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PCL (polycapro-lactone)



Principles

Polycaprolactone (PCL) is a biodegradable polyester with a low melting point of around 60°C

3D bio-printer

http://www.youblob.com/content/regenovo-3d-bioprinter



Demo

http://reprap.org/wiki/Polycaprolactone



Potentials



PCL can be mixed with carbon black to make a printable conductive filament called carbomorph, as described 
in this paper: A Simple, Low-Cost Conductive Composite Material for 3D Printing of Electronic Sensors.

A Simple, Low-Cost Conductive Composite Material for 3D Printing of Electronic Sensors. Simon J. Leigh, Robert J. Bradley, Christopher P. Purssell, Duncan R. 
Billson, David A. Hutchins, November 21, 2012DOI: 10.1371/journal.pone.0049365

Conductive and Printable



Stiffness Change

M. A. McEvoy, N. Correll (2014): Shape Change Through Programmable Stiffness. International Symposium on Experimental Robotics 
(ISER), Springer Verlag, Marrakech, Morocco, 2014.
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Stiffness Change
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Principles



Sangbae Kim; Hawkes, E.; Kyujin Cho; Joldaz, 
M.; Foleyz, J.; Wood, Robert, "Micro artificial 
muscle fiber using NiTi spring for soft robotics," 
Intelligent Robots and Systems, 2009. IROS 
2009. IEEE/RSJ International Conference on , 
vol., no., pp.2228,2234, 10-15 Oct. 2009



demo: make your own Nitinol spring

Sangbae Kim; Hawkes, E.; Kyujin Cho; Joldaz, M.; Foleyz, J.; Wood, Robert, "Micro artificial muscle fiber using NiTi spring for soft robotics," Intelligent 
Robots and Systems, 2009. IROS 2009. IEEE/RSJ International Conference on , vol., no., pp.2228,2234, 10-15 Oct. 2009



DEMO





embed material computation

Sangbae Kim; Hawkes, E.; Kyujin Cho; Joldaz, M.; Foleyz, J.; Wood, Robert, "Micro artificial muscle fiber using NiTi spring for soft robotics," Intelligent 
Robots and Systems, 2009. IROS 2009. IEEE/RSJ International Conference on , vol., no., pp.2228,2234, 10-15 Oct. 2009



design complex material system

Sangbae Kim; Hawkes, E.; Kyujin Cho; Joldaz, M.; Foleyz, J.; Wood, Robert, "Micro artificial muscle fiber using NiTi spring for soft robotics," Intelligent 
Robots and Systems, 2009. IROS 2009. IEEE/RSJ International Conference on , vol., no., pp.2228,2234, 10-15 Oct. 2009



utilize composite material structure

Sangbae Kim; Hawkes, E.; Kyujin Cho; Joldaz, M.; Foleyz, J.; Wood, Robert, "Micro artificial muscle fiber using NiTi spring for soft robotics," Intelligent 
Robots and Systems, 2009. IROS 2009. IEEE/RSJ International Conference on , vol., no., pp.2228,2234, 10-15 Oct. 2009



Collective Work from Jie Qi, MIT Media Lab.



Pre-strained Polystyrene (Shrinky-Dinks)





The sheets are made of optically 
transparent, pre-strained polystyrene 
(also known as Shrinky-Dinks) that shrink 
in-plane if heated uniformly
!
Prestressed polymer sheets are essentially 
shape memory materials that are fabricated 
by heating the polymer above Tg, stretching, 
and subsequently cooling below Tgto 
preserve the deformed shape. As a 
consequence of such processing, the stress 
stored temporarily in the sheets releases 
rapidly when heated above the Tg(e.g., 
sheets of Shrinky Dinks contract in plane by 
50–60% in both the x and y dimensions;



Demo



Self-folding of polymer sheets using local light 
absorption. Y Liu, J K Boyles, J Genzer and M Dickey. 
Soft Matter, 2011



Samuel Felton. Harvard Microrobotics Lab



Self-folding of polymer sheets using local light 
absorption. Y Liu, J K Boyles, J Genzer and M 
Dickey. Soft Matter, 2011
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Computer Entertainment (ACE'12), Anton 
Nijholt, Teresa Romão, and Dennis Reidsma 
(Eds.). Springer-Verlag, Berlin, Heidelberg, 
406-420.



Joanne Lo and Eric Paulos. 2014. 
ShrinkyCircuits: sketching, 
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Overview: Stimuli Responsive Polymer







With glass or melting transition acting as the switch, many polymer systems are reported to possess shape memory effect (SME). These SMPs usually have a 
physical cross-link- ing structure, crystalline/amorphous hard phase, or chemical cross-linking structure to store internal stress and a low temperature glass or melt- 
ing transition.	

!

Thermal Reactive Polymer



Thermal Reactive Polymer



Electroactive Polymer





Applied Stimuli Material Composition Computation Principles
Material Geometry and 

Structure
Shape Change Output

Uniform External: 
!

Light 
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Uniform External: 
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Applied Stimuli Material Composition Computation Principles
Material Geometry and 

Structure
Shape Change Output

Uniform Internal: 
!

Positive Air Pressure 
!

Discrete Internal: 
Negative Air Pressure 


