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FIG. S1. These schematics show crease patterns for square
twists with various plane angles.

ADDITIONAL SCHEMATICS

To supplement the crease pattern shown in the main
text where the plane angle φ = 45◦, additional fold
patterns are shown here with different plane angles φ
(Fig. S1).

COUNTING SQUARE TWIST DOF

The number of DOF for a generic polyhedral surface in
3D with no holes can be derived from Euler’s polyhedral
formula and is expressed as1,2

DOF = NE,b − 3−
∑

Nf,i>3

(Nf,i − 3), (S1)

where NE,b is the number of edges on the boundary
and Nf,i is the number of edges of the ith facet. For
the generic square twist (Fig. 1(a) and S1), NE,b = 12,
Nf,i = 4 for i = 1, . . . , 9, giving zero DOF. This is con-
sistent with the observation that the generic quad mesh

is locked, and thus has no flexibility. As is well-known,
there are special non-generic quad meshes such as the
Miura-ori3 for which symmetry makes some constraints
redundant. For the Miura-ori this restores one DOF,
but in general, more DOF can be restored depending on
the specific symmetries. Along these lines, square twists
with modified mountain and valley crease assignments
are known to be rigidly foldable with one DOF4.

PREDICTED SOLUTIONS FOR RIGID FACETS

Given the crease pattern alone, a trigonometric anal-
ysis reveals the square twist should have two configu-
rations corresponding to the folded and unfolded states.
Defining the angle Θ to be any of the valley creases on the
interior square facet, we calculate the distance between
the two points that define the folding order parameter δ
and find the constraint cos2 Θ = 1. Thus, Θ = 0 or π,
which respectively, is the unfolded and folded configura-
tions. Taking a similar approach and calculating ∆x/L,
we find

∆x/L =
[(
1 + 2 cosφ± sinφ

)2

+
(
± 1 + 2 sinφ∓ cosφ

)2]1/2
, (S2)

which was used to plot the two black contours in Fig. 1(c)
of the main text.

MODIFIED SQUARE TWIST WITH 1 DOF

As a simple way to explore the role of bending DOF
in the square twist independent of the role played by en-
ergetics, we extend the rigid facet geometric model to
permit bending along the short diagonals of each rhom-
bus, effectively splitting them into two rigid isosceles tri-
angles. Imposing 4-fold rotational symmetry constrains
the crease pattern so that only 1 DOF is added to the
system. Using MATLAB, we sweep through φ from 0◦

to 45◦ in steps of 2.5◦ and solve for the folding order
parameter δ as the rhombus facet bending angle ψrhomb

is varied. We take a maximum deflection of ψrhomb to
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FIG. S2. Bifurcation of the folding order parameter δ when
1 DOF is added from facet bending. For a rigid square twist,
δ = 0 when folded, 1 when unfolded, and due to geomet-
ric constraints forbidden from taking any intermediate value
(black lines). Introducing bending allows δ to take intermedi-
ate values (green dots) with a critical point at φc = (23± 2)◦

that separates a continuously connected region (φ < φc) from
a region with disconnected solutions (φ > φc). Green points
are uniformly spaced in the bending angle ψrhomb, and the
forbidden configurations (φ > φc, white space) corresponds
to the region with rapid unfolding dynamics (Fig. 2(a), main
text).

be 10◦ and plot the solutions in the (δ, φ) configuration
space (Fig. S2). In contrast to the experiments and de-
tailed mechanical simulation described in the main text,
each crease DOF here has a bending stiffness kc = 0,
and each bending DOF has kb = 0 for ψrhomb ≤ 10◦

and kb = ∞ for ψrhomb > 10◦. Though this constrained
bending DOF is a coarse model for how bending works
in real materials, it allows us to isolate kinetic properties
of the structure and their consequences for configuration
space. Indeed, similar to experimental observations, we
find a bifurcation at φc = (23±2)◦ with monostability for
φ < φc, and bistability for φ > φc. Evidently, the extra
DOF introduced by facet bending is a major factor that
enables both the φ-dependent bifurcation and foldability
of the square twist.

