
Chair of Polymer Processing

Master's Thesis

Fabrication of multi-material dielectric
elastomer actuators with the additive

manufacturing process of material
extrusion

Philipp Beier, BSc
May 2024











   

    



Stephan Schuschnigg and Ivan Raguž









 













  

            



          







             

           

         

              







         μ    

 





             

         



            









           

           



         

  



           

           





 







        



        







          

         

         

          









            





       

         

μ





           

      



             



 





            



          



        





           

         

        











 

 

 
 
 
 
 
 
 

 
 

 
 
 

 
 
 

 
 
 
 

 

 
 
 
 
 
 

 

 
 
 
 
 
 

 
 

 

 
 
 ’
 
 







 
 
 
 

 

 

 

 
 

 

 







  

 Introduction







           





 







   



           

    

 

           

           



   







          











  



          





      







            







           









  



             







          

          





            

        

            

Young’s modulus











            









  

 Theoretical Background

 



              

       

 



             

     

               







 













             













              

            





             





















  









 

      

















  





 



















 















  





 

     















 























  





 



             





             

     









        







  



          




          

  

          





           





            





  















  





 

 







  



             







              

            





𝑈

𝑑𝐴

𝐹𝑒

 𝐹𝑒 = 12 𝜀 (𝑈𝑑)2 𝐴 = 12 𝜀𝑈2 ( 1𝐷0 − 𝑤)2 𝐴 

𝜀0𝐷0

𝑤







  



𝑑𝐴

𝜓

 𝜓 = 𝐴𝑑 



𝑄

𝑈

 𝑄 = 𝐶𝑈 

𝐶



 𝐶 = 𝜖𝑟𝜖0 𝐴𝑑 

 𝜖0        𝜖𝑟    

          𝑃   



 𝑃 = 𝜀𝑟𝜖0 (𝑈𝑑)2
 

  





           







  





 







  

(PU’s).

             

 

             







             



 

           



            







           







  







 

 

            





           



𝐶𝑄

𝑈

 𝐶 = 𝑄𝑈 

 

                







  𝑄      �⃗�𝑒    �⃗�𝑚 



 �⃗�𝑚 = �⃗�𝑒 



𝑑𝑥𝐹𝑚

 𝑑𝑊𝑚 = 𝐹𝑚 𝑑𝑥 





  

𝑑𝑊𝑚𝑑𝑊𝑒



 𝑑𝑊𝑒 = 𝑑𝑊𝑚 = 𝐹𝑚 𝑑𝑥 



 𝐹𝑚 = 𝑑𝑊𝑒𝑑𝑥  



𝐸

 𝐹𝑚 = 𝑄𝐸 

𝐸

 𝐸 =  𝑈𝑑 

𝑈𝑑



 𝑊𝑒 = 12 𝑄𝐸𝑑 = 12 𝑄𝑈 

  



 𝑑𝑊𝑒 = 𝑑 (𝑄22𝐶) = 𝑄22 𝑑 (1𝐶) 



 𝐹𝑚 = 𝑑𝑊𝑒𝑑𝑥 = 𝑄22 𝑑𝑑𝑥 (1𝐶) = 𝑄22 1𝜀𝐴 ∙ 𝑑𝑑𝑥 (𝑥) = 𝑄22 ∙ 1𝜖𝐴 

𝜀𝐴

 

            



𝜌

 

𝑅 𝐴

 𝑙





  

 𝑅 = 𝜌𝑙𝐴  

The generalized Ohm’s law can express volume resistivity by utilizing the electric field 𝐸

𝐽
 𝐸 = 𝜌𝐽 

















 𝐷0 = 𝐷1 − 𝐷22  

𝐷0𝐷1𝐷2              







 



       











  

𝑌

Δ𝜎Δ𝜀

 𝑌 = 𝜎2(𝜀2 = 0,25%) − 𝜎1(𝜀1 = 0,05%)𝜀2 − 𝜖1 = Δ𝜎Δ𝜀  






             

𝜇𝑏𝜇ℎ





 𝜇𝑏 = |𝜀𝑞𝑏𝜀 | = | ∆𝑏𝐿0∆𝐿0𝑏0| 

 





𝐸𝑓





 𝐸𝑓 = 𝜎𝑓2 − 𝜎𝑓1𝜀𝑓2 − 𝜀𝑓2 = ∆𝜎0,002 





  



           




               







𝜎𝑓𝐶





 𝜎𝑓𝐶 = 3𝐹𝐶𝐿2𝑏ℎ2




 

          

           











  















