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                    Abstract
Ionic Polymer-Metal Composite (IPMC) is a new electro-active polymer, which has the advantages of light weight, flexi- bility, and large stroke with low driving voltage. Because of these features, IPMC can be applied to bionic robotic actuators, artificial muscles, as well as dynamic sensors. However, IPMC has the major drawback of low generative blocking force. In this paper, in order to enhance the blocking force, the Nafion membranes with thickness of 0.22 mm, 0.32 mm, 0.42 mm, 0.64 mm and 0.8 mm were prepared by casting from liquid solution. By employing these Nafion membranes, IPMCs with varying thickness were fabricated by electroless plating. The elastic modulus of the casted Nafion membranes were obtained by a nano-indenter, and the current, the displacement and the blocking force were respectively measured by the apparatus for ac- tuation test. Finally, the effects of the thickness on the performance of IPMC were analyzed with an electromechanical model. Experimental study and theory analysis indicate that as the thickness increases, the elastic modulus of Nafion membrane and the blocking force of IPMC increase, however, the current and the displacement decrease.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ionic Conductive Polymers
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2014
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Review on Improvement, Modeling, and Application of Ionic Polymer Metal Composite Artificial Muscle
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 February 2022
                                    

                                

                                Qingsong He, Guoxiao Yin, … Zhendong Dai

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ionic Conductive Polymers
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2019
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Kim K J, Shahinpoor M. Ionic polymer-metal composites. II. Manufacturing techniques. Smart Materials and Structures, 2003, 12, 65–79.
Article 
    
                    Google Scholar 
                

	Yu M, Shen H, Dai Z D. Manufacture and performance of Ionic polymer-metal composites. Journal of Bionic Engineering, 2007, 4, 143–149.
Article 
    
                    Google Scholar 
                

	Asaka K, Oguro K. Bending of polyelectrolyte membrane-platinum composite by electric stimuli III: Self-oscillation. Electrochimica Acta, 2000, 45, 4517–4523.
Article 
    
                    Google Scholar 
                

	Asaka K, Fujiwara N, Oguro K, Onishi K, Sewa S. State of water and ionic conductivity of solid polymer electrolyte membranes in relation to polymer actuators. Journal of Electroanalytical Chemistry, 2001, 505, 24–32.
Article 
    
                    Google Scholar 
                

	Shahinpoor M, Kim K J. The effect of surface electrode resistance on the performance of ionic polymer-metal composite (IPMC) artificial muscles. Smart Materials and Structures, 2000, 9, 543–551.
Article 
    
                    Google Scholar 
                

	Onishi K, Sewa S, Asaka K, Fujiwara N, Oguro K. The effects of counter ions on characterization and performance of a solid polymer electrolyte actuator. Electrochimica Acta, 2001, 46, 1233–1241.
Article 
    
                    Google Scholar 
                

	Shahinpoor M, Kim K J. Ionic polymer-metal composites: I V. Industrial and medical applications. Smart Materials and Structures, 2005, 14, 197–214.
Article 
    
                    Google Scholar 
                

	Yeom S W, OH I K. A biomimetic jellyfish robot based on ionic polymer metal composite actuators. Smart Materials and Structures, 2009, 18, 085002.
Article 
    
                    Google Scholar 
                

	Zhang W, Guo S X, Asaka K. A new type of hybrid fish-like microrobot. International Journal of Autuomation and Computing, 2006, 4, 358–365.
Article 
    
                    Google Scholar 
                

	Hao L N, Xu S, Liu B. A miniature Fish-like Robot with Infrared Remote Receiver and IPMC actuator. Journal of Northeastern University (Natural Science Edition), 2009, 30, 773–776. (in Chinese)

                    Google Scholar 
                

	Lee S J, Han M J, Kim S J, Jho J Y, Lee H Y, Kim Y H. A new fabrication method for IPMC actuators and application to artificial fingers. Smart Materials and Structures, 2006, 15, 1217–1224.
Article 
    
                    Google Scholar 
                

	Nguyen V K, Yoo Y T. A novel design and fabrication of multilayered ionic polymer-metal composite actuators based on Nafion/layered silicate and Nafion/silica nanocomposites. Sensors and Actuators B, 2007, 123, 183–190.
Article 
    
                    Google Scholar 
                

	Kim K J, Shahinpoor M. A novel method manufacturing three-dimensional ionic polymer-metal composites (IPMC) biomimetic sensors, actuators and artificial muscles. Polymer, 2002, 43, 797–802.
Article 
    
                    Google Scholar 
                

	Moor R B, Cable K M, Croley T L. Barriers to flow in semicrystalline ionomers. A procedure for preparing melt-processed perfluorosulfonate ionomer films and membranes. Journal of Membrane Science, 1992, 75, 7–14.
Article 
    