MEASURING FLEXURAL RIGIDITY

To normalize experimental force and energy data, the
flexural rigidity D was measured from a strip of 120 lb
paper whose dimensions were L×8.5L, with L = 2.54 cm.
To make this measurement, the strip was clamped hor-
izontally, allowing a controlled length to be suspended
under gravity. Digital photographs were taken from a
side view so that the strip could be seen edge-on and its
deflection determined (Fig. S3(a)). Thus, we captured a
series of images where the suspended arc length � varied
from L to 8L, and with standard image tracking tech-
niques, we extracted the vertical deflection y as a func-

tion of horizontal position x (Fig. S3(b), red line). This
coordinate data was fit to the expression5

y =

(
ρgt

24D

)(
x4 − 4�x3 + 6�2x2

)
, (S3)

where ρ is the measured paper density and t is the mea-
sured paper thickness (Fig. S3(c,d)). Eq. (S3) was de-
rived for the small deflection limit and allowed us to per-
form a one-parameter fit for D as � was varied from L
to 8L. Generally, measurements for � < 2L were domi-
nated by an intrinsic curvature in the paper. For � = 8L
there were also noticeable deviations from to the small-
deflection approximation used to derive Eq. (S3). For all
other values of �, the fits were tightly clustered around
the median measured D. Flipping the strip over and re-
peating the measurements on the opposite side produced
another set of values for D as a function of � that exhib-
ited the same trends. Averaging the median values from
each data set yielded the value used in the main text,
D = (15.6 ± 0.7) × 10−3 N·m, where t = 0.356 mm and
ρ = 871 kg/m3.

To convert the flexural rigidity D to the bending tor-
sional elastic constant kb, we note that bending is con-
strained by the crease pattern to occur over an area
of length L and width s. Here, s is the bending arc
length and, to a good approximation, is s � L/10 for
our experiments. Thus, the bending energy is Ub =
(D/2)

∫
R−2 dA, where the radius of curvature R = s/ψ

and the integral is evaluated over the area where bend-
ing occurs. Approximating R as constant over the bend,
we evaluate the integral and find Ub = (DL/2s)ψ2 ≡
(L/2)kbψ

2. Thus, kb = D/s � 6 N/rad.

SQUARE TWISTS WITH DIFFERENT
THICKNESS PAPER

In the main text data was presented on 120 lb paper
(Fig. 2(b)). Here, we provide measurements of the tensile
force F as a function of plane angle φ and normalized
extension ∆x/L for 53 lb (D = 2.1 × 10−3 N·m) and 28
lb (D = 0.53× 10−3 N·m) paper (Fig S4).

MEASURING CREASE TORSIONAL STIFFNESS

A single mountain crease 21.6 cm in length was made
in a sheet of 120 lb paper and loaded into our custom
mechanical testing device3. The crease was deflected by
0.94 rad and found to have two linear responses corre-
sponding to small (< 0.15 rad) and large (> 0.15 rad)
deflections. For the small deflections characteristic of an
elastic response, the torque was linearly proportional to
angular deflection by a constant kc = 170± 20 mN/rad,
which we take as the crease torsional stiffness.

3
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FIG. S3. Steps for measuring the flexural rigidity, D. (a)
A strip of paper is clamped horizontally and allowed to sag
under gravity. A photograph of the deflection is taken from
the edge view, which extends to the left of the mounting ar-
mature. (b) Standard image analysis techniques are used to
extract the vertical deflection, y, as a function of the hori-
zontal position, x. The red line is the automatically tracked
coordinate data superimposed on the corresponding photo-
graph. (c) The measured deflection y(x) is fit to Eq. (S3) and
is shown here in blue for comparison. (d) The process of fit-
ting the deflection to Eq. (S3) is repeated for various lengths
L of paper. This plot superimposes measured deflection for
one strip of 7 lengths (red) and best-fits (black). As the fits
are nearly indistinguishable from the data, we find this is a
highly reliable method to determine D.

