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Table 3 Braiding parameters of 3D five-directional perform
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Table 1 Property index of M40 fiber
Tensil Elasti
Fiber Monofilament enste astie Density/
tvoe  diameter/um strength/ modulus/ (@em
P " MPa GPa g
M40 5-7 4400 392 1.81

F2 ZL301 BaAF Ry
Table 2 Chemical composition of ZL301 aluminum alloy

(mass fraction, %)

Mg Si Cu Zn Mn Ti Al

9.5-11.0 03 0.1 0.15 015 0.15 Bal.
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Fig. 1 Schematic diagram of weave structure of 3D five-

directional(a) and 3D orthogonal(b) braided composites
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Fabric size/mm Fabric thickness/mm Mass of fabric/kg Fiber volume fraction/%
130X20X3 3-3.2 0.095 51
R4 HEEZHRIAG S KL
Table 4 Braiding parameters of 3D orthogonal perform
Fabric size/mm Fabric thickness/mm Mass of fabric/kg Fiber volume fraction/%
130X35X3.7 3.5-4 0.21 50.5
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Fig. 2 Schematic diagram of vacuum pressure infiltration:
1—Lifting and rotating plug; 2—Cooling water; 3—Insulation
cover; 4—Heating coil; 5—Preform; 6—Digital control and

display; 7—Crucible lifting; 8—Vacuum pump; 9—Power

supply
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Fig. 3 Size of tensile specimen (Unit: mm)
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Fig. 4 Density of 3D five-directional and 3D orthogonal
braided C/Al composite
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Fig. 5 Microstructures of 3D five-directional braided Cy/Al composites: (a), (d) Plane; (b), (¢) Vertical surface; (c), (f) Intersecting

surface
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Fig. 6 Hole and porosity defect of 3D five-directional braided
Cy/Al composites
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Fig. 7 Microstructures of 3D orthogonal braided C¢/Al composites: (a), (d) Plane; (b), (¢) Vertical surface; (c), (f) Intersecting

surface
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Table 5  Tensile properties data of 3D braided CyAl

composites (average value)

. Tensile Tensile .
Braiding Poisson
tructur strength/ modulus/ rati
SHucHre MPa GPa °

3D five-directional 753.5 194 0.89
3D orthogonal 644.1 150 0.04
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orthogonal braided C¢/Al composites
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Fig. 9 Tensile load and deformation graph (d) of 3D five-
directional and 3D orthogonal braided C¢/Al composites
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Fig. 10 Macroscopic tensile fracture morphologies of 3D
five-directional and 3D orthogonal braided C¢/Al composites:
(a) 3D five-directional; (b) 3D orthogonal
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Table 6 Bending performance data of 3D braided CyAl

composites (average value)

Braiding Flexural strength/  Flexural modulus/
structure MPa GPa
3D five-directional 931.8 134.2
3D orthogonal 1010.3 154.6
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Fig. 11 Tensile fracture SEM images of 3D five-directional and 3D orthogonal braided C¢/Al composites: (a), (b) 3D
five-directional; (c), (d) 3D orthogonal

Fibers tilt toward
bending direction

12 4RI =4 IEAS CyAL A MRS i 0 SEM &
Fig. 12 Bending fracture SEM images of 3D five-directional and 3D orthogonal braided CyAl composites: (a), (b) 3D
five-directional; (c), (d) 3D orthogonal
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Effects of braiding structures on microstructure and
mechanical properties of 3D-C;/Al composites

ZHOU Zhen-zhen, XU Zhi-feng, YU Huan, WANG Zhen-jun

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The vacuum pressure infiltration was performed for 3D-C¢/Al composites of the carbon fiber, the performs are
3D five-direction and 3D orthogonal braiding structures. The effects of braiding structures on microstructure and
mechanical properties of 3D-Cy¢/Al composites were studied. The results show that the braiding structures have significant
effects on the microstructure and mechanical properties of 3D-Cy/Al composites. The average densities of 3D
five-direction and 3D orthogonal braided composites are 97.7% and 98.3%, respectively. There are a small number of
holes and porosities between the beams in 3D five-direction braided composites, while 3D orthogonal braided composites
exist a little fiber aggregate defects. The tensile strength, tensile modulus and Poisson ratio of 3D five-direction braided
composites are higher than those of 3D orthogonal braided composites. Both of their average tensile strength are 753.5
MPa and 644.1 MPa, tensile modulus are 194 GPa and 150 GPa, Poisson ratios are 0.89 and 0.04, respectively. In
addition, bending strength and flexural modulus of 3D five-direction braided composites are lower than 3D orthogonal
braided composites significantly. Both of their average bending strength are 931.8MPa and 1010.3 MPa, the flexural
modulus are 134.2 GPa and 154.6 GPa, respectively. The mechanical properties of 3D-C¢/Al composites are determined
by their designed braiding structure of perform.

Key words: 3D-C¢/Al composites; microstructure; mechanical property; vacuum pressure infiltration
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