                    Google Scholar 
                

	Jiang J S, Greenberg D B, Fried J R. Preparation of a Nafion composite membrane using a porous teflon support. Journal of Membrane Science, 1997, 132, 273–276.
Article 
    
                    Google Scholar 
                

	Noh T G, Tak Y, Nam J D, Choi H. Electrochemical characterization of polymer actuator with large interfacial area. Electrochimica Acta, 2002, 47, 2341–2346.
Article 
    
                    Google Scholar 
                

	Park J K, Moore R B. Influence of ordered morphology on the anisotropic actuation in uniaxially oriented electroactive polymer systems. ACS Applied Materials & Interfaces, 2009, 1, 697–702.
Article 
    
                    Google Scholar 
                

	He Q S, Yu M, Ding H T, Guo D J, Dai Z D. Effects of anisotropic surface texture on the performance of ionic polymer-metal composite (IPMC). Proceedings of SPIE, Smart Structures/NDE Symposium, EAPAD Conference, San Diego, CA, USA, 2010, 7642, 76420Y.

	Guo D J, Ding H T, Wei H J, He Q S, Yu M, Dai Z D. Hybrids perfluorosulfonic acid ionomer and silicon oxide membrane for application in ion-exchange polymer-metal composite actuators. Science in China E: Technological Sciences, 2009, 52, 3061–3070.
Article 
    
                    Google Scholar 
                

	Onishi K, Sewa S, Asaka K, Fujiwara N, Oguro K. Morphology of electrodes and bending response of the polymer electrolyte actuator. Electrochimica Acta, 2000, 46, 737–743.
Article 
    
                    Google Scholar 
                

	Yin J H, Mo Z S. Modern Polymer Physics, Science Press, Beijing, 2001. (in Chinese)

                    Google Scholar 
                

	Lee S G, Pandita S D, Park H C, Yoo Y T. Performance Improvement of IPMC (Ionic Polymer Metal Composites) for a Flapping Actuator. International Journal of Control, Automation, and Systems, 2006, 4, 748–755.

                    Google Scholar 
                

	Moacanin J, Aklonis J J, Landel R F. A generalization of the Boltzmann superposition principle to polymer networks undergoing scission. Journal of Chemical Physics, 1976, 64, 430.
Article 
    
                    Google Scholar 
                

	Tadokoro S, Yamagami S, Takamori T. An actuator model of ICPF for robotic applications on the basis of physicochemical hypotheses. Proceedings of the 2000 IEEE International Conference on Robotics & Automation Conference, San Francisco, CA, USA, 2000, 2, 1340–1346.

                    Google Scholar 
                

	Zhang S H. University Physics, Tsinghua University Press, Beijing, China, 2008. (in Chinese)

                    Google Scholar 
                

	Liu J J, Zhang B H. Fluid Mechanics, Peking University Press, Beijing, China, 2006. (in Chinese)

                    Google Scholar 
                

	Wang Z L, Gong C, He Q. Be Good at Scientific Calculation of Matlab, Publishing House of Electronics Industry, Beijing, China, 2007. (in Chinese)

                    Google Scholar 
                

	Lee J H, Lee J H, Nam J D, Choi H, Jung K, Jeon J W, Lee Y K, Kim K J, Tak Y. Water uptake and migration effects of electroactive ion-exchange polymer metal composite (IPMC) actuator. Sensors and Actuators A, 2005, 118, 98–106.
Article 
    
                    Google Scholar 
                

	Xiao G. Fuel Cell Technology, Publishing House of Electronics Industry, Beijing, China, 2009. (in Chinese)

                    Google Scholar 
                

	Ji A H, Park H C, Nguyen Q V, Lee J W, Yoo Y T. Verification of beam models for ionic polymer-metal composite actuator. Journal of Bionic Engineering, 2009, 6, 232–238.
Article 
    
                    Google Scholar 
                

	ANSYS Inc. ANSYS User’s Manual, Houston, PA, USA, 2005.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, P. R. China
Qingsong He, Min Yu, Linlin Song, Haitao Ding, Xiaoqing Zhang & Zhendong Dai

	College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, P. R. China
Qingsong He & Linlin Song


Authors	Qingsong HeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Min YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Linlin SongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haitao DingView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiaoqing ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhendong DaiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Min Yu.


Rights and permissions
Reprints and permissions


About this article
Cite this article
He, Q., Yu, M., Song, L. et al. Experimental study and model analysis of the performance of IPMC Membranes with various thickness.
                    J Bionic Eng 8, 77–85 (2011). https://doi.org/10.1016/S1672-6529(11)60001-2
Download citation
	Published: 01 March 2011

	Issue Date: March 2011

	DOI: https://doi.org/10.1016/S1672-6529(11)60001-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keyword
	IPMC
	Nafion membranes
	electroless plating
	actuation test
	model analysis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					35.173.205.55
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    