SIMULATION AND EXPERIMENTAL ENERGY
PLOTS

In the main text, we examined the bifurcation be-
tween mono- and bistability in terms of mechanically sta-
ble equilibrium points. Here, we provide an alternative
and equivalent comparison presented in terms of the en-
ergy as a function of plane angle φ and extension ∆x/L
(Fig. S5). Specifically, the normalized total energy in
simulation and experiments both have a single local en-
ergy minimum below the critical plane angle and two en-
ergy minima above the critical plane angle. These min-
ima correspond to the mechanically stable equilibrium
points described in the main text.

ESTIMATION OF SELF-FOLDING GEL kb AND kc

For the self-folding gel sheets, considerations from con-
tinuum elasticity show the creases have an energy scale6

Ugel crease ∼ Ēgelt
3
gel, (S4)

while the facets have a bending energy scale

Ugel facet ∼ Ērigidtrigidt
2
gel. (S5)
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FIG. S4. Experimental strain-controlled mechanical data
studying the transition between mono- and bistability in
square twists. Measurements of the tensile force F (φ,∆x/L)
for (a) 120 lb paper, (b) 53 lb paper, and (c) 28 lb paper
show the transition between mono- and bistability is generic,
though the force barrier for φ > φc dramatically decreases as
the paper becomes thinner.

Taking the PNIPAM gel plane-strain modulus Ēgel ∼ 106

Pa, the gel’s thickness tgel ∼ 10−6 m, the plane-strain
modulus of the rigid PpMS layer Erigid ∼ 109 Pa, and
the PpMS layer thickness trigid ∼ 10−7 m, we find

Ugel facet

Ugel crease
∼ kb

kc
∼ 102, (S6)

as was used in the main text.

GLOBAL ENERGY MINIMA FOR
STRESS-CONTROLLED LOADING

The custom simulation developed in MATLAB and de-
scribed in the main text was designed to follow the kine-
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FIG. S2. Bifurcation of the folding order parameter δ when
1 DOF is added from facet bending. For a rigid square twist,
δ = 0 when folded, 1 when unfolded, and due to geomet-
ric constraints forbidden from taking any intermediate value
(black lines). Introducing bending allows δ to take intermedi-
ate values (green dots) with a critical point at φc = (23± 2)◦

that separates a continuously connected region (φ < φc) from
a region with disconnected solutions (φ > φc). Green points
are uniformly spaced in the bending angle ψrhomb, and the
forbidden configurations (φ > φc, white space) corresponds
to the region with rapid unfolding dynamics (Fig. 2(a), main
text).
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one strip of 7 lengths (red) and best-fits (black). As the fits
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FIG. S4. Experimental strain-controlled mechanical data
studying the transition between mono- and bistability in
square twists. Measurements of the tensile force F (φ,∆x/L)
for (a) 120 lb paper, (b) 53 lb paper, and (c) 28 lb paper
show the transition between mono- and bistability is generic,
though the force barrier for φ > φc dramatically decreases as
the paper becomes thinner.

Taking the PNIPAM gel plane-strain modulus Ēgel ∼ 106

Pa, the gel’s thickness tgel ∼ 10−6 m, the plane-strain
modulus of the rigid PpMS layer Erigid ∼ 109 Pa, and
the PpMS layer thickness trigid ∼ 10−7 m, we find
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as was used in the main text.
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FIG. S5. Dimensionless square twist energy with local min-
ima corresponding to mechanical equilibrium. (a) The sum
of crease and bending energy from Fig. 3(d) of the main text
shows how the competition between these different deforma-
tions gives rise to mono- and bistable regimes. (b) Integrating
the experimentally measured force data produces a family of
energy curves shown here with an offset, which agrees favor-
able with simulations.

matics of the square twist along a strain-controlled path
in phase space. To determine the stress-controlled equiv-
alent and obtain an independent check of our results,
we utilized Tessellatica, a freely available Mathematica
package. To implement the folding of the square twist
in Tessellatica, we define the crease pattern by defining
coordinates for 2D vertices, and assign edges to pairs of
vertices with an associated mountain, valley, universal,
or boundary attribute (Fig. 6(a)).

