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Abstract. Titanium alloys have been used in aerospace, ocean engineering and other fields by the advantages of high
specific strength, corrosion resistance and good biocompatibility. However, due to the high cost of titanium alloy during
refining and processing, its further application is limited. It is of great significance to optimize the forming process, shorten
the trial production cycle of parts, improve the material utilization rate of parts and develop precision forming technology
through numerical simulation. The forging process of the TC4 titanium alloy Y-shaped rotational die forging was simulated
by the finite element method. The filling flow of metal and the distribution of the temperature field, stress field and strain
field on the blank during the forming process were obtained. According to the results of finite element simulation, the die
design and forming method are optimized. Based on this, two-step die forging is adopted to successfully prepare the die
forging, and the finite element simulation results are basically consistent with the actual die forging results. It can be seen
that the combination of numerical simulation and process experiment can play an active role in guiding the forming of
titanium alloy Y-shaped rotational die forgings.
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Fig.1 Longitudinal section diagram of forging
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Fig.2 Geometric model of forging forming simulation:

(a) one-step forming with a terrace die, (b) the first step of
two-step forming with a flat die, (c) the second step of two-step
forming with a terrace die
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Fig.3 Comparison between the forging and simulation results
after one-step forming with a terrace die: (a) simulation results,
(b) photos of the forging
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Fig.4 Simulation of the metal flow process in the two-step forging: (a) before forming, (b) after the first step of forming, (c) forming in
the second step, (d) after the second step of forming
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Fig.5 The temperature field distribution during the two-step forging process: (a) after discharging from the furnace and before the first
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