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Micron-sized autonomous origami machine,
Minsink et al. PNAS 2018
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Micron-sized autonomous origami machine,
Minsink et al. PNAS 2018

Deployable starlight shield,
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Single fold

Crease
Faces
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Single fold Multiple creases

Crease
Faces
Miura-Ori cell,
Liu et al, IJMS 2015
,_?,F{“%i il
12 L_| i‘;‘:ﬂgﬂg‘ab 4@ ”{ ENS de LYON

LABORATOIRE DE PHYSIQUE STATISTIQUE, LABORATOIRE DE PHYSIQUE,

ENS DE PARIS RIP 2018, THEO JULES ENS DE LYON



% Before actuation

Miura-Ori pattern
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Before actuation  After actuation ¥R

Miura-Ori pattern Miura-Ori pattern
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Before actuation  After actuation ¥R

Local Defeormation:
Elasticity

Miura-Ori pattern Miura-Ori pattern
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M Single elastic fold

Crease has a spatial
extension

Faces deform
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Experiment : Single fold under external load
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Single elastic fold

Crease has a spatial
extension

Faces deforms
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e Define a crease
rigidity ?

Experiment : Single fold under external load
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Continuous fold model

S: Curvilinear coordinates.
©(S): Angle between local tangent and horizontal line

W: Macroscopic crease angle
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Fold model

Plastic crease = Pre-strain

- BW , , 5
M Esending = —— (6'(5) — 6(5))

— Local Reference

Bt.en.d|.ng Curvature Curvature
Rigidity
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Fold model

Normalized Lagrangian

i U BW (1 1
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Fold model

Shape: pre-strained Elastica
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Reference Shape

/\ Fold is put at rest
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Reference Shape

/\ Fold is put at rest
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) Fit by a continuous fonction:
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Deformed Shape

Experimentally we reach both ‘K§
compressive (left) and tensile (right) regime.
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Deformed Shape

Experimentally we reach both
compressive (left) and tensile (right) regime.

N Good agreement in both cases ‘K§
" " between numerical solutions and
201 = experimental shapes.
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— Numerical shape

e Experimental shape
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Asymptotic F, L2
Analysis O =65 ~Grsin0 =0
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Asymptotic F, L2
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Asymptotic 2 2
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Asymptotic F L2
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* From continuity to discontinuity

End of the crease: S = Lc

Y =m+20(L.)
M reqse = BW (0 — HO)I(LC)

M : Moment generated by the crease

crease
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From continuity to discontinuity

At the crease: *

L
(60— 80)'(Lc) = 7(6 = 6o)(Lc)

End of the crease: S = Lc

Y =m+20(L.)
M reqse = BW (0 — GO)I(LC)

: Moment generated by the crease

crease
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From continuity to discontinuity

At the crease:

L
(6 = 0)'(Lc) = I (8 = 00)(Le)

End of the crease: S = Lc

Y =m+20(L.)
M reqse = BW (O — GO)I(LC) BW
x M

crease — I (¥ — %) *
M, eace : MOmMent generated by the crease c
B=  « av ks 7.
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From continuity to discontinuity

At the crease:

1
(6 = 00)'(Lc) = I (8 = 00)(Le)

-

End of the crease: S = Lc

Y= 7+ 26(L) %N Crease rigidity
M¢rease = BW (8 — 60) (L)

= (¥ — %)
: Moment generated by the crease crease Lc

crease
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o Other applications
of the model
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Other applications  Spontaneous
of the model curvature
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Thanks for your attention

Origamis by Jo Nakashima
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