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3D Printing
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Our Ink

Cellulose Nanofibrils + Acrylamide Monomers + Clay = Composite Ink
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Our Ink

Cellulose Nanofibrils + Acrylamide Monomers + Clay = Composite Ink
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Elastic Anisotropy leads to swelling anisotropy
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Brief Primer on Curvature

Mean (Extrinsic) Curvature:  H = (k1 + k2)
Bending energy
H=0 H<O

Gaussian (Intrinsic) Curvature: K = K1K2
Stretching energy

K<O K>0




A Geometric Model
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The Model

Theory of Anisotropic Plates and Shells
Curvature in Monge Gauge  Kij = 0;0;H (x,y)
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The Model
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Controlling Gaussian Curvature
K>0
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Controlling Mean Curvature
K = 3/2(04-0)/h = 0.45/h mm”
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To Twist or Not To Twist, That 1s the Question
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Forty 4D Folding Flowers
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» t=25 min
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Reversibility

Replace PDMA with PNIPA

£

PNIPA undergoes a hydrophilic-hydrophobic transition at 40°C.
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Forty 4D Folding Flowers

helicoids

funnel ruffles
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The Inverse Problem

68—|—u 68—|—u U

B (u, v) = { 2— cos(v), 2— sin(v) }

"1+ u/8
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The Inverse Problem
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Programming Local Curvatures

al — C1 Sin2((9) o (g — Oz”)z C4 Sin2(9)
h  co — cgcos(20) +m* cos(40)’ B h? c5 — cg cos(20) + m* cos(46)

\

H =

Given: H, K, oy, ay, EW E®  Solvefor: 6, m= ay/as
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Conclusions and Future Directions

3D printing hydrogel ink + cellulose nanofibrils simultaneously encodes anisotropy
in swelling and elastic modulus. Complexity is free with additive manufacturing

techniques.

Local swelling anisotropy In a bilayer system generates curvature.

Elasticity theory of anisotropic plates and shells allows us to predict mean and
Gaussian curvatures.

The inverse problem: How may we design print paths associated with specific
target surfaces!

Platform technology can be used with multi-stimuli responsive inks: light,
temperature, electric field, hydration.
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