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Three-dimensional effects, such as
curvature and twisting
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Extremely curved crack paths
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LS-Dyna export from ScanlP+FE
Time= 0 s

Contours of Effective Stress (v-m)
min=0, at elem# 1

max=0, at elem# 1

Initial velocity: 20,0 m/s
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Rudolph's antlers inspire next
generation of unbreakable
materials
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K|r|gam| (photo courtesy of artist Mizuho Ozaki)
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Kirigami Structures
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Arc-Length Solver

When? 1 Where?
Fracture
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When? Where?
Fracture
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Griffith Energy
Balance!
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Fracture
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Crack Propagation Direction

Glial =T loa) = [10] | (VouTP* ~ ul) Vigds
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J(d,0) = Ji(d) cos(9) + Jo(d)sin(f) = j"(d) - e
e =e(f) = |cos(0),sin(0)]
h

i" =i"(d) = [Ji(d), J2(d)]
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Arc-Length Solver

F (%) (d)
J(d,0)
(9 o emax

:f(d79)_0

When??
Fracture
How??
—AF(®) = W(d, \) =
—G.=¢g(d,0) =0
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Omaz = arctans(Js, Jp)
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Arc-Length Solver

When??
Fracture

How"?

F)(d) — \F©) =¥ (d,\) =0
J(d, Opax) — Ge = g(d) =0
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Where?
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Rubber sheet with
aligned cracks

Not really stretchable
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Kirigami Structures
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Making structures more stretchable...by cracking it!
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Some designs...

LAYERING of patterns
* increases strength
* promotes helicoidal motion

ALTERNATING of patterns determines
* stress distribution

Single Layer

* delay of failure
* opponent motion

Figure 3: Polypropylene
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Some designs...
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