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Abstract
In this paper, a physics-informed neural network (PINN) framework is developed to model the coupled 
electromechanical  response  governing  piezoresistivity  in  3D-printed  continuous  carbon  fiber 
reinforced polymer composites (CCFRPC). A novel neural homogenization strategy (NH-PINN) is 
introduced, wherein a PINN serves as a mesh-free solver for the periodic Representative Volume 
Elements (RVE) boundary value problem, replacing traditional finite element homogenization [1]. The 
RVE explicitly captures process-induced microstructural features (e.g., bead morphology, inter-bead 
voids, anisotropic fiber alignment) – encoded directly as network inputs, enabling the trained model to 
predict homogenized responses across varying void morphologies and fiber volume fractions via a 
single forward pass, bypassing the remeshing and resolving costs of traditional FEM homogenization 
[2].  The  governing  mechanical  equilibrium  and  steady-state  electrical  conduction  equations  are 
embedded as  PDE residuals  in  the loss  function,  with periodic  boundary conditions enforced as 
constraints,  enabling  extraction  of  homogenized  stiffness  and  conductivity  tensors  via  volume-
averaging of the predicted fields [3,4]. Strain-dependent conductivity is encoded as a physics constraint 
coupling  the  two  field  equations,  bridging  fiber-scale  microstructural  behavior  to  macroscale 
resistance-strain predictions [5]. The framework is trained on finite element method (FEM)-generated 
RVE field data as a surrogate and validated against experimental piezoresistive measurements from 
3D-printed  CCFRPC  specimens.  The  results  demonstrate  accurate  reproduction  of  coupled 
electromechanical fields at significantly reduced computational cost relative to FEM-based multiscale 
methods, while enforcing physical constraints that purely data-driven approaches cannot guarantee. 
Parametric  studies  across  varying  fiber  volume  fractions  and  void  morphologies  confirm  the 
framework’s generalizability, establishing a physics-consistent simulation approach applicable to the 
broader  class  of  multifunctional  additively  manufactured  composites  where  electromechanical 
response governs structural performance. 

References 
[1] M. G. D. Geers, V. G. Kouznetsova, and W. A. M. Brekelmans, "Multi-scale computational 
homogenization: Trends and challenges," Journal of Computational and Applied Mathematics, vol. 234, no. 
7, pp. 2175-2182, 2010, doi: https://doi.org/10.1016/j.cam.2009.08.077.
[2] A. Henkes, H. Wessels, and R. Mahnken, "Physics informed neural networks for continuum 
micromechanics," Computer Methods in Applied Mechanics and Engineering, vol. 393, p. 114790, 2022, 
doi: https://doi.org/10.1016/j.cma.2022.114790.



2

[3] M. Raissi, P. Perdikaris, and G. E. Karniadakis, "Physics-informed neural networks: A deep learning 
framework for solving forward and inverse problems involving nonlinear partial differential equations," 
Journal of Computational Physics, vol. 378, pp. 686-707, 2019, doi: 
https://doi.org/10.1016/j.jcp.2018.10.045.
[4] J. Jiang, J. Wu, Q. Chen, G. Chatzigeorgiou, and F. Meraghni, "Physically informed deep 
homogenization neural network for unidirectional multiphase/multi-inclusion thermoconductive 
composites," Computer Methods in Applied Mechanics and Engineering, vol. 409, p. 115972, 2023, doi: 
https://doi.org/10.1016/j.cma.2023.115972.
[5] R. Haj-Ali, H. Zemer, R. El-Hajjar, and J. Aboudi, "Piezoresistive fiber-reinforced composites: A 
coupled nonlinear micromechanical–microelectrical modeling approach," International Journal of Solids 
and Structures, vol. 51, no. 2, pp. 491-503, 2014, doi: https://doi.org/10.1016/j.ijsolstr.2013.10.022.


