, @ can be specified by two parameters
a,b such that a unit triangle made by an edge of
length a and two edges of length b. Because the tri-
angle is acute, we have b/a is in (1/y/2,00). Based
on case analysis, we obtain the following theorem:

Theorem 1 Let Q be a tetramonohedron of sur-
face area 4 that consists of four congruent isosceles
unit triangles. Then the volume of @ is given by

16“112‘16, and the minimum cut length is given by

min{y/ 5 + %2, /B2 1 L 1 v3).
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Figure 1: Minimum-cut Steiner tree, and result-
ing hexagon.
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Design Development from Sphere Development

BHLERY BAREE
Yoshinobu Miyamoto
Aichi Institute of Technology

BRIGEPUERFAIKIC X, DA TR E %8 Vv PHIBRE D ALK (Z FI#EXE D H 5, RiEIE 1
KD S FIER., & 12~18 Mol chH ), windEEAKDORAD S v, BT
Viviani’s Curve % FE¥#EIZ L 72 5~10 R E D HE S FIE T, HIRNKREICENZEE L RARD
7 R R XL E S /BT H 5, 2 DBKIHT R D & ‘ﬁﬂj SN 5 A 2 G U 72 dhif/ % miA
THA Ve EICHBERO T A v FEEHNT

Two approximate development of a sphere are commonly known: an apple peel spiral pattern and gore
segments for polyconic projection for globes. The former is a single S strip and the latter consists of 12
to 18 identical strips, and the both require large margin area in making. We propose a development
method with 5 to 10 identical strips in S like shape based on Viviani’s Curve to achieve visual roundness

and an efficient layout of the strips. We explain polyhedral and curved design examples with developable

surfaces derived from the spherical curve and demonstrate design methods for application products.

top view iSometric '
3

Modified Viviana’s Curve

4

RIRONIEZEAEERXFICE  Modified Viviani’s Curve 12 Convex hull BEDENH n =
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Models with Modified Viviani’s Curve '/, Variations of interlocking tab construction

RESETHEIEL n=9

Model with Modified Viviani’s Curve a2 Model with Modified Viviani’s Curve &l
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Elastica Light 2010, type P Elastica Light 2010, type E
parallelogram tiles elliptical tiles
interlocking points are on the reference sphere, interlocking points are on the reference sphere,

t=0.2mm paper, 12 identical strips t=0.2mm paper, 10 identical strips
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