
Accepted Manuscript

Electrical actuation and shape memory behavior of polyurethane composites
incorporated with printed carbon nanotube layers

Xin Wang, John Sparkman, Jihua Gou

PII: S0266-3538(16)31114-9

DOI: 10.1016/j.compscitech.2017.01.002

Reference: CSTE 6624

To appear in: Composites Science and Technology

Received Date: 6 September 2016

Revised Date: 22 December 2016

Accepted Date: 4 January 2017

Please cite this article as: Wang X, Sparkman J, Gou J, Electrical actuation and shape memory behavior
of polyurethane composites incorporated with printed carbon nanotube layers, Composites Science and
Technology (2017), doi: 10.1016/j.compscitech.2017.01.002.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compscitech.2017.01.002


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Electrical Actuation and Shape Memory Behavior of Polyurethane Composites 

Incorporated with Printed Carbon Nanotube Layers 

Xin Wang1, John Sparkman1, Jihua Gou1,* 

1Composite Materials and Structures Laboratory, Department of Mechanical and Aerospace 

Engineering, University of Central Florida, Orlando, FL 32816, USA 

*Corresponding author, Email: jihua.gou@ucf.edu 

Abstract 

In this study, a novel digitally controlled spraying-evaporation deposition modeling process 

was used to deposit carbon nanotube (CNT) layers on shape memory polymer (SMP) films. 

This system is able to produce CNT layers with variable thicknesses and arbitrary patterns 

on defined locations. The study on the electrical properties of composite films revealed that 

the composites with 50 CNT layers exhibited the lowest sheet resistance of 28.7Ω/sq. 

Accordingly, the resistive heating performance of the fabricated composites was 

investigated at different power densities. The maximum surface temperature can be 

adjusted by simply tuning the numbers of printed CNT layers. Particularly, the even 

temperature distribution or temperature gradient could be realized on the surface of 

composites through modifying the design of printed CNT patterns. The study on the shape 

memory effect of the CNT/SMP composites indicated that the CNT/SMP composites can 

be actuated by the resistive heating of the printed CNT layers without an external heater. 

The shape recoverability of the composites was approximately 100% taking 30s under 40V. 

It is worth noting that through programming the number of printed CNT layers at different 

locations, the shape recovery rate could be controlled and localized actuation with the 

desired recovery ratio was achieved. The high efficiency of heating coupling with wide 
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