Valid folding configurations must obey the Kawasaki
consistency conditions, which we briefly describe here.
We start by drawing a closed curve around any given
vertex and define the matrix Ai that rotates by the sec-
tor angle αi so that the ith crease lies along one of the
principal axes. Define the matrix Ci that rotates about
the crease by an angle π−γi. The entire folded form can
then be generated by applying the matrix χi = AiCiA

−1
i

to the ith sector; this matrix rotates the whole sector to
the crease, rotates the sector by the fold angle, and then
rotates back. The Kawasaki consistency condition states
that on a degree N vertex, the rigidity matrix R must
satisfy the following7,8:

R = χ1χ2 . . . χN−1χN = I, (S7)

where I is the identity matrix. This gives a system of
equations for the the fold angles of a vertex satisfying
consistency.

To model the self-folding gel experiments, we start
with a flat square twist where every crease angle is 0◦

at equilibrium, and define the 2D graph accordingly in
Tessellatica (Fig. 6(a)). We then set a reference angle for
each assigned crease, i.e. Θ0 for valley creases and −Θ0

for mountain creases. Facet bending is implemented by
setting the target fold angles to zero for these “creases”
in the 2D graph. The energy functional as given in the
main manuscript is minimized subject to the Kawasaki
vertex consistency constraint. The equilibrium opening
distance x/L is determined for the case where kb/kc = 50
as a function of plane angle φ and target reference crease
angle Θ (Fig. 6(b)). This data shows the existence of
a critical point φc ≈ (27.5 ± 2.5)◦, below which x/L
smoothly varies with Θ, and above which, has a discon-
tinuity. Because Tessellatica analytically solves for glob-
ally minimized energy structures, we do not recapitulate
the hysteresis curves seen in the experimental measure-
ments of self-folding square twists. The existence of the
discontinuity in the global energy minimum, however, is
precisely the signature that would be expected in light of
this software feature.

THE TRIANGLE TWIST

While the work presented here focuses on the square
twist, it is not the only crease pattern that exhibits
a geometrically-driven bifurcation between mono- and
bistability. For example, the modified triangle twist9

(Fig. S7) exhibits similar features. In this origami pat-
tern, the plane angle θ (Fig. S7(a)) has a critical point
at ≈ 67◦. This can be seen by varying θ and plotting the
folding angle a, which is 0◦ when unfolded and 180◦ when
entirely folded. For θ > θc, a continuum of values for a
is possible, whereas θ < θc has disconnected solutions
(Fig. S7(b)).

It’s interesting to note that this triangle twist is rigidly
foldable while the square twist is not. Thus, the con-
tinuum of solutions for folding angle a does not re-
quire bending, whereas solutions in the geometrically
forbidden region with do. This highlights an impor-
tant point: The bifurcation in both square and triangle
twists is a geometrically-driven phenomenon independent
of whether bending occurs or not during the folding pro-
cess. The path through this configuration space, how-
ever, depends sensitively on bending and crease DOF as
well as the separation of energy scales kb/kc.

SUPPLEMENTAL VIDEO CAPTIONS

SI Video 1: Demonstration of weak snapping between
folded and unfolded states of a square twist with φ ≈ φc.

SI Video 2: Demonstration of pronounced snapping
instability between folded and unfolded states of a square

5
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FIG. S6. Input and results from Tessellatica calculations of
the stress-controlled square twist. (a) The 2D graph defined
in Tessellatica that contains all the information about crease
placement and facet bending. (b) Solving for the equilibrium
structure as a function of plane angle φ, we determine the
square twist opening as the equilibrium value of the folding
angle Θ is varied from 0◦ to 180◦. This simulates stress-
controlled conditions and identifies the presence of a discon-
tinuity at a critical plane angle.

twist with φ > φc.
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the hysteresis curves seen in the experimental measure-
ments of self-folding square twists. The existence of the
discontinuity in the global energy minimum, however, is
precisely the signature that would be expected in light of
this software feature.

