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Static and dynamic behaviors of
TiC particle reinforced titanium matrix composites
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Abstract: Static and dynamic behaviors of TiC particle reinforced titanium matrix composite TP650 and titanium alloy
matrix were studied by MTS810 testing apparatus and a split Hopkinson tension bar (SHTB), and the stress—strain
curves of materials at different strain rates were obtained. The results show that with the strain rate increasing, the yield
stresses of the composites and the matrix (a strain rate sensitive material) also increase. The dominating failure types of
TP650 are tearing in matrix around particles and debonding between particles and matrix along with few particle
fractures. Assuming that the inhomogeneous cells of composites are arrayed periodically in space, the numerical
simulations of static and dynamic behaviors of titanium matrix composites with finite element software are carried out
and the results agree with experiment results well. The effects of particle shape and particle volume fraction on the static
and dynamic behaviors of TiC particle reinforced titanium matrix composites are also predicted by numerical simulations.
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Fig.1 Specimen for quasi-static tensile test (unit: mm)
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Table 1 Mechanics parameters of materials

Material oJ/MPa E/GPa
Matrix 1095 108
TP650 1214 117
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Fig.2 Specimen for tensile impact test (unit: mm)
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Table 2 Ultimate strength of materials at different strain rates

. Ultimate strength/GPa
Material 3 =
200 s 500 s
Matrix 1.513 1.72
TP650 1.846 2.15
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Fig.3 Fracture morphologies of TP650
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Fig.5 Finite element model of unite cell
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Table 3 Mechanics properties of particle and matrix
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Fig.4 Sketch map of homogenous material model

Material pl(grem™®)  E/GPa v o/MPa
TiC particle 443 460 0.188
T650 matrix 4.51 108 0.35 1 095
Material E/GPa Crs™! P
TiC particle
T650 matrix 6X107° 1832.6 23
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Fig.6 Comparisons of numerical predictions with experimental results: (a) Quasi-static results; (b) Dynamic results
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Fig.7 Failure processes of composite: (a) Load step 1; (b) Load step 2; (c¢) Load step 3; (d) Load step 4
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Fig.8 Effects of particle shape on stress—strain curves of 3%

TiC-T650 composites at strain rate of 1 X 10™* /s
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Fig.9 Effects of particle shape on stress—strain curves of 3%
TiC-T650 composites at strain rate of 200 /s
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Fig.11 Comparisons of fracture morphologies of composites reinforced by particles with different shapes: (a) Spherical particle

reinforced composite; (b) Cylindrical particle reinforced composite; (c) Elliptic particle reinforced composite
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Fig.12 Effects of particle volume fraction on stress—strain

curves of composites at strain rate of 1 X 107 /s
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Fig.13 Effects of particle volume fraction on stress—strain
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