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Constitutive model for elevated temperature flow stress of Ti-6A1-4V
alloy considering the effect of work softening
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Abstract: A method for establishing the constitutive model considering the flow softening was pro-
posed. Isothermal uniaxial compression tests were performed on cylindrical specimens of Ti-6Al-4V at
750 °C to 950 °C and the strain rate of 0.1 s 'to 20 s '. And the flow softening that the flow stress de-
creases with the plastic deformation was observed. The steady flow stresses under the severe plastic de-
formation were obtained by fitting the experimental data via double Voce function. The constitutive
equation of the alloy considering the flow softening was acquired using Levenberg-Marquardt non-lin-
ear fitting. The parameters of the constitutive equation by Levenberg-Marquardt non-linear fitting have
less error than those by the linear least square fitting. The proposed method for obtaining flow stress at
high temperatures is able to avoid the influence of stress fluctuation in the early stage of hot deforma-
tion, and the high-temperature steady flow stress constitutive model according to the exponential func-
tion can be obtained, which will be useful in hot working process development for new metallic materi-
als.
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Fig. 1 Initial microstructure of the tested sample
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Fig. 2 Schematic diagram of the hot compression test
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Fig. 3 True stress-strain curves of TC4 alloy
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Fig. 4 Comparison between the measured and fitted stress-strain curves
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Fig.5 Bivariate spline approximation for the saturated
flow stress
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Fig. 6 Linear fitting of variables in the constitutive equation
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Fig.7 Comparison between the measured and fitted data
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