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Young’s'Modulus'

Tendon'Human'skin'
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Young’s'modulus'

Passive&muscle& 10K100&kPa&

Silicone&rubber& 3&MPa&

Tendon& 1K2&GPa&

Sod&wood&(pine)& 1K10&GPa&

Hard&wood&(oak)& 10K15&GPa&

Corccal&bone& 10K20&GPa&

Steel& 100K200&GPa&

Lieber&(2002)&Skeletal!Muscle!Structure,!FuncMon,!&!PlasMcity,&118&
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ConsHtuHve'laws'

•  Linearly'elasHc'solids'B'Hooke’s'law'

Only'valid'for'certain'elasHc'material''
under'certain'stress'condiHons'within''
a'porHon'of'the'elasHc'range'

σ T =σ E = E ⋅εE

•  ViscoelasHc'solid'
–  KelvinBVoigt'model'

–  Stand'linear'solid'model'

–  Generalized'Maxwell'model'
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VariaHons'of'ElasHcity'

Hooke’s'law'

Long&et&al.&(2011)!Biophys.!J.,&101(3):643K650&

σ T = E ⋅εE = E(λ −1)

σ T = 2C1(λ2 −
1
λ
)

 dσ T

dλ (λ=1)

= E ∴C1 =
E
6

Neo'Hookean'solids'

Stress'(MPa)'

Strain'

Steel'

Glass'

Bone'

300'

200'

100'

0.010' 0.020'

Stress'(KPa)'

Strain'

Typical'sof'
Hssues'

100'

50'

1.1' 1.3'
Humprey&(2003),&Proc.!R.!Soc.!Lond.!A&459:3K46&



Nature: soft robots
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http://www.nature.com/news/meet-the-soft-cuddly-robots-of-the-future-1.19285

http://www.nature.com/news/meet-the-soft-cuddly-robots-of-the-future-1.19285


Barry Trimmer
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http://www.youtube.com/watch?v=IM0crDOGm2w



Beispiel 1: Octopus Arm
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http://www.youtube.com/watch?v=vSRgO6GShTo

http://www.youtube.com/watch?v=vSRgO6GShTo
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Cianchetti et al. / Materials Science and Engineering C 31 (2011)
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Cianchetti et al. / Materials Science and Engineering C 31 (2011)
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Cianchetti et al. / Materials Science and Engineering C 31 (2011)



Festo Bionic Handling Assistant 
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Roßmann et al. 2015

F = �k�x� d�ẋ

ẍ = F/mAnsatz: Starre Körper, 
Feder-Dämpfer Elemente



Compliant and Underactuated Robotic Hand 
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Deimel & Brock 2015
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Deimel & Brock 2015



Compliant and Underactuated Robotic Hand 
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Deimel & Brock 2015

discuss paper: A Novel Type of Compliant and 
Underactuated Robotic Hand for Dexterous Grasping  
Raphael Deimel Oliver Brock, 2015 The International 

Journal of Robotics Research



Beispiel 3: Multigait soft robot
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Shepherd, et al. 2011. “Multigait Soft Robot.”
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Shepherd, et al. 2011. “Multigait Soft Robot.”
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Shepherd, et al. 2011. “Multigait Soft Robot.”
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Shepherd, et al. 2011. “Multigait Soft Robot.”



Beispiel 3: Multigait soft robot
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R: 	 Radien

E: 	 Elastizitätsmodul

t: 	 Dicke des Materials

P:	 Drücke

Indizes:

	 atm: ohne zusätzlichen Druck 

	 1: im Zustand unter Druck P1

Shepherd, et al. 2011. “Multigait Soft Robot.”
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Shepherd, et al. 2011. “Multigait Soft Robot.”



Prosthetics
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https://www.youtube.com/watch?v=GJ_Zki8e8Kw

https://www.youtube.com/watch?v=GJ_Zki8e8Kw
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SofBbodied'robots:'
benefits'and'challenges'

Benefits' Challenges'

Trivedi&et&al.&(2008),&Applied!Bionics!and!Biomechanics!5(3):&99K117&
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Classical'control'approach'
Central'controller'

Joint'1' Joint'2' Joint'3'

Robot'

Centralized,'
fully'actuated'

Central'controller'

Joint'1' Joint'2' Joint'3'

Robot'

Joint'∞''…'



Übersichtstabelle mit Eigenschaften
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Trivedi et al. 2008


