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Table 1  The validate results of this model
Damage Test Simulation
Error/ %
parameters results results
Damage area/mm’ 919 875 4.89
Damage width/mm 35.0 37.3 6.57
Dent depth/mm 0.340 0.373 9.7
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Fig. 2 Picture obtained by ultrasonic C-scan
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Fig. 5 The impact force-time curves of different fibers
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Fig. 7 The impact force-time curves of different energies
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Table 2 Damage areas of laminates under the

impact of different shape of impactor

Damage area /mm’

Impactor
shapes Fiber Matrix  Delamination Total
damage damage damage damage
Hemisphere 150 380 874 874
Cone 98 218 320 320
Plane 0 408 1820 1820
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Table 3 Damage areas of laminates under the impact

of different diameters of impactor

Impactor diameters /mm Damage areas/mm’

12.7 746
16 874
25.4 892
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Table 4  Different boundary conditions of laminates

Load project Boundary dimensions Binding conditions

B1 125mm x 75mm U, =0,U;, =0,U, =0
B2 125mm x 75mm U, =0
B3 125mm X 75mm Built-in
B4 150mm x 100mm U, =0,U;, =0,U;, =0
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Table 5 Examples assigning table

Percentage of +45° Numbers of Numbers of typical

ply/ % examples examples’groups
0 18 8
20 21 6
40 31 6
60 24 4
80 6 2
100 18 8
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Table 6 The variation of damage areas while proportion of

+45° plies growing gradually

Examples Damage area /mm’
[0/0/0/0/90], 749
[45/0/0/0/90] 569
[45/ -45/0/0/90] 681
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Exploration of Several Influence Factors of
Low-Velocity Impact Damage on Composite Laminates

QU Tian-jiao' , ZHENG Xi-tao', FAN Xian-yin', ZHENG Xiao-xia’

(1. Schools of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, China; 2. AVIC Shenyang Aeroengine Research
Institute, Shenyang 110015, China)

Abstract: Damage of composite laminates due to low-velocity impact depends on number of factors. The simulation of composite lami-
nates damage is carried out with ABAQUS software. Several influence factors are analyzed in order to foresee the damage resistance of
composite laminates in the early stage with the method which regards damage area as the single-variable parameter. Delamination is one of
leading damage forms of laminates. Based on damage mechanics, fracture mechanics and cohesive theory, cohesive unites are constituted
in this paper to simulate delamination accurately. The point of inflexion is a central characterization of damage resistance. Based on the
experiments and finite element model, damage resistances of different laminates are determined by contrasting diverse inflexion value

which can be calculated on impact force-time curves. The rationality of the model has been confirmed by the low-velocity impact test.

Key words: impact damage; influence factor; material system; impactor; lay-up sequence



