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Tab. 1 Particle sizes of EPDM in the RVE model and their volume fractions within the PP matrix

Grain size(nm) Proportion in the PP matrix(%)
93.74 2.67
206.75 6.76
296.37 9.69
319.37 15.96

447.17 14.61
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Fig.1 (a) TEM image of TPV and the statistical distribution of EPDM particles; (b) RVE model of TPV and its

voxelization process
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Fig. 2 Fitting results of constitutive model
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Tab. 2 Mechanical properties of PP and EPDM

Properties of EPDM Properties of PP
H; a; Young’s modulus (MPa) Poisson’s ratio(-) Yield strength(MPa) Yield strain(%)
- 0.0086 2.0132 243 0.4203 18.81 18.81

0.2434 3.9977

2.2174 -2.0002

M, : correlation coefficient of shear modulus; &; : nonlinear exponent
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Fig. 3 Comparison between simulation result of RVE model and experimental result of TPV
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Tab.3 Hyperparameter of GRU model

Hyperparameter Value
Batch size 512
Feature size 2
Hidden size 16
Learning rate 0.0001
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Fig. 5 Uniaxial tension: (a) comparison of Mises stress contours; (b) stress-strain curves between FE and FE-GRU
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Fig. 6 Uniaxial tension: stress contours of TPV model with XY section
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Fig. 8 Uniaxial compression: (a) comparison of Mises stress contours; (b) stress-strain curves between experiment

and FE-GRU
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Fig. 9 Uniaxial compression: stress contours of TPV model with XY section
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Fig. 10 Calculation time of different (a) simulation methods and (b) strain
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Mechanical Properties of Thermoplastic Vulcanizates Based on a Deep
Learning-Finite Element Coupled Framework
Zhi Zhang', Lifeng Ma'?
(1. School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science,
Shanghai 201620, China; 2. College of Polymer Science and Engineering, Sichuan University, Chengdu
610065, China)

ABSTRACT: Thermoplastic vulcanizates (TPV) possess highly complex microstructures and
heterogeneous phase compositions, making it difficult for traditional constitutive models to accurately
capture their stress—strain relationships. This limitation significantly hinders the effectiveness of
conventional mechanical modeling and predictive analysis. To overcome this challenge, the present study
proposed a novel modeling framework that has integrated deep learning with finite element analysis.
Within this framework, deep learning models was embedded into the Gaussian integration points of the
finite element mesh to predict stress directly from strain, effectively replacing complex constitutive
equations and enabling the efficient simulation of TPV mechanical behavior. Recognizing the
history-dependent nature of TPV under loading, GRU model was employed for training purposes. The
feasibility of the proposed framework was validated through simulations of uniaxial tension and
compression. Based on the simulation results, the stress—strain evolution of TPV under various loading
conditions was analyzed. Compared with conventional finite element methods, the proposed approach can
accurately and efficiently capture the stress responses of TPV. This research provides a novel method for
understanding and predicting the mechanical properties of TPV materials.

Keywords: thermoplastic vulcanizate; deep learning model; finite element method; mechanical properties
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