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Constitutive modeling and hot processing map of Ti551 alloy in the
a+p two-phase region
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Abstract: As a base material for additive forging processes, a novel titanium alloy Ti551 had been used
to conduct hot compression via a Gleeble 3500 thermo-mechanical simulator, and then flow stress
curves were obtained over a strain rate range of 0.001 ~ 10 s ' and a temperature range of 700 ~ 900 °C
in this study. The flow stress curves were fitted using a strain-compensated Arrhenius model and an arti-
ficial neural network model, respectively. The strain-stress curves indicate that during deformation in
the two-phase region, the flow stress of the Ti551 alloy exhibits a typical post-peak softening behavior
under medium-to-low temperatures and high strain rates. Compared with predicated results from the
strain-compensated model, the artificial neural network model gives higher prediction accuracy and
lower average absolute relative error under low-temperature and high strain-rate conditions, with a cor-
relation coefficient R of 0.992 2 and a mean average absolute relative error of 6.3%. Based on the con-
structed hot processing map of the Ti551 alloy deformed in the two-phase region, the plastic instability
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domains under different strain conditions were identified. The lower limit of equivalent strain rate dur-
ing forging in the a+p two-phase region should be no less than 0.01 s ', corresponding to an actual for-
ging speed of not less than 10 mm/s, and that the final forging temperature should be no lower than 750 °C.
These finds can help design practical forging parameters and numerical simulation of Ti551 alloy in the
a+p two-phase region.
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Table 1 Chemical composition of TiS51 alloy %

Al Cr Fe Mo Si Sn \% Zr

C O N H Cu Y Mn Ni

5.33 0.97 0.15 1.55 <0.01 1.04 0.94 0.91

<0.005 0 <0.0010 <0.005 <0.010
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