 𝜏 = 𝑘�̇�𝑛 

𝜏  𝑛   �̇�    𝑘 



 𝜂 = 𝜂∞ +�̇�𝑛−1 

𝜂∞𝑘𝑛





 𝜏 = 𝜂0�̇�(1 + �̇��̇�𝑐)𝑐 

𝜂0       𝑐      

�̇�𝑐





  





           



 𝜂 = 𝐵𝑒𝐸/𝑅𝑇 

𝐸𝑅𝑇



             



 𝜂 = 𝜂𝑅𝑒𝑥𝑝 𝐸𝑅 (1𝑇 − 1𝑇𝑅) 

 𝑇𝑅       𝜂𝑅     

         







 𝑙𝑜𝑔 (𝜂(𝑇)𝜂𝑇𝑟𝑒𝑓) = − 𝐶1(𝑇 − 𝑇𝑟𝑒𝑓)𝐶2 + (𝑇 − 𝑇𝑟𝑒𝑓) 

𝜂(𝑇𝑇𝜂𝑇𝑟𝑒𝑓𝑇𝑟𝑒𝑓

𝐶1𝐶2







  

 Redesign 3D-Printer
    





 





           



















  

 

            

   





              







            










 

             

    



               

a) b)





  















               

  

            



      









a) b)





  











 



























     



  











  



      





            

 





    

 

             

            



 



  







   

               

           



             



      





















  









  

 

       














    

          𝑑𝑠𝑠𝑒  

      𝑙𝑎 +    

 𝑑𝑠𝑠𝑒𝑒

 𝑑𝑠𝑠𝑒 = 𝑙𝑎 + 𝑑𝑠𝑠𝑒𝑒 

“” 







               





“Nozzle clean” 

               









  













              











  

 Experimental






          



 







  

™



Ω









Ω 






  







  





 





 



 

 

 

 

 





  

 



              















  

  

  

  

  

  

  

  

  

 

 



             













  













 







          

          

              





   

   

  𝜋 

  𝜋 







  






 



        





  �̇�    

𝑣𝑃

 𝑣𝑃 = �̇�𝐴 

𝐴

            







  






  

  

  

  

  

  

  

 

 











    

    

    

 



  

    







  






 

a

b

d

c





  

 









  

  

  

  

  

  

  

  

  

  

  

  

  



    





   

 





 

 

 

 


 

 

 





  

 Results

              



 





             









            





             

             

            

’s

              



 





  

’s



 









  

  


  

  


  

  


  

  


  

  


  

  








 









passive layer

dielectric membrane

electrode





  







    





         

















  

  


  

  


  

  


  

  


  

  


  

  





  






 ’s

 





             

            

            

         



   

             



passive layer

dielectric membrane

electrode





  



Poisson’s ratio for all materials in 0° and 90° orientation.

 



            

            











 





  

 

           

   





 

















           









  





 





   





 

             





            









  





      



          







          





  

              



Target thic ness   0.   mm

 alc. capacitance   0.   n 





  

 



 

















             













  



         






 

             





              







           







  

             













            

™







 





  

             

            

              





 


 





   

        









 





  

















    







  

 Conclusion and Outlook

       

’s

             

        Poisson’s      

          





             

            



             

        






















  



 



               

           











             









 













  



     













  

 Literature

 



 ——



 

 



 



 



–



 



–



 

–



 



–



 Bhagia, S.; Bornani, K.; Agrawal, R.; Satlewal, A.; Ďur ovič, J.; Lagaňa, R.; Bhagia, M.; 








 



–

 



 



 



 





 

–







  

 

–

 

–



 





 





 



 

–

 



–

 



–

 





 



 





 



 





–

 



 



 



 



 



 

–





  

 



 



 

 





 





 





 



 

 

‐‐

–

 





 

 











 





 



 

–



 



–

 Kožar, I.; Sulovs y, T.; Plovanić, M.; Božić, Ž.: Verification of a displacement model for 
–



 







  





 

 



 





 





 



–

 

–


 





–

 





–

 







 





 



–

 

–



 





–



 











  

 





 





–



 



–

 









 



 



 



 



 O’Halloran, A.; O’Malley,  .; McHugh, P.: A review on dielectric elastomer actuators, 




 



 



–

 

–



 



–



 









 

 







  

 



 



–

 





 

–



 

–

 



–



 



–



 



 

 

–



 

–



 



–



 

–



 





 





 









  























  

 List of Tables and Figures

 





















’







 



















































  















































’










































  

 Abbreviations

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Ω

  





  

  

  

  

  

  

V̇̇̇̇   

  

  

  

  

 Young’s modulus 

γ  

ε  

ε  

ε  

ε  

η  

η∞  

μ Poisson’s ratio 

ρ  Ω

σ  

τ  

ψ  







  

Appendix

  

  





  






