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Experimental Study on Low-Velocity Impact and Compression After Impact

of Carbon/Aramid Hybrid Composite Honeycomb Sandwich Panels
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(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics &. Astronautics,

Nanjing 210016, China)

Abstract: The compressive bearing behavior, failure mode and failure mechanism of sandwich panels

composed of different composite panels and Nomex honeycomb are discussed through low-velocity impact and

compression after impact tests. The failure modes of the specimen are obtained by non-destructive C-scan

tests, Micro-CT and DIC digital measurements. The results show that the material damage modes mainly

include panel fiber fracture, matrix and fiber interface debonding, matrix cracking, shear failure and crushing

of core material. Compared with the carbon fiber composite sandwich structure, the carbon/aramid hybrid

composite sandwich structure has better interlaminar properties. Furthermore, the interlayer hybrid structure

has higher compressive stiffness and residual compressive strength than the intralayer one.

Key words: hybrid composites; low-velocity impact; compression after impact; failure mode; residual

compression strength
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Table 1 Material parameters of fabrics

Pan =
o wmE, wE g o
Kk i -, & /(mm-
(geem ) (gom 2) (Tex) R
Fa
o
Farm 1.76 210 159 0.17 1 000
354 4 1
Farm 1.44 200 166 0.18 1 000
/35
Ty 1.60 206 0.18 1 000
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Table 2 Mechanical properties of plain fabric lamina

MRS 5L T 21 4 - L0 4040 20 2 AR RS BEN e/ D5 AT A S B 2 R
i hi L E./GPa 66.28 21.65 51.24
T 1) b L i E,/ GPa 61.80 18.56 19.74
Hhm E4E R E,/GPa 53.70 16.16 47.94
T 1) JE A S ik o/ GPa 51.64 14.96 20.11
W BT G,,/GPa 4.52 1.47 2.64

HR Y, 0.057 0.093 0.091

HEL /AT 0.053 0.091 0.050
YL 1a) i i B X/ MPa 696.69 511.97 536.34
1 1) o7 AR Y/ MPa 635.06 420.78 460.21
L FE 450 B X/ MPa 453.10 101.58 171.58
1 R 4550 B Y./ MPa 435.94 92.36 125.79
T P9 85 VI3 S,/ MPa 119.19 54.27 73.23
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Fig.1 Honeycomb sandwich structure size
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Table 3 Mechanical properties of Nomex honeycomb
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Fig.2 Schematic diagram of structure of a single-layer car-

bon/aramid fiber blended plain weave composites
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Table 4 Impact damage area of different energies
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i 5] ljj(?lbjEf /15J 207
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D7l 56.3 172.8 385.1 640.1
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Fig.16  Comparison of compressive load-displacement
curves of honeycomb sandwich composites after im-

pact
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Table 5 Compressive failure load of honeycomb sand-

wich composites after impact

S X [:]
kil 017 5] %mﬁ?/kN 157 2017
AHY 12.6 11.6 9.4 8.9 7.9
B# 18.2 15.8 13.2 12.8 12.7
CH 21.0 17.8 15.3 13.8 11.3
D#! 22.5 17.0 10.0 6.3 5.0

Table 6 Residual compressive strength of honeycomb

sandwich composites after impact

SR 4G5 /MPa
0J 5] 107 15] 20]
AR 17.1 15.7 12.7 12.1 10.7
B#Y 25.3 22.0 18.3 17.8 17.6
CHlY 29.9 254 21.8 19.7 16.1
D # 33.7 25.5 15.0 9.4 7.5
24
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Fig.17 Comparison of compressive failure loads of honey-

comb sandwich composites after impact
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Fig.19 Distribution of out-of-plane displacement of 15 ]
specimens of specimen B obtained by DIC in post-
impact compression test
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Fig.21 Distribution of out-of-plane displacement of 157

specimens of specimen D obtained by DIC in post-

impact compression test
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Fig.22 Compressive failure mode of hybrid composite sand-

wich structure after impact
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