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Autonomous Generation of Structural Form by Cellular Automata

Kazuo Mrrsurt

This paper presents an effective method for designing structures using a cellular automata,
representing a simple conceptual basis for the self- organization of structural systems. The
proposed methods are sufficiently simple to solve topology optimization problems as pure 0-1
problems, and yet sufficiently complex to express a wide variety of complicated topologies.
Local rules for the birth and death of cells are all that is required for this method. The ef-
fectiveness of the proposed method is demonstrated through numerical topology optimization
problem examples. The method proposed in this paper offers a new approach to structural

optimization, overcoming most of the problems associated with traditional techniques.
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Fig.1 Design domain and square grids.
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Fig.2 Target cell and neighborhood.
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Fig.3 Input and potential.
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Fig.4 Step function concerned with birth and death.
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Fig.5 Design domain, load and support conditions.
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Fig.6 Histories of von Mises stress.
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(h) Final result
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Fig.7 Generation of the two-bar frame structure (1).
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(h) Final result
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Fig.8 Generation of the two-bar frame structure (2).
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Z

(e) Final result

0 10 MichellOOODOOODOO
Fig. 10 Generation of Michell type structure.
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Fig.11 Histories of von Mises stress.

5. J0OOobOoOOoooooooo

01200000000000000000000
000000000000 000D00D0000000
0000000000 80x500000000000
0000000000 1mmO000000 207 GPaOd
000000 030000000000000000
00000000 3000NOOODOOOOODDOO
0000000000000 lmmOO000000
5,000mm® 000000000000O0O0OOO0O
O0OBendsoe 0 00000000 ODOOOODOO
ooooooo
00000000000000000000 (5)0
00000000000 00D0O0O0000000On
000000000000

C= %{P}T{u} (5)

000O0{P}0000D00000O{u}00000
00000000i000000000000000
000000000000000000000000
0000000000000 00000000000
(6)0000

1o i riing, i
ai = g{u'} [k Hu'} (6)

00o00{«}0+i0000000000000000
000K)O0DO0DO0D000D000000000
gboboooooocOoocoobOobOOoOooooboooo
goboooooooooooooooooooooa
gobooooobooooooboooboooooboooo
gooooooooobocooooobobooooooon
gboooocooooobooooooooboobooo
ob00 o O000000000obobobo0oooon
oboooooobooooooobooooboooooo



Vol. 44 No. SIG 7(TOM 8)

160mm i

3000N ‘ 100mm

N

012 000O0O0O0OoOooooooo
Fig.12 Design domain, load and support conditions.
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(a) Initial design

(c) Final result
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Fig.13 Generation of short cantilever with a
displacement constraint.
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Fig. 14 Histories of displacement and volume.
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Fig. 15 Histories of mean compliances.
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Fig.16 Design domain, load and support conditions.

(a) Initial design

(b)

(d) Final result

017 MBBUOOOOOO
Fig.17 Generation of MBB beam.
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Fig. 18 Influence of A\ to generating structure.
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Fig. 19 Influence of A to convergency.
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