Phil. Mag. 1977, 35, 405-30]Model for 1 spherulite julien.boisse@gmail.com , marc.cornu@univ-lorraine.fr , stephane.andre@univ-lorraine.fr (70% crystal / 30% amorphous)



  Identification of relaxed and instantaneous moduli from computed elastic responses of oriented two-layer lemellae 1 Conception of an ideal 3D spherulitic microstructure Development of a specific viscoelastic behavior law for spherulitic microstructures Transverse isotropic elastic stiffness matrix (Voigt notation) [N. Zobeiry et al., Mechanics of Materials 2016, 97, 76-91] = 𝛈 + 𝐥 + 𝐊 𝟐𝟑 + 𝐆 𝟐𝟑 + 𝐆 𝟏𝟐 𝑀 𝑖,𝑖𝑛𝑠𝑡𝑎𝑛𝑡 ሶ 𝛆 𝐢 -𝛔 𝐢 -𝑀 𝑖,𝑟𝑒𝑙𝑎𝑥 𝛆 𝐢 𝜏 𝑖,𝑟𝑒𝑙𝑎𝑥 𝑀 𝑖 = 𝜂, 𝑙, 𝐾 23 , 𝐺 23 , 𝐺 12 10 spherulites with PBC (adapted for FFT codes)Micromechanical model of a two-layer lamella in High Density Poly-Ethylene (HDPE) solicitation, the microstructure of semi-crystalline polymers (PSCs) such as High Density Polyethylene (HDPE), which have a spherulitic structure, evolves. Our objective is to understand the micro-mechanisms of deformation when the solicitation remains in the low deformation range but takes into account the viscoelastic character of the amorphous phase. We will use a code based on the resolution of the Lippman-Schwinger equations by Fourier transform(H. Moulinec, P. Suquet, Comput. Methods Appl. Mech. Engrg. 1998, 157, 69-94 ; use of code developed at CEA Saclay -https://amitexfftp.github.io/AMITEX/index.html). Dynamical Mechanical Analysis -Experimental and virtual DMA [S. André, J. Boisse, C. Noûs, JTCAM 2021]



  Conception of spherulitic distributions with NEPER  Decomposition of spherulites into angular sectors with a transverse isotropic viscoelastic behavior  Identification of relaxed / instantaneous moduli  Implementation of a transverse isotropic viscoelastic law in UMAT format  First mechanical simulations with
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					[Tashiro, K.; Kobayashi, M.; Tadakoro, H.
					Macromolecules 1978, 11, 914-918.]
		ҧ 𝜀 11 ≠ 0		
	ҧ 𝜀 11	ҧ 𝜀 𝑖𝑗≠11 = 0		
		ҧ 𝜀 11	ത 𝜎 x100	(Gpa)	ҧ 𝜀 (%)
		ҧ 𝜀 ֜ ത 𝜎		

Julien Boisse, Marc Cornu, Stéphane André 𝑡 (𝑠) step Several Spherulites : "Multi-grain like" structure Neper tool : Polycrystal Generation and Meshing (https://neper.info/) Periodic Boundary Conditions (PBC) each sector : transverse isotropic viscoelastic behavior Each spherulite is cut into equivalent angular sectors 𝜴 5 instantaneous moduli 𝑀 𝑖,𝑖𝑛𝑠𝑡𝑎𝑛𝑡 (short times) 5 relaxed moduli 𝑀 𝑖,𝑟𝑒𝑙𝑎𝑥 (long times) 5 relaxation times 𝜏 𝑖,𝑟𝑒𝑙𝑎𝑥 𝜴

Orthotropic elastic crystal Amorphous phase isotropic viscoelastic

  

		𝐸 0 = 300 Mpa	
		𝜈 = 0.49	
	[J.M. Teixeira Pinto et al., International Journal of Fatigue 2013, 54, 133-142]	Young modulus 𝐸(𝑡)	𝐸 ∞ = 17.04 Mpa 𝜈 = 0.49