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Hot Forging Design of Titanium Compressor Wheel
for a Marine Turbocharger
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Abstract

Hot-forging process and die design were made for a large-scale compressor wheel of Ti-6Al-4V alloy by using the
results of 2-D FEM simulation. The design integrated the geometry-controlled approach and the processing contour map
based on the dynamic materials model and the flow stability criteria. In order to obtain the processing contour map of Ti-
6Al-4V alloy, compression tests were carried out in the temperature range of 915°C to 1015°C and the strain rate range of
1035 to 10s™. In the die design of the compressor wheel using the rigid-plastic FEM simulation, forging dimensional
accuracy, the capacity of the forging machine and defect-free forging were considered as main design factors. The
microstructure of hot forged wheel using the designed die showed a typical alpha-beta structure without forging-defects.

Key Words : A Large-Scale Compression Wheel, Ti-6Al-4V, Hot Forging, Dynamic Materials Model(DMM), Forging-
Defects, FEM Simulation
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Fig. 1 Flow stress vs. true strain curves of Ti-6Al-4V
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Fig. 2 Deformation processing map of Ti-6Al-4V
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Table 1 Dimension of forged part for compressor wheel
Max. wheel dia. Upper wing dia. Height
(mm) (mm) (mm)
¢ 353 $259 205.5

Fig. 3 Three dimension modeling of (a) Compressor
wheel and (b) forged part of compressor wheel
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Fig. 4 FE simulation results of hot forging process for initial design of compressor wheel
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Fig. 8 Simulation to estimate instability of hot-forged
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Fig. 9 Macro- and micro-structures of the forged Ti-

6AI-4V part
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Fig.10 Cut-up diagram of the forged part

Table 2 Tensile properties of the forged part

ND: Temp.(°C) | YS(MPa) | UTS(MPa) | EL(%)
1 RT 875.1 950.7 174
2 RT 865.8 939.1 26.1
3 RT 856.6 935.6 22.6
4 RT 856.4 934.1 28.7
1 200 613.6 734.6 20.6
2 200 606.8 723.6 22.5
3 200 606.8 728.9 24.3
4 200 606.6 728.9 215
1 300 513.7 660.6 20.0
2 300 510.2 651.3 22.2
3 300 497.7 644.6 23.6
4 300 505.8 646.9 21.7
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