THE TRIANGLE TWIST

While the work presented here focuses on the square
twist, it is not the only crease pattern that exhibits
a geometrically-driven bifurcation between mono- and
bistability. For example, the modified triangle twist9

(Fig. S7) exhibits similar features. In this origami pat-
tern, the plane angle θ (Fig. S7(a)) has a critical point
at ≈ 67◦. This can be seen by varying θ and plotting the
folding angle a, which is 0◦ when unfolded and 180◦ when
entirely folded. For θ > θc, a continuum of values for a
is possible, whereas θ < θc has disconnected solutions
(Fig. S7(b)).

It’s interesting to note that this triangle twist is rigidly
foldable while the square twist is not. Thus, the con-
tinuum of solutions for folding angle a does not re-
quire bending, whereas solutions in the geometrically
forbidden region with do. This highlights an impor-
tant point: The bifurcation in both square and triangle
twists is a geometrically-driven phenomenon independent
of whether bending occurs or not during the folding pro-
cess. The path through this configuration space, how-
ever, depends sensitively on bending and crease DOF as
well as the separation of energy scales kb/kc.

SUPPLEMENTAL VIDEO CAPTIONS

SI Video 1: Demonstration of weak snapping between
folded and unfolded states of a square twist with φ ≈ φc.

SI Video 2: Demonstration of pronounced snapping
instability between folded and unfolded states of a square
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a

b

FIG. S6. Input and results from Tessellatica calculations of
the stress-controlled square twist. (a) The 2D graph defined
in Tessellatica that contains all the information about crease
placement and facet bending. (b) Solving for the equilibrium
structure as a function of plane angle φ, we determine the
square twist opening as the equilibrium value of the folding
angle Θ is varied from 0◦ to 180◦. This simulates stress-
controlled conditions and identifies the presence of a discon-
tinuity at a critical plane angle.

twist with φ > φc.
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TESSELLATICA CODE

Download and run Tessellatica from:

http://www.langorigami.com/science/computational/tessellatica/tessellatica.php

to predefine all the appropriate functions/objects/attributes. Using Mathematica 9, the following code calculates
energies of the facets, creases, as well as the value of the order parameter x/L.

