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Abstract

In order to understand the damage initiation and development of three-dimensional layer-to-layer
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fabric composites after impact compression, this paper establishes a finite element model and
compares the finite element simulation results with experiments to verify the effectiveness of the
model. The damage morphology and response curve of the composite were obtained by 12 ] ener-
gy low-speed impact and post-impact compression tests. Based on the consideration of computa-
tional efficiency and damage details, a mesoscopic finite element model is established and the
two-step method is used to simulate the two experimental processes. The model consists of two
parts: resin matrix and impregnated reinforced yarn. The two parts use different damage criteria to
simulate the initiation and development of damage. Finally, the force-time curve, load-displacement,
damage morphology of composite material, and the fracture of impregnated reinforced yarn ob-
tained from the simulation results are compared with the experimental results, which verifies the
reliability of the finite element model.
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Figure 1. Schematic diagram of compression after impact
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Figure 2. (a) Simulation model of low-velocity impact; (b) Simulation model of compression after
impact; (c¢) Impregnated reinforced yarn model; (d) Pure resin model
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Table 1. Mechanical parameters of resin matrix

= 1. WERFENFEEY

MESE e
W p (g/m) 1.30
AR B, (GPa) 3.00
TERALE g, 0.30

B E G, (GPa) 0.78

Table 2. Plastic parameters of resin matrix

=2 WEERFBELEY

JiE BB S 71 (MPa) B 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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Table 3. Mechanical parameters of carbon fiber
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MEZ % Hfy

HE pr(kg/m’) 1800
hifi i E; (GPa) 230
IR BRE Gy (GPa) 4.9
FLIH (%) 2.1

Table 4. Mechanical parameters of reinforced impregnated yarns
= 4. WERRRWENZESY
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P p, (kg/nr) 1656
MR E)) (GPa) 129
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Table 5. Mechanical parameters of strength of reinforced impregnated yarns
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Figure 3. Comparison of low-speed impact simulation curve and experimental curve
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Figure 4. Simulation damage morphology and experimental comparison of low velocity impact
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Figure 5. Comparison of simulation curve and experimental curve of compression after impact
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Figure 6. Simulation of yarn damage and experimental comparison in compression after impact
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