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 A three-dimensional analytical micromechanical model based on unit cell is extended and presented to 
extract the electro-thermo-mechanical properties of short Carbon Nano-Tube (CNT) reinforced piezo-
polymeric composite. Representative volume element (RVE) of the piezonanocomposite consists of 
three phases including CNT, piezo-polymeric matrix and interphase region. The presented model 
considers the CNT as a transversely isotropic solid fiber and CNT/matrix interphase region possessing 
van der Waals’ interaction as an isotropic hollow cylindrical solid that its mechanical properties are 
derived using the equivalent continuum model. Both phases are considered linear elastic. Also, the 
matrix is a piezoelectric material that is mechanically isotropic and elastic, and polarized along the 
perpendicular direction to CNT axis. The state of CNT arrangement within the matrix is assumed to be 
regular and square. First, the results obtained from the model are compared with available researches. 
Then, the effects of CNT volume fraction and aspect ratio and interphase effective thickness on the 
overall properties of the nanocomposite are investigated. In this study, despite the prior works, all the 
piezo-electro-thermo-mechanical properties of the nanocomposite are studied. The results show that 
even small amount of FVF has significant effect on improving the composite properties. Furthermore 
modeling of interphase region includes a great effect on the most of the composite properties, thus its 
modeling is necessary for more actual prediction about  the nanocompite response. 
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Fig. 1 CNT and Approximated nano-solid fiber [4] 
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Fig. 2 3D geometry of  representative volume element 
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Fig. 3 Approximation of fibers circular cross section in ESUC model 
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Table 1 Material properties of NRHPC constituents [60] 

  
(GPa) 

 
(GPa) 

 
(GPa) 

 
(GPa) 

 
(GPa) 

CNT (5,5) 668 404 184 2153 791 
CNT (20,20) 148 144 43.5 545 227 

(50,50) 55.1 54.9 17.5 218 92 
PZT5H 151 98 96 124 23 
Spurr 5.3 3.1 3.1 5.3 0.64 
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Fig. 4 Variation of effective  of NRHPC Nanocomposite with 
PZT5H FVF for various CNT FVF 
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Fig. 5 Variation of effective  of NRHPC Nanocomposite with 
PZT5H FVF for various CNT diameters 
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Table 4 Comparison between the nano-composites’ effective properties 
obtained from the present model and rule of mixture 

   
(GPa) 52.95 52.95 
(GPa) 3.04 2.68 
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Fig. 6 Variation of effective  with the CNT FVFs 
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Fig. 7 Variation of effective  with the CNT FVFs 
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Fig. 8 Variation of effective  with the CNT FVFs 
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Fig. 9 Variation of effective  with effective thickness of interphase 
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Fig. 10 Variation of effective  with effective thickness of interphase 
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Fig. 11 Variation of effective  with effective thickness of interphase 
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Fig. 12 Variation of effective  with aspect ratio of CNT equivalent 
fibers 
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Fig. 13 Variation of effective  with aspect ratio of equivalent fibers 
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Fig. 14 Variation of effective  with aspect ratio of equivalent fibers 
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