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Reconstruction method of microstructure and mechanical properties simulation

of three-dimensional needling composites

ZHU Zhaojun',, CHEN Fuzhen’, YIN Xiaoxiong', LI Ruifeng’

(1. School of Aero Engine, Zhengzhou University of Aeronautics, Zhengzhou 450046, China; 2. School of Power and Energy,
Northwestern polytechnical university, Xi’an 710012, China; 3. Inner Mongolia Institute of Dynamical Machinery, Huhhot 010010,
China)

Abstract: The in-situ tensile X-ray micro-CT technology, image analysis and fine structure reconstruction method are used to
complete the quantitative description of complex geometric structures such as fiber and crack of three-dimensional needling
composites. The reconstruction model of fibre structures such as needling fiber bundle is established. A multi-scale finite element
modeling method for three-dimensional needling composites is proposed and applied to the simulation and analysis of tensile
mechanical properties. The results show that the three-dimensional needling composites fracture location under tensile loading shows
overall fibre fracture, and woven layer bears more tensile load and has a higher number of broken fibers than other layers. The user
subroutine UMAT in ABAQUS software and the method of process parametric modelling, representative volume element is used in
unit cell analysis to carry out meso-progressive damage analysis, the process parameter transfer between macro and micro scales is
achieved and the predicted value of the tensile modulus is greater than the experimental result, with an error of 9.2%. The research
method and results of this paper can provide the basis for the parametric modelling of material needling process and the research of

process design and mechanical analysis.
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Fig. 3 Geometric model and parameters of fiber (a) geometric model of fiber; (b) model of needing bundle; (c) model of 90°
unidirectional fiber; (d) model of —90° unidirectional fiber
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Fig. 5 Method of crack quantization and crack change with load  (a) crack model in the initial stage; (b) SEM morphology of
fracture surface; (c) law of crack volume and number; (d) fracture stage reconstruction model
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Table 1 Needling forms in different plies

Needing step The first ply The secong ply The third ply
First needing along X directon (0,0) (0,4) (0,8)

First needing along Y directon (0,3) (4,3) (8,3)
Second needing along X directon (0,2) (0,6) (0, 10)
Second needing along Y directon (2,3) (6,3) (10,3)
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Fig. 9 Finite element analysis model
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(a) needling trail in the first ply; (b) unit cell of the needled composite
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Table 2 Mechanical properties of fiber and matrix

Material E,,/GPa E5,/GPa G,/GPa G,3/GPa 01 033
T800 fiber 195 8.58 4.6 2.9 0.33 0.48
Matrix 4.1 — 1.52 — 0.35 —
3 AERGRYETERETIN(H
Table 3 Prediction of equivalent elastic properties

Model E/GPa  Epn/GPa  Ey/GPa Gp/GPa  G3/GPa Gpi/GPa oy 013 03
Braided fiber woven 58.23 57.66 8.852 3.459 2.776 2.88 0.06 0.07 0.08
Fiber net 67.91 67.91 10.05 25.74 3.537 3.537 032 032 0327
90° fiber 166.1 7.75 7.75 3.816 3.816 2.607 033 033 046
Needling fiber bundle 175.6 8.018 8.018 4.081 4.081 2.701 033 033 048
Non needling model 61.77 61.89 23.18 23.28 5.585 5.614 033 031 034
Single needling model 59.07 50.05 21.99 17.15 3.085 3.601 039 023 024
Surface needling model 59.34 58.61 10.25 19.49 12.26 7.8 029 0.19 0.20
Multiple needling model ~ 58.23 58.02 12.66 18.18 3.091 3.031 029 0.16  0.04
Unit cell 62.4 57.66 19.33 20.37 5.173 4.993 034 026 027

Experiment 56.7
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(a) multiple needling model;

(b) non needling model; (c) single needling model; (d) surface needing model
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(a) multiple needling model SDVS5 damage evolution;

(b) unit cells SDV10 damage evolution; (1) e=1%; (2) e=1.6%; (3) e=2%
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