TSquareTwistEnergy[φ ,Γ ,L ]:=TSquareTwistEnergy[φ ,Γ ,L ]:=TSquareTwistEnergy[φ ,Γ ,L ]:=
Module[{v1, v2, v1rot, v2rot, verts, edges, faces, types, tobj, tobjff,Module[{v1, v2, v1rot, v2rot, verts, edges, faces, types, tobj, tobjff,Module[{v1, v2, v1rot, v2rot, verts, edges, faces, types, tobj, tobjff,
faspecs, foldangles, α, getverts3d},faspecs, foldangles, α, getverts3d},faspecs, foldangles, α, getverts3d},
v1 = L{1, 1};v1 = L{1, 1};v1 = L{1, 1};
v1rot = L{−1, 1};v1rot = L{−1, 1};v1rot = L{−1, 1};
v2 = L{Sin[φ] + Cos[φ],Cos[φ]− Sin[φ]};v2 = L{Sin[φ] + Cos[φ],Cos[φ]− Sin[φ]};v2 = L{Sin[φ] + Cos[φ],Cos[φ]− Sin[φ]};
v2rot = L{Sin[φ]− Cos[φ],Cos[φ] + Sin[φ]};v2rot = L{Sin[φ]− Cos[φ],Cos[φ] + Sin[φ]};v2rot = L{Sin[φ]− Cos[φ],Cos[φ] + Sin[φ]};
verts = {{0, 0}, v1, v1 + v1rot, v1rot, v2, v2 + v1, v2 + v1 + v2rot,verts = {{0, 0}, v1, v1 + v1rot, v1rot, v2, v2 + v1, v2 + v1 + v2rot,verts = {{0, 0}, v1, v1 + v1rot, v1rot, v2, v2 + v1, v2 + v1 + v2rot,
v1 + v2rot, v1 + v2rot + v1rot, v1 + v2rot + v1rot− v2, v1 + v1rot− v2,v1 + v2rot, v1 + v2rot + v1rot, v1 + v2rot + v1rot− v2, v1 + v1rot− v2,v1 + v2rot, v1 + v2rot + v1rot, v1 + v2rot + v1rot− v2, v1 + v1rot− v2,
v1rot− v2, v1rot− v2− v2rot, v1rot− v2rot,−v2rot, v2− v2rot};v1rot− v2, v1rot− v2− v2rot, v1rot− v2rot,−v2rot, v2− v2rot};v1rot− v2, v1rot− v2− v2rot, v1rot− v2rot,−v2rot, v2− v2rot};
edges = {{1, 3}, {1, 16}, {2, 5}, {2, 7}, {3, 8}, {3, 10}, {4, 11}, {4, 13},edges = {{1, 3}, {1, 16}, {2, 5}, {2, 7}, {3, 8}, {3, 10}, {4, 11}, {4, 13},edges = {{1, 3}, {1, 16}, {2, 5}, {2, 7}, {3, 8}, {3, 10}, {4, 11}, {4, 13},
{1, 14}, {1, 2}, {1, 5}, {1, 15}, {1, 4}, {2, 3}, {2, 8}, {2, 6}, {3, 4},{1, 14}, {1, 2}, {1, 5}, {1, 15}, {1, 4}, {2, 3}, {2, 8}, {2, 6}, {3, 4},{1, 14}, {1, 2}, {1, 5}, {1, 15}, {1, 4}, {2, 3}, {2, 8}, {2, 6}, {3, 4},
{3, 11}, {3, 9}, {4, 14}, {4, 12}, {5, 6}, {6, 7}, {7, 8}, {8, 9},{3, 11}, {3, 9}, {4, 14}, {4, 12}, {5, 6}, {6, 7}, {7, 8}, {8, 9},{3, 11}, {3, 9}, {4, 14}, {4, 12}, {5, 6}, {6, 7}, {7, 8}, {8, 9},
{9, 10}, {10, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 15}, {15, 16}, {16, 5}};{9, 10}, {10, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 15}, {15, 16}, {16, 5}};{9, 10}, {10, 11}, {11, 12}, {12, 13}, {13, 14}, {14, 15}, {15, 16}, {16, 5}};
(*definedwithfacefoldsfirst, theninternalcreases, thenboundaries*)(*definedwithfacefoldsfirst, theninternalcreases, thenboundaries*)(*definedwithfacefoldsfirst, theninternalcreases, thenboundaries*)
faces = {};faces = {};faces = {};
types = {U,U, U, U, U, U, U, U, U,M, V,M,M,M, V,M,M, V,M, V,M,B,types = {U,U, U, U, U, U, U, U, U,M, V,M,M,M, V,M,M, V,M, V,M,B,types = {U,U, U, U, U, U, U, U, U,M, V,M,M,M, V,M,M, V,M, V,M,B,
B,B,B,B,B,B,B,B,B,B,B}; (*MMMM central face*)B,B,B,B,B,B,B,B,B,B,B}; (*MMMM central face*)B,B,B,B,B,B,B,B,B,B,B}; (*MMMM central face*)
tobj = MakeTGraph[verts, edges, faces]//AddTAssigned[types]//AddTPlaneGraph;tobj = MakeTGraph[verts, edges, faces]//AddTAssigned[types]//AddTPlaneGraph;tobj = MakeTGraph[verts, edges, faces]//AddTAssigned[types]//AddTPlaneGraph;
Do[Do[Do[
α = i ∗ .45 ∗ π/18.1;α = i ∗ .45 ∗ π/18.1;α = i ∗ .45 ∗ π/18.1;
faspecs =

