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Fig. 1 Schematic diagram of experimental devices
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Table 1 Experimental data
No. n h/mm v/(mes ') I/(N - s) W/mm AR A K
1 18 5.11 13. 30 16. 49 1.8 1
2 18 4.98 24.70 30. 63 8.3 I
3 18 5.15 32.60 40. 42 12.4 I
4 18 5.13 36.47 45.22 13.5 I
5 18 5.10 36.50 45.26 13.3 I m
(a) Global plastic deformation mode (b) Global plastic deformation (c) Fibers tension fracture
and embedded failure mode and delaminated failure mode
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Fig. 2 The deformation and failure modes of the plates
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) ﬁ”ﬁifﬁ ?u Fig. 3 Displacement histories of the mid-span in the back face
2.1 BRTER
2.1.1 HHAH
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0. 34, fBCE vhfi i F2 b AN e BB A AR I R T WIARBE RS, %% B2 7 800 kg/m’,
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Table 2 Material properties of the Kevlar composite fabric

o/(kg+m %) E/GPa G./GPa  G.,/GPa v X,/GPa X./GPa Y./GPa Y./GPa S./GPa
1400 59.5 5.18 5.18 0. 34 1. 20 0.23 1. 20 0.23 0.12
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SEAVERE R Z L FRE AR )2 R H solid164 SEAR BT, BT RSF 2 1. 875 mm X 1. 875 mm X 0. 27 mm,
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Fig. 4 Finite element model of the structure and its photo in the experiment
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Fig. 5 Comparison of the experimental and simulated final deformation modes under impact
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Table 3 Comparison of the experimental and simulated results at different impact velocities

d e / MM W/mm
v/(m s ") — X N R ® y

S FEIER ) e/ % S B {H A e/ %
13. 30 10. 3 9.3 —9.71 1.8 1.5 —16. 67
24.70 14.2 14. 8 4.23 8.7 7.9 —9.20
32. 60 18.3 17.6 —3.83 12.4 11.2 —9.68
36.47 20.7 20. 3 —1.93 13.5 13.6 0.71
36. 50 19.9 20. 3 2.01 13.3 13.6 2.21
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Fig. 6 Process of projectile impacting the Kevlar laminates
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Fig. 7 Histories of stress distribution in the Kevlar laminates
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Dynamic response of woven Kevlar/Epoxy composite laminates
under impact loading

Ma Xiaomin', Li Shigiang', Li Xin®*, Wang Zhihua®*, Wu Guiying'
(1. Mechanics College s Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
2. Institute of Applied Mechanics and Biomedical Engineering » Taiyuan University of Technology ,
Taiyuan 030024, Shanxi, China)

Abstract: Based on the blunt projectile impact test of woven Kevlar/Epoxy composite laminates, the
deformation and failure modes of the composite laminates subjected to impact load were analyzed. Ex-
perimental results show that the deformation and failure behaviors were exhibited in the following
ways: the global elastic deformation, the global plastic deformation with local embedded failure on the
front surface, and the delaminated failure with fibers tension fracture on the back surface. The finite
element software LS-DYNA 971 was employed to analyze the dynamic response of the woven Kevlar/
Epoxy composite laminates subject to impact loading. Numerical simulation results show that there is
a good agreement of the deformation/failure modes and the back face center-point deflection of the
specimens, with those of the experimental results. The failure area on the front face is a circle embed-
ded region, but a square failure region on the back face. The numerical simulation is focused on stud-
ying the effects of the number of layers on the dynamic response of the structure. Optimizing the
number of the layers can effectively reduce the permanent deflection, increase the energy absorption
efficiency and improve the impact resistance performance of the structure within a given range of im-
pulses.

Key words: solid mechanics; dynamic response; impact load; Kevlar/Epoxy composite laminates
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