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Three-Point Bending Properties of Carbon Fiber Reinforced Polymer
Composite Honeycomb Sandwich Structures With Curved Wall

LIU Xin', WU Qiamqian1 , YU Guocai’, WU Linzhi*
(1. National Key Laboratory of Science and Technology on Advanced Composites in Special Environments, Harbin
Institute of Technology, Harbin 150006, P.R.China;
2. Key Laboratory of Advanced Ship Materials and Mechanics, Harbin Engineering University,
Harbin 150006, P.R.China )

Abstract: In order to analyze the load-bearing capacities and failure modes of carbon fiber reinforced polymer composite
honeycomb sandwich structures with curved wall under 3-point bending loads, theoretical prediction, numerical simulation
and tests were carried out for structures with different core heights and facesheet thicknesses. According to the main failure
modes of sandwich structures, different theoretical prediction formulas and failure mechanism diagrams were firstly made.
Then, the numerical simulation model for the CFRP sandwich structure with a honeycomb core was established to simulate
its failure behavior under the 3-point bending load. Finally, different-size CFRP sandwich structures were fabricated by a
molding process, and the experimental results were compared with theoretical and simulation results. The results show that,

the bearing capacity of the sandwich structure is positively correlated with the core height and the facesheet thickness, and
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the core and facesheet stiffness decrease with the structure size, which results in the structural failure modes changing from

core-facesheet debonding to face crushing.

Key words: composite; honeycomb; sandwich structure; 3-point bending
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Fig. 1 The test schematic diagram of the composite honeycomb sandwich structure under 3-point bending load
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Fig. 2 Failure mechanism map of the honeycomb sandwich structures
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Table 1 Mechanical properties of carbon fiber reinforced polymer composites

parameter value parameter value parameter value
E,/GPa 149.6 Go/MPa 4000 og/MPa 28
E,/GPa 8.7 G3/MPa 4000 Ug /MPa 191
E5/GPa 8.7 G,3/MPa 3000 712/MPa 73
{2 0.3 oT/MPa 2444 713/MPa 73
H13 0.3 o‘?/MPa 1 000 723/MPa 73
H23 0.3 ol/MPa 28 O1y/MPa 25
O'g /MPa 191
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Fig. 3 The preparation process of the honeycomb sandwich structure with curved wall
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Table 2 The geometry of specimens

specimen core length //mm core width b/ mm core height H/mm facesheet thickness #;/mm
A 196 74.5 30.4 0.76
B 196 74.1 15.3 0.76
C 196 74.2 15.5 0.26

£ 3 RIS

Table 3 Other parameters of specimens

specimen number of layers (core) angle of each layer (core) number of layers (face) angle of each layer (face) quality M/g
A 3 [0°/90°/0°] 8 [0°/90°/+45 122.8
B 3 [0°/90°/0°] 8 [0°/90°/£45° ], 85
C 3 [0°/90°/0°] 3 [0°/90°/0°] 62.7

4 CFRP plBEE ST S b ahF) 1) = 5725 iR 4 e
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Fig. 6 Simulation results of specimens A, B and C
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Table 4 Results of specimens A, B and C obtained through theory, simulation and experiment

specimen  theoretical failure mode numerical failure mode experimental failure mode ~ P;/N P,/N P.,/N  (P—P)/P, (P,~P.))/P,
A debonding debonding debonding 17952 21755 20103.9 0.107 0.076
B debonding debonding debonding 10176 93244 82375 —-0.235 0.116
C face crushing face crushing face crushing 72867 6119.6 6814.5 —0.068 -0.114
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