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Abstract: 2.5D woven composites show great promise for aerospace applications owing to their high specific strength, high specific
modulus and good delamination resistance. However, there is a dearth of research on their mechanical properties and failure
behaviour at high temperature environment. This paper presents numerical simulation and experimental study on the quasi-static
tensile mechanical response and failure behaviour of 2.5D woven Cy/Al composites at high temperature (400 °C). Representative
unit-cell models at the micro- and meso-scale are constructed based on the microstructure and periodic arrangement characteristics of
the yarn. Based on the temperature-related material parameters of the matrix and interface, a multiscale finite element model is
established to numerically analyse the thermal stress distribution as well as macroscopic and mesoscopic mechanical behaviour of the

composites at high-temperature environment. The high temperature induces inhomogeneous thermal stress distribution in the
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composites, where the matrix and yarns are subjected to compressive and tensile stress, respectively. The experimental results show

that the tensile modulus, ultimate strength and elongation of the composites are 63.7 GPa, 238 MPa and 0.72%, respectively. The

numerical tensile stress-strain curve is generally consistent with the experimental results. Numerical simulation results show that the

matrix and interface damage that induced by the thermal stresses accumulates and expands gradually during the tensile process. This

results in the emergence of local interface debonding at the initial tensile stage. As the tensile strain increases, the composites

successively experience the local failure of warp yarns and transverse cracking of weft yarns. At the final stage, the severe axial

fracture of warp yarns leads to catastrophic fracture of the composite, resulting in a dramatic drop of the tensile stress curve. The

fractured warp yarn exhibits a rough fracture surface with the characteristics of fibre pull-out and matrix alloy tearing.

Key words: aluminium matrix composite; 2.5D fabric; high-modulus carbon fiber; high temperature mechanical property; failure

mechanism; numerical simulation
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Fig. 1

2.5D woven fabric appearance (a) and schematic diagram of woven structure (b)
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Table 1 Weaving structure parameters of the 2.5D woven fabric
Fabric size/ Warp fineness/ Weft fineness/ Warp density/ Weft density/ Volume
mm’ Tex Tex (yarns » cm ') ( yarns - cm ') fraction/%
210x125%8 225x%3 225x%2 12 3.9 50

SR FH HL K AR T B LK 25 09 52 45 4 AR R
0T % 5 mmx25 mmx8 mm &AL, WK 2 iR, %
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Fig. 2 Specimen for microstructure analysis
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Fig. 3 Specimen for high temperature tensile tests
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Fig. 4 Microstructures of the yarn
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Fig. 6 Microstructures of 2.5D woven C¢/Al composites
(b) warp directional cross-section
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Table 2 Elastoplastic properties and constitutive model parameters of the matrix

[19-20]

Temperature/ °C E,,/GPa 581 1% Elle/% V" /(1070 K1)
25 64.6 0.27 1.2 0.33 22.7

100 60.7 0.43 1.5 25.4

200 403 0.74 2.0 26.5

300 20.2 22 32 27.8

400 10.7 32 4.5 29.9
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Table 4 Interface mechanical properties parameters of aluminum matrix composites at different temperatures

Temperature/ °C ©/MPa 2 =10/MPa G¢/(J - m™?) G =G /(T - m™?
25 14.1 30.28 1.8 4.04

100 9.7 25.27 1.2 2.87

200 7.5 18.32 0.8 1.49

300 6.9 14.17 0.55 0.91

400 5.5 11.71 0.37 0.62
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Table 5 Elastic constants of yarn at different temperatures 1ag( )
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Table 6 Strength parameters of yarns at different temperatures

Temperature/ C X(/MPa X./MPa =Z7Z;/MPa Y. =Z./MPa S12 =S13/MPa S23/MPa

25 3911.1 2614.2 161.9 168.0 100.8 85.9
100 3818.0 2497.2 333 106.5 40.0 30.5
200 3718.2 2476.7 25.1 79.1 273 21.7
300 3622.1 2446.9 19.3 60.6 19.8 16.0
400 3326.2 2068.8 12.3 414 14.1 10.7
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Table 7 Experimental and calculated mechanical properties of
composites at high temperature
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Fig. 16 Simulated failure modes of yarn structures after the high temperature tensile fracture

(a) axial failure state of warp; (b)

warp transverse failure state; (c) warp shear failure state; (d) weft transverse failure state; (e) weft shear failure state
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