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Microtubes and microtubules are very small diameter 
functional tubes with high aspect ratio that can be made of 
almost any material.  Specific functions performed by mi-
crotubes may include encapsulation, heat exchange, rein-
forcement, detection, filtration, optical waveguide, sensing, 
etc.  Our objective is to explore the fundamental techno-
logical potential of fabrication of microtubes from electro-
active polymeric materials substantially in the form of tex-
tile fibers for applications in sensing and actuation.  Our 
long-term objective is to develop various fiber-based func-
tional systems at various scales (micro to large). 

 

To develop the microtube actutators we intend to use di-
electric polymers that show Maxwell stress.  Highly dielec-
tric polymers with low elastic modulus can induce a large 
actuation strain when subjected to an electrostatic field.  
The phenomenon is best displayed by a parallel plate ca-
pacitor with the dielectric material as the medium  (See 

Figure).  A pressure arises between the two electrodes of 
the capacitor when it is charged.  This pressure, known as 
the Maxwell pressure, arises from the fact that opposite 
charges on the electrodes attract each other and the electro-
static forces resulting from the free charges squeeze and 
stretch the polymer. 
 

To examine a number of microtube actuator concepts, 
we are exploring various layered tubular configurations of 
dielectric materials and conductive electrode materials.  We 
have evaluated silicone, polyacrylate, polyurethane, and 
polyolefin elastomers as dielectric polymers.   
 

To develop the required compliant electrodes we have 
examined graphite particles, and carbon fibers.  Addition-
ally, we used an in situ polymerization of polypyrrole2 to 
deposit conductive polymer electrodes on opposing sur-
faces of polyurethane films.  We will soon examine other 
ways of forming compliant electrodes on the dielectric ma-
terials.   
 

Contributing Graduate Student: Mehmet Cuneyt Akbay 
(NC State). 

Industry Interactions:  2+ [Hills,Inc., Sentel Technologies] 

Project Web Address:  None Reported  
http:// 

For Further Information: 
1. R. Kornbluh, et al, High-Field Electrostriction of Elastomeric 

Polymer Dielectrics for Actuation, Smart Structures and Mate-
rials 1999:Electroactive Polymer Actuators and Devices, Proc. 
SPIE, 3669:149 (1999). 

2. J. Su, et al, Preparation and Characterization of Electrostric-
tive Polyurethane Films with Conductive Polymer Electrodes 
Polymers for Advanced Technologies, 9:317 (1998). 

 
Tushar K. Ghosh, an Associate Profes-
sor in Textile and Apparel Management 
at NC State, joined the faculty in 1988 
after receiving a Ph.D. there in fiber and 
polymer science.  Earlier he was a sci-
entist at the Jute Technological Re-
search Laboratories in Calcutta (India).  
Tushar's research interests include me-
chanics of fibrous assemblies, design 
and analysis of industrial textiles, dy-
namics of textile processes and tech-
nology of fabric formation. 

We are exploring the technological 
potential of submicron diameter tubing 
of electroactive polymeric materials for 
applications in sensing and actuation. I92-S03, F94-A08, F94-S09*, F97-C05, 

I96-A09, F02-NS05* 
tushar_ghosh@ncsu.edu
(919)-515-6568 
http://www.tx.ncsu.edu/faculty_center/directory/detail.cfm?id=41
 
Richard Kotek, an Assistant Professor 
in Textiles at NC State since 1999 fol-
lowing 12-years with BASF Corp, 
earned a M.S. in 1975 and his Ph D. in 
1979 from Lodz Polytechnic (Poland) 
followed by postdoctoral research at 
Duke Univ.  His research interests in-
clude structure/property, processing, 
and synthesis of fiber forming poly-
mers particularly nylons, polyester and 
polypropylene for industrial applica-
tions.  Dielectric polymer actuator operating principle1 

M01-NS03*, F02-NS05 
rkotek@unity.ncsu.edu
(919)-515-6585 
http://www.tx.ncsu.edu/faculty_center/directory/detail.cfm?id=65
 
Trevor J. Little, a Professor and Head 
of the Textile and Apparel Management 
Dept. at NC State, joined the faculty in 
1984.  He received his Ph.D. in textile 
industries at the Univ. of Leeds (Eng-
land) in 1974 whereupon he was a re-
search scientist in textile physics at 
CSIRO (Australia), a professor at 
PhiladelphiaU and Director of Product 
Development at Danskin. Trevor's re-
search interests include automated 
manufacturing and handling systems, 
sewability and sewing dynamics and 
apparel manufacturing and manage-
ment. 
I92-S03, I98-S01 , I98-S12, S00-NS15, S01-NS10, F02-NS05 
trevor_little@ncsu.edu
(919)-515-6646 
http://www.tx.ncsu.edu/faculty_center/directory/detail.cfm?id=70
 
John Muth (bio, email, phone, webpage,  
photo, etc. not  available) PHOTO 

NOT 
AVAILABLE 

F02-NS05 
 

National Textile Center Research Briefs – Fabrication Competency: June 2003 

mailto:tushar_ghosh@ncsu.edu
http://www.tx.ncsu.edu/faculty_center/directory/detail.cfm?id=41
mailto:rkotek@unity.ncsu.edu
http://www.tx.ncsu.edu/tecs/tecs_personnel/home_pages/kotek.html
mailto:trevor_little@ncsu.edu
http://www.tx.ncsu.edu/faculty_center/directory/detail.cfm?id=70

