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Abstract: Sandwich structures with excellent mechanical properties and multifunctional potentials can be
applied as favorable impact protective structures. Low velocity impact resistance of woven fiber reinforced
polypropylene honeycomb sandwich panel was experimentally studied using drop weight tester. Effect of
impact energy on structural response under four sides fixed condition was investigated by changing drop
height. Under the same impact energy, the effects of core height and core layer number on the impact
resistance were also studied. Finite element model of honeycomb sandwich panel subjected to low velocity

impact was established by ABAQUS and compared with experimental results in terms of load-time curves
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and failure modes. It was found that local depression of upper face sheet and core collapse were the
dominate failure modes and a significant rebound of honeycomb sandwich panel was found when face sheet
was not penetrated.

Keywords: thermoplastic composite; low velocity impact; honeycomb sandwich panel; finite element model
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Fig. 1 Diagram of a sandwich plate
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Table 1 Material properties for WGFPP homogenized face sheet

BRI PE igE] B Pk KufH
E. /MPa 9 200 G2;/MPa 30
E./MPa 8 500 viy 0.24
Es;/MPa 8 500 vis 0.24
G12/MPa 80 Vs 0.24
G5/ MPa 30 p/(g+cm ®) 1.5

x2 BEESEMHBHENE

Table 2 Material properties for honeycomb core material

#1 (o) /(g em™) # A & (E)/MPa AR HE () JE IR F1 (o) /MPa

PP 0.88 832 0.43 32.6
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Fig. 2 Setup for impact test Fig. 3 Support fixture for impact test
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Fig. 4 Numerical model of the low velocity impact test of honeycomb sandwich panels
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Fig. 5 Load-time curves of 10 mm height honeycomb sandwich

panel under the impact energy of 20 J, 40 J and 60 J
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Fig. 6 Load-time curves of honeycomb sandwich panel with different heights of 10 mm,

15 mm and 20 mm under 100 J impact energy
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Fig. 7 Section view of failure specimens under different impact energy of 20 J, 40 J and 60 J after the test
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Table 3 Index of 10 mm height honeycomb sandwich panel under different impact energy

il R /) Foa/N E./] S¢/mm*
20 3292.7 16.8 —
40 4688.8 31.9 456.1
60 5 407.5 57.3 1165.4
100 7526.4 86.1 1555.3
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Fig. 8 Section view of failure specimens with different height of 10 mm, 15 mm and 20 mm under 100 J impact energy
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Table 4 Index of honeycomb sandwich panel at different height under 100 J impact energy

U 5% 0N )2 7 B/ mm F /N E./] Sq/mm’
8.6 7 526.4 86.1 1 555.3
13.6 6 407.0 72.9 1 929.7
18.6 5 950.8 68.7 2 477.4
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Fig. 9 Load time-curve of single-layered and two-layered honeycomb sandwich

panel under 100 J and 150 J impact energy
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Fig. 10 Section view of failure specimens of single-layered and two-layered honeycomb

sandwich panel under 100 J impact energy
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Table 5 Index of single-layered and two-layered honeycomb sandwich

panel under 100 J and 150 J impact energy

FEH-rhifne = E./] S4/mm’
11.-100 ] 86.1 1555.3
21.-100 ] 75.3 1 095.6
11.-150 ] 135.6 2 219.1
21.-150 ] 110.5 1 658.4
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Fig. 11 Section view of failure specimens of experimental and numerical honeycomb

sandwich panel under 100 J impact energy
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