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Muscle cells contain protein filaments of actin 
and myosin that slide past one another, 
producing a contraction that changes both the 
length and the shape of the cell 

http://en.wikipedia.org/wiki/Myocyte
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Actin
http://en.wikipedia.org/wiki/Myosin
http://en.wikipedia.org/wiki/Muscle_contraction




Amazing 



Composition Metallic and Plastic Biological 

Power Source Electricity Chemical (“water and sugar”) 

Power Generated Up to 105 W Up to 102 W for few minutes 

Efficiency ≈ 90% 14% to 77%[1] 

Costs  103 ->  105  € ≈ 100 € ( 5 € as feed supply) 

Degree of freedom It depends by the number of actuators Virtually Infinite [2]  

Flexible It depends by the number of actuators YES 

Stretchable No YES 

Self-Healing No YES 

[1] N. P. Smith et al: The efficiency of muscle contraction. Progress in Biophysics & Molecular Biology 88 (2005) 1–58 
[2] Gutfreund et al: Organization of Octopus Arm Movements: A Model System for Studying the Control of Flexible Arms. Journal of Neuroscience 1996, 
16(22):7297–7307 
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Why am I 
not made by 

polymers? 





• GPS 
• Camera 
• Radio transceiver 







𝑺𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒔𝒕𝒓𝒊𝒄𝒕𝒊𝒐𝒏 = −𝑸𝜺𝟎
𝟐(𝜺𝒓 − 𝟏)𝟐𝑬𝟐 (2) 

• 𝑺𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒔𝒕𝒓𝒊𝒄𝒕𝒊𝒐𝒏 is the 
strain along the thickness 
direction of the film due 
to electrostriction 
 

•  Q is electrostrictive 
coefficient , 
  

• 𝜺𝟎 is the permittivity of 
free space, 
  

• 𝜺𝒓 is the relative 
permittivity 
  

• E is the applied electric 
field. 



It is also reported an 
increase in polymer 
stiffness  

[1] M. Niklaus, S. Rosset, P. Dubois, M. Dadras and H. R. Shea, Modification of conductivity and of mechanical properties 
of electroactive polymer (EAP) thin films by titanium ion implantation, MRS Fall Meeting, 2007 



80 µm thick 

T. Maleki et al. A batch-fabricated laser-micromachined PDMS actuator with stamped carbon grease,  J. Micromech. Microeng. 21 (2011) 
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• Characterization of the 
electrical properties: 
• Resistivity as a function of 

the amount of 
nanoparticles implanted 

•  During the stretching 
phase 

• Characterization of the 
mechanical properties: 
• Young Modulus as a 

function of the amount of 
nanoparticles implanted 

• Force measures 
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• Length: 30 mm 
• Width: 10 mm 
• Thick: 0.1 mm 
• Voltage: 1 kV 
• Freq: 5 Hz 
• Signal Shape: Squared 

Wave 



• Classical actuators have excellent performance and permit fine movements, but 
are expensive, rigid and permits the design of mono-or-few-purpose devices 
 

• Biological actuators have mediocre performance but allow the design of general-
purpose devices. Living being can easily adapt their mechanical behaviors to 
interact with a complex environments and move in irregular landscapes 
 

• Soft actuators can mimic biological actuators 
 

• The most promising materials for soft actuators are Elastomeric Polymers but it 
is hard to produce electrodes that can sustain the polymer deformation 
 

• Supersonic Cluster Beam Implantation is an effective technique I can exploit to 
fabricate stretchable electrodes for soft actuators 




