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e Folded structures

0 Proteins... knots.

0 Membranes

http://cellbio.utmb.edu/
cellbio/mitochl.htm

1 Crumples

Nojima, JSME, 45,
2002, 364
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1 Packaging:

Package designs by Paul Jack

http://lwww.origami-artist.com/pages/
mainpages/thumbs/images/pjpack10.jpg




e Engineered creases

0 MEMS mirror control in Si

P. 0. Vaccaro, K. Kubota,

T. Fleischmann, S. Saravana,
T. Aida, Microelectronics J.
34 (2003) 447.

0 Creases control curvature.




e Engineered origami

0 Arterial stent:

You, Z. and Kuribayashi, K.. A novel origami stent.
Proceedings of the 2003 Summer Bioengineering Conference,
Key Biscayne, FL, USA, June 2003

o Art:

0 Local curvature controlled.
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Isotropic stress -> folding

Stiff membrane on shrinking

substrate

L. Mahadevan, S. Rica, Science 307 (2005) 1740

Add creases:

Compression along ridges gives
folded structure... still defected.




e Model

0 “Scored” stiff membrane in a poor

solvent:

S

1 Rigid plates connected by free

joints
1 Short ranged attractive forces

between plates.

1 Simpler to focus on vertices of an

effective model




e Vertex Model

1 Each vertex connected with rigid

rods:

cﬁi/dt = bonds + attractions + noise

bonds = (Hri—r].H —li].)r;.]. ;all connected pail

attractions = Lennard-Jones, all pairs

_

noise = Gaussian

1 Integrate equations of motion,

Brownian Dynamics.
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Structures

Small crease pattern (stent):

All agree

-

One disagrees

3 independent points “spins”

“All agree” occurs about 60%

frequency... Ordered Ising regime.




e Bigger Structures:

1 Bias on vertex key:
No bias

Tessellation
of 4 copies Up

Alternating
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Other crease patterns

“Boxy” crease pattern:

http://www.thekhans.me.uk/phpBB2/viewtopic.php?t=293
by Mark Leonard
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“By hand” structures... will they

fold themselves?




e Mechanical properties of films

1 Samples->

1 Properties to looks for:

Uniaxial strain,

biaxial response:

Poisson’s Ratio =-1.
-

N\

Spontaneous traction-induced
curvature

1 Poisson’s ratio is a generic feature,
but spontaneous curvature can be

controlled with symmetry.




“Iso-area” symmetry

1 Given vertex assignment, can’t tell

which side of the membrane is

£“’ n

up”:
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CONCLUSION

Scoring can help guide

spontaneous folding patterns

Vertex control is key... how to link

neighboring vertices.

Give creases “mountain” or

“valley” nature

1 DiDonna: cond-mat/0108312v1:

Cross-section, unscored

“Mountain”

/\/

“Valley”

Physical mechanisms...
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Speculation

Controlled collapse

Electroactive polymer

Saltw
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Perforation

High pressure

Low pressure

A VA VAVAN

Combine the two ... selective ion

pump ... lithographic construction.




