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evolutionary innovation

Gecko
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Qu,L. et al., Science, 2008, 322.

Micro- and Nano- scale
fibrils partial solution for
geckos and insects

Direct mimicry did not lead
to scalable engineering
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What is the scaling parameter to guide
adhesion force control on all length scales?




Scaling adhesion to large sizes?




Math Not Mimicry

* Developed theory to hypothesize what
controls force capacity (F.) for reversible
adhesives used for biological locomotion.

 Assumptions: Andrew Croll
* Forces balance (equilibrium) Post-doc (2009-2010)

« Energy in = Energy Out =

« Contrary to current adhesives!!! — o e

« Qrganisms that climb with adhesion
don’t want to lose energy!

« Nature designs around instability |
IKe barte

Ph.D. Student ('08-13)

Area

Force Capacity = [Van der Waals]
Compliance |




Simple Scaling

Can we define a problem to give general guidance:

UTotal = Elastic t UWork t Ulnterﬁzce

1. Assume equilibrium 8_U =0
0A
2. Assume unstable failure
when maximum load is achieved az_U <0
0A®
3. Consider systems that want stored energy to
be recoverable, AU =U 4, Ui =0

A
Fo=G. A

F.. Maximum sustainable force

G.: Adhesion Energy

A: Interfacial area

C: Compliance in direction of loading

Bartlett, Croll, King, Paret, Irschick, Crosby, Advanced Materials 2012.




Force capacity follows scaling
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M.D. Bartlett et al. Adv. Funct. Mater. 22, 4085-4092 (2012)




W) AVHERST How do take advantage?







Draping with High Stiffness Fabrics
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Conform to Reality

' AMAERST




1) UMASS Geckskin on Everything

ooy AMHERST




Does this scaling work for biology?

The two feet of a 50 g tokay gecko can produce
about 20 N of adhesive force ~ a bag of 20 apples




Stretching
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Measuring Performance Variation
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Gilman CA, Imburgia MJ, Bartlett MD, King DR, Crosby AJ, Irschick DJ PLoS ONE. 2015:10(9).




UMAS§ Scaling Across Species
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Nature

Theory/Experiment




Renewable Materials

Natural Rubber 700 78 Hemp Fabriaatural Ruber
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Force Capacity, F. (N)




Final Thoughts on Bioinspiration
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~-1.50 x 108years ~-2.5x10° ~-5x10? Today




Geckskin and Geckos

D.R. King et al Advanced Materials, 2014.
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