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Abstract

In order to establish the finite element simulation of carbon fiber 3D orthogonal woven compo-
sites (3DOWCs) under repeated low-velocity impact, this work compares the simulation with the
experiment to verify the effectiveness of the simulation. 3DOWCs plates were manufactured on a
home-made 3D woven machine and subjected to 50 J repeated low-velocity impact tests, and the
fracture morphology and mechanical curves were obtained. The multi-step method is used to si-
mulate the repeated impact test, and the restart technology and artificial damping are introduced
in the impact process. A multi-scale finite element model is established, and the material proper-
ties and damage modes of the reinforced tow are integrated into the ABAQUS/Explicit user defined
material subroutine (VUMAT). The 3DOWCs damage model includes a displacement-based failure
model and a 3D Hashin failure criterion to simulate the damage evolution of 3DOWCs under the
repeated low-velocity impact load. Using symmetric boundary conditions, a 1/4 finite element
model is established to reduce the calculation cost. Compared with the experimental results, the
validity of the model is verified by the mechanical curve of the first impact, the peak force of the
third impact and the continuity of the damage distribution.
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Table 1. 3DOWCs sample parameters
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WFE AR RS /mm PR /mm LU % FLERA/%
3DOWCs 150 x 100 3.78 54.99 3.7
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Figure 1. (a) Simulation model of repeated low-velocity impact; (b) Schematic diagram of 3DOWCs simulation model
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Table 2. Mechanical parameters of resin matrix

=2 WERFENFESY

MRS 5 HfE
P p (gm) 1.30
WAEAIE E,, (GPa) 3.00
THRA L w, 0.30
Yl G, (GPa) 0.78

Table 3. Plastic parameters of resin matrix
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Jit IR S 17 (MPa) B N AR (%)

25 0

33 0.30
82.64 0.78
118.46 1.30
142.50 2.39
159.52 3.00
181.70 3.79
188.83 4.43
185.70 5.05
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Figure 2. Schematic diagram of RUC model
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Table 4. Reinforced tow material parameters
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MRS H HfE MRS H HfE
HE p, (kg/m) 1656 FAFHRIE X, /X;, (MPa) 75
AR Eoy/Es; (GPa) 9.04 R X, (MPa) 4572
HAEHE )\ (GPa) 129 JEYEE X, /X5, (MPa) 256
VHRA L p10/013 0.307 E4E58E X, (MPa) 2478
WIRA L g3 0.35 BIVIHE R S1/S15 (MPa) 113
BIPIBE G1o/G)3 (GPa) 4.5 BIY)5RE S5 (MPa) 98
BIYIBL S Gys (GPa) 3.4
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Table 5. Damage initiation criterion of reinforcing tow
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Figure 3. (a) Comparison of first impact value and experimental force-time; (b) Comparison between numerical value and

experimental peak force
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Figure 5. (a) Comparison of the first impact back experiment and simulation topography; (b) Comparison of yarn damage in

the third impact
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