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An Analysis of Turbine Disk Forging of Ti-Alloy by the Rigid-Plastic
Finite Element Method

H. J. Cho, N. S. Kim and J. J. Park
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Abstract

The characteristics and good corrosion resistance at room and elevated temperatures led to
increasing application of Ti-alloys such as aircraft, jet engine, turbine wheels. In forging of
Ti-alloy at high temperature, die chilling and die speed should be carefully controlled because the
flow stress of Ti-alloy is sensitive to temperature, strain and strain-rate. In this study, the forging
of turbine disk was numerically simulated by the finite element method for hot-die forging process
and isothermal forging process, respectively. The effects of the temperature changes, the die
speed and the friction factor were examined. Also, local variation of process parameters, such as
temperature, strain and strain-rate were traced during the simulation. It was shown that the
isothermal forging with low friction condition produced defect-free disk under low forging load.
Consequently, the simulational information will help industrial workers develope the forging of
Ti-alloys including ‘preform design’ and ‘processing condition design’. It is also expected that the
simulation method can be used in CAE of near net-shape forging.
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Table 1 Simulation conditions

Used value Hot-die forging Isothermal forging
Friction factor 0.3, 05 0.1
Ram speed 1.0 mm/sec 0.2 mm/sec
Initial billet temp. 900°C 920°C
Initial die temp. 600°C 920°C
Environment temp. 920°C

Billet size

197 mm in diameter
200 mm in height

Conductivity of workpiece 17.8 N/sec-K
Conductivity of dies 19.0 N/sec-K
Density*heat capacity of workpiece 4.39 N/mm?K
Density*Heat capacity of dies 3.77 N/mm%K
Heat transfer coef. of lubricant 1.0 N/mm?Zsec-K
Convective heat transfer coef. 0.009 N/mmé?-sec-K

Emissivity*Boltzmann const.

28.4*10~"* N/mm?-sec-K*

Table 2 Mesh used in simulation

Mesh area Node|Element

Workpiece (for initial run only) | 441 400
Upper die 228 201
Lower die 317 276
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