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Optimization of 8 Forging Process for TC17 Titanium Alloy Disk
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Abstract; In order to solve the abnormal microstructure problems in the production of TC17 alloy disk forging, the
forging process optimization of TC17 titanium alloy was studied. The preform structure and beta forging parameters were
optimized through numerical modeling of forming processes. The macrostructure and microstructure and mechanical
properties of TC17 alloy disk forgings before and after the process optimization were analyzed by comparative method.
The results show that the high strain band and low strain area in original forgings can be eliminated by adopting
optimized scheme, and the deformation uniformity and microstructural uniformity of the disk forgings can thus be
improved significantly. An ideal basket-waved microstructure is obtained and its mechanical properties are superior to
those in original conditions.
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Chemical composition of TC17 titanium alloy

Table 1

Element Al Sn Zr Mo Cr Fe

Mass fraction 5.05 2.07 2.03 4.16 4.05 0.04

Element C N H 0 Y

Mass fraction <0.01 <0.01 0.004 0.10 <0.005
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Fig. 1 Microstructure of as-received TC17 titanium alloy bar
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Fig.2 3D model of preform and forging die for

original process
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Fig. 3 Effective strain map of TC17 alloy disk forging for

original process
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Fig. 4 Macrostructure of TC17 alloy disk forging in original

processing condition
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Fig. 5 Microstructures in different zones in Fig. 4 of TC17 alloy
disk forging for original process: (a, b) zone A (high

strain band) ; (c, d) zone C (low strain area