{{√
2Γ, 0

}
,
{√

2Γ, 0
}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,faspecs =

{{√
2Γ, 0

}
,
{√

2Γ, 0
}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,faspecs =

{{√
2Γ, 0

}
,
{√

2Γ, 0
}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,

{2ΓSin[φ/2], 0},
{√

2Γ, 0
}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,{2ΓSin[φ/2], 0},

{√
2Γ, 0

}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,{2ΓSin[φ/2], 0},

{√
2Γ, 0

}
, {2ΓSin[φ/2], 0},

{√
2Γ, 0

}
,

{2ΓSin[φ/2], 0}, {1,−α}, {1, α}, {1,−α}, {1,−α}, {1,−α},{2ΓSin[φ/2], 0}, {1,−α}, {1, α}, {1,−α}, {1,−α}, {1,−α},{2ΓSin[φ/2], 0}, {1,−α}, {1, α}, {1,−α}, {1,−α}, {1,−α},
{1, α}, {1,−α}, {1,−α}, {1, α}, {1,−α}, {1, α}, {1,−α}, {∞, 0},{1, α}, {1,−α}, {1,−α}, {1, α}, {1,−α}, {1, α}, {1,−α}, {∞, 0},{1, α}, {1,−α}, {1,−α}, {1, α}, {1,−α}, {1, α}, {1,−α}, {∞, 0},
{∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0},{∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0},{∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0}, {∞, 0},
{∞, 0}, {∞, 0}, {∞, 0}};{∞, 0}, {∞, 0}, {∞, 0}};{∞, 0}, {∞, 0}, {∞, 0}};
foldangles = MakeGraphFoldAngles[tobj, faspecs];foldangles = MakeGraphFoldAngles[tobj, faspecs];foldangles = MakeGraphFoldAngles[tobj, faspecs];
tobjff = FoldGraph3D[tobj, foldangles, StationaryFace → 1];tobjff = FoldGraph3D[tobj, foldangles, StationaryFace → 1];tobjff = FoldGraph3D[tobj, foldangles, StationaryFace → 1];
getverts3d = GetValues[tobjff, {Vertices3D}];getverts3d = GetValues[tobjff, {Vertices3D}];getverts3d = GetValues[tobjff, {Vertices3D}];
FaceEnergy[[i]] = Sum

[
faspecs[[j, 1]] ∗ foldangles[[j]]2, {j, 1, 9}

]
;FaceEnergy[[i]] = Sum

[
faspecs[[j, 1]] ∗ foldangles[[j]]2, {j, 1, 9}

]
;FaceEnergy[[i]] = Sum

[
faspecs[[j, 1]] ∗ foldangles[[j]]2, {j, 1, 9}

]
;

CreaseEnergy[[i]] = Sum
[
(foldangles[[j]]− faspecs[[j, 2]])2, {j, 10, 21}

]
;CreaseEnergy[[i]] = Sum

[
(foldangles[[j]]− faspecs[[j, 2]])2, {j, 10, 21}

]
;CreaseEnergy[[i]] = Sum

[
(foldangles[[j]]− faspecs[[j, 2]])2, {j, 10, 21}

]
;

ShapeList[[i]] = FoldedFormGraphics3D[tobjff]/.OrigamiStyle[];ShapeList[[i]] = FoldedFormGraphics3D[tobjff]/.OrigamiStyle[];ShapeList[[i]] = FoldedFormGraphics3D[tobjff]/.OrigamiStyle[];
Folds[[i]] = foldangles;Folds[[i]] = foldangles;Folds[[i]] = foldangles;
Deltas[[i]] =Deltas[[i]] =Deltas[[i]] =√
((getverts3d[[1, 14]]− getverts3d[[1, 8]]).

√
((getverts3d[[1, 14]]− getverts3d[[1, 8]]).

√
((getverts3d[[1, 14]]− getverts3d[[1, 8]]).

(getverts3d[[1, 14]]− getverts3d[[1, 8]])); ,(getverts3d[[1, 14]]− getverts3d[[1, 8]])); ,(getverts3d[[1, 14]]− getverts3d[[1, 8]])); ,
{i, 1, 40}]{i, 1, 40}]{i, 1, 40}]
]]]
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