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Triangul

Many-Celled Soap Bubble Arrays Since the minimal tetrakaidecahedron has It must be stressed, therefore, that even
slightly less surface area than the trun- for equivolume arrays, the mlcr’umzl ter:Ira- The re pes
Where equal tensions exist in all the faces  cated octahedron, it presumably is the kaidecahedron can be considered only a les isa
of a cellular array, the array equilibrates minimum-energy shape for an array of theoretical ideal solution g
into an arrangement in which all shared | bubbles |
faces meet at angles of 120° and allare TR *With soap bubble arrays of two g,'"‘e:;es':‘; ";l’c" n‘;ent in tl'
vertices are joined alike by four edges Although the Kelvin tetrakaidecahedron is  umes, Matzke found an average s closest
meeting at angles of 109°28'. This is the ma?hematrcally ideal minimal-energy ~ and again observsegr:";a:a‘?eee';‘;{:gzs :,ﬁﬁzs P
exhibited in the random array of soap equivolume cell shape, it rarely occurs in ~ Were pfentagons'e reported for leaf tissues by from stru
bubbles shown in [1.8].* nature, for the simple reason that nature '&‘:‘Z:gr el ided
NSRS Baliash rarely partitions equally. The few known alae ey
!lm behavior, nature has pro- cases where it has been observed shows "
vided us with a most elegant demonstra- it in fairly distorted form. Matzke (1946) Closest Packing of Circles those req
tion of minimal principles. When studying  conducted experiments to create equi- e.g the ¢
a soap-film array, such as that shown in volume soap bubble arrays. He was un- b
[1.8], we quickly note that neither pure able to actually form the Kelvin minimal closest Pl
rhombic dodecahedra nor pure truncated  tetrakaidecahedron, but in a sample of .
octahedra appear. The Kelvin minimal tet- 600 bubbles was able to show that, as an If circles
rakaidecahedron has been proposed as average, the polyhedra had 13 70 faces, .
the archetypal soap-bubble cell. With very close tothe 14. He also observed possible,
the minimal tetrakaidecahedron Kelvin en- that a majority of the faces that appeared I
larged the class of truncated octahedrato  were pentagons. It is interesting to note gles are 4 ;
include those whose faces are saddle- that the tetrakaidecahedron has an aver- paC ked r
shaped hexagons bounded by plane age of 5.14 edges per face. Figure [1.9] | 4 :
arcs. The square faces of the truncated shows camera lucida drawings made triang les e o B y il
octahedra remain plane, but are neces- from bubble froths in Matzke's experi- AVAVAV | i T Ny A f
:(ajrg;lgsal'?g' b‘:UNG:!d by ::e tsame ?rg ments. The predominance of five-sided {h‘* "‘g‘;‘%“i‘_‘ “' J—‘J*|*J*?/*
- Ihis transforms the truncated oc-  faces is evident, as is the recourse to Wi o WAy NSNS AAT 2
tahedron to the minimal tetrakaidecahe-  3-connected vertices to the exclusion of In a three %‘A‘gmm‘vm A y A’—A_*\Ai‘h
dron and satisfies the requirement in all others. V] “k\"‘ A‘“ ) A"'A ‘VAV v
space filling array that three interfaces paCked ( | \‘r Am A
meet on a ccmmon edge at 120° angles 1.9 Camera-lucida drawings of soap bubble h 3 A‘“ ‘ A Am
and that four face edges meet at a com- cells (Matzke). The number of faces is given for Closest Packing of Hexagons Sp eresv hﬁ A Av‘y
mon point at 109°28" angles. The minimal each figure rounded ——
tetrakaidecahedron, like the truncated oc- 1.2 Triangulation of two-dimensional closest
tahedron, has a fully triangulated dual y the OUter
network (tetragonal disphenoidal net- packed a"ays' l h d
work). polynear
“Such relationships were first recorded by " ® " ? 1.3 FigUfeS fOfmed by closest paCked equal [1 38] In
Plateau in 1873 while experimenting with soap :
films. See Smith (1954), Courant and Robbins, @ @ spheres. surround . .
and Thompson II, Chapter ViI - .
hexagon Adaptive triangulated geometries applied onto 3D
ﬁ ) packed t
n 3 n " 1 -
~ possible curved surface based close pack theory(MIT press:
equilater
sphere ig
A
\ \ - . spheres,
| tetrahedy
a Cuboctahedron b. Regular Hexagon .
@ @ § If six equ
octahedr|
spheres
corners ¢
is create
ﬂ centers 4
i - t squares
Nature bubble arrays system:Structure in nature R e
' ' MIT : 1978 | ctable of
€ may continue adding hemispherical IS a- Strategy for deSIg n ( preSS ) stable ¢
bubbles to our structure, and not once will ’ here, of
an intersection appear in which there are \ diagonal
other than three edges meeting at a point faces
[1.10f-h]. If the bubbles are all of approx-  b. g
imately equal volume all the polygonal
circuits that are formed will be very close Conside
in shape to hexagons, except those at the i

periphery of the array. If there are great C
differences in the sizes of adjacent bub-
bles in a random array, shapes other than
hexagons will appear: pentagons, hepta-
gons, even octagons or more multisided
circuits [1.11]. Nevertheless, there will
still be no exception to the rule of three
edges meeting at a point, and in suf-
ficiently large arrays the shapes will tend
to average out to ones of six sides. In all
cases, the dual network will be triangular,
although not necessarily equilateral. f

n
8
§

1.11 Triangulation of a planar array of random
bubbles viewed from above.

In three-dimensional arrays of bubbles the
rule appears to change to the extent that
there are always four edges meeting at
each vertex at angles of 109°28". In actu- &
ality, the view of three edges meeting at a
point at 120° is simply a p/an (cross sec-
tional) view of the three partition faces
meeting on a common edge at 120° an-
gles.”

=

BRDBRDOD O

1.10 Simple planar combinations of hemispher-
ical soap bubbles viewed from above. The
“square” array (e) is unstable.

This is easily demonstrated with a wire frame
hedron dipped in soap. (See Thompson

Planar array system of triangulation of rundam bubble
applying onto 3dimensional geometry
(MIT press: 1978)

Explanation of our computational design flow -
. 4 Iriple Bottom Line



|
¢ N\ \
¥
4
»
Y ’
" s )
| ! g

Project Trans Nature
B-rep (Surface) + GH, Dynamo

Triple Bottom Line



Project "Myth Android”

Creating brand new Eams chair by generative design
CAE+3D Scanned Geometry, Machine learning , Generative Design
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