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Mechanical properties of carbon fiber reinforced epoxy resin three-dimensional braided/unidirectional

fabric hybrid composites
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SUN Houli',ZHANG Hui’
(1. CRRC Qingdao Sifang Co.,Ltd.,Qingdao 266111,China; 2. Center for Civil Aviation Composites , Donghua University , Shanghai 201620, China)

Abstract : In order to study the interlaminar mechanical properties of hybrid carbon fiber three-dimensional braided/unidirec-
tional (3D/UD) fabric reinforced epoxy resin composites, hybrid composite laminates were prepared by vacuum assisted resin trans-
fer molding (VARTM) molding process. The effects of different hybrid ratios, laying angle and layering sequences on the static and
dynamic mechanical properties of hybrid carbon fiber reinforced plastic were studied. The results show that the addition of unidirec-
tional carbon fiber significantly improves the interlayer static mechanical properties of the hybrid composites, and the interlayer
shear properties increase with the increase of the dispersion of the fabric. With the increase of UD fabric lay-up ratio, the bending
property and energy storage modulus of hybrid composites first increase and then decrease, while the compression property decreas-
es continuously. The layering angle of unidirectional carbon fiber also has a great influence on the mechanical properties of hybrid
composites. The static and dynamic mechanical properties of 0° unidirectional carbon fiber hybrid composites are better than those
of 30° unidirectional carbon fiber hybrid composites. Under the same hybrid ratio, different layering sequences also have a great
influence on the mechanical properties of hybrid composites. The sandwich structure U,/3D/U, (0°) has the highest bending strength
and bending modulus, which are 1 210 MPa and 117 GPa, respectively. In addition, the failure of three-dimensional braided layer of
hybrid composites is mainly caused by the interface failure between fiber and resin, while the failure of unidirectional layer is mainly
caused by fiber fracture and lamination.

Keywords : three dimensional braiding ; interlayer hybrid ; composite ; mechanical property
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Tab.1 Layer scheme of 3D/UD hybrid composites

Sample 3D./UD_ Layer sequence Fiber Yolume
hybrid ratio fraction/%
3D, [3D], 53.4
3D/U/3D(0°) [3D/0/3D] 54.2
3D/U/3D(+30°) [3D/30,/3D] 54.0
U,/3D/U,/3D/U, (0°) [0,/3D/0,/3D/0,] 54.2
U,/3D/U,/3D/U, 2:1 [30,/3D/30,/3D/ 540
(+30°) 30,]

U/3D/U; (0°) 1:9 [0,/3D/0] 54.9
U/3D/U, (£30°) [30,/3D/30,] 54.8
3D/U,, (0°) 12 [3D/0,,] 54.9
3D/U,, (£30°) [3D/30,,] 54.8
UD,, (0°) [0],¢ 55.7
UD,, (£30°) [30], 55.5

~ —
R/csi; ( Curing

~ \ -agent
- -z . e —

Fabric cut and layer

Wipe the release agent Vacuum belt pressure Hybrid
And air tightness inspection [

L

- x :
LIl i =
__

High temp. curing Perfusion molding

€1 3D/UDRZE S ENZ A # i Bn ]
Fig. 1 Preparation process diagram of 3D/UD hybrid
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Fig. 2 Flexural load curves of hybrid laminated composites with
different 3D/UD structures
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Fig. 6 CAI load-displacement curves of hybrid laminated composites

with different 3D/UD structures
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