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igami as bond-node structure

Rigid or
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“bird base”

Vint : # of internal vertices
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Rigid origami as bond-node structure
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‘ Vine : # of internal vertices

3Vinet+Vp-3: # of folds
# of degrees of freedom? Ny = 3(Vipt + Vi) — (3Vipe + Vi — 3 4+ 1)
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Vint : # of internal vertices
3VinetVb-3: # of folds

# of degrees of freedom? Ny = 3(Vipt + Vi) — (3Vipe + Vi — 3 4+ 1)
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Toy example: @ O 8
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Self stresses and second-order
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The second-order constraints are in |1 to 1 correspondence with self stresses!
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vertical
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“Wheel stress”
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Self stresses in flat triangulations
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displacements

“Wheel stress”
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vertical
displacements

“Wheel stress”

T _
u” Qu =10 : : Gaussian curvature

Q symmetric | vanishes at each vertex
stress matrix "

BGC and Santangelo, 2017

MASSTAM

Center for Autonomous Materials




origami n-vertex configuration space

w Qu =0

U (n+1)-vector of vertical
displacements

(n+1)x(n+1)

SZ symmetric
stress matrix

3-dim kernel from isometries
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What are the two nappes!
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@ Negative
© eigenvector
maximizes
Gaussian
v curvature
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What are the two nappes!

The two nappes correspond to

popped up and popped down configurations!
BGC and Santangelo, 2017
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Multiple vertex configuration space
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Multiple vertex configuration space
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Multiple vertex configuration space

@ /3> Vine = 2 = 2 wheel stresses

2 homogeneous quadratic equations
in 3 unknowns

\ Bezout’s theorem:
A@ at most 22 solutions
o 20
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Multiple vertex configuration space
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generated used
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Exactly 27Vi.. solutions 12?2

triangulations precision
Vi
generated used
2 |10C 200
3 0000 690
4 11000 690
5 | 1000 690
6 | 1000 690
7 1300 690
8 |90 690

vertex sign patterns seem
to uniquely label
pairs of branches!
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Exactly 27Vi.. solutions 12?2

Yes, if the crease pattern
is constructed with Henneberg-|
moves from a pair of triangles!
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Exactly 27Vi.. solutions 12?2

Yes, if the crease pattern
is constructed with Henneberg-|
moves from a pair of triangles!
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How to show that all vertex

sign patterns are realized twice!
MASSEAM UMASS
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# of branches < 2*(Vin) %

# of Mountain-Valley choices = 2%creases = 2A 3V +1)

Only a tiny fraction of MV’s can be realized!
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. But how much does a crease pattern really tell us?

# of branches < 2*(Vin) %
# of Mountain-Valley choices = 2%creases = A3V, + I)

Only a tlny fractlon of MV’s can be reallzed’

Maybe we're in good shape...
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One crease pattern with fixed M-V labels :
two branches!

(a) (+) solution (b) (—) solution

Brunck et al, PRE, 2016
Hull and Tachi, ] Mechanisms Robotics, 2017
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Same M-V labels, same vertex sign pattern :
two branches!

A < —
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Summary:
The flat state is singular, @
but self stresses help us navigate... % p
O~

2"V branches from popping vertices up / down!

—

Do these second-order
motions generically extend
to continuous motions?

Tom Hull, Louis Theran
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