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Numerical Simulation Study of Multi-directional Forging of Titanium Alloy
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ABSTRACT: The aim of this study was to investigate the deformation behavior of TC4 titanium alloy during mul-
ti-directional forging. Based on Deform-3D simulation software platform, the deformation process of titanium alloy dur-
ing multi-directional forging was analyzed, and maximum principal stress, equivalent strain and the maximum load under
different parameters (forging temperature, forging speed, forging steps) were studied. Each step of forging is a typical
upsetting process, the central portion of the blank exhibits compressive stress while the bulging area presents maximum
tensile stress. The maximum compressive stress and tensile stress decrease with the increase of forging temperature and
decrease of forging speed, and maximum principal stress distributes more uniformly after multi-steps of forging. The
equivalent strain and the volume fraction of large deformation central region increase with the increase of the forging step.
The maximum load decreases with the increase of forging temperature and decrease of forging speed, the maximum load
has not change much with the increase of forging step under the same parameters. According to the simulation result,
forging temperature, forging speed and forging step have a significant impact on the deformation of TC4 titanium alloy
during multi-directional forging. The load could be reduced and the uniformity could be improved if the forging process
parameters are appropriate.
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Fig.1 Sectional view of three-dimensional finite element solid
model of multi-directional forging of TC4 titanium alloy
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Fig.2 Axial cross-sectional view of deformation state of the blank during multi-directional forging process of TC4 titanium alloy
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Fig.3 Axial cross-sectional view of the maximum principal stress of TC4 titanium alloy during multi-directional forging under
different temperatures
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Fig.4 Axial cross-sectional view of the maximum principal stress of TC4 titanium alloy during multi-directional forging under
different forging speeds
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Fig.5 Axial cross-sectional view of the maximum principal stress of TC4 titanium alloy during multi-directional forging under
different forging steps
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Fig.6 Axial cross-sectional view of equivalent strain of TC4 titanium alloy after different steps of multi-directional forging
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Fig.7 The change of maximum load during multi-directional forging of TC4 titanium alloy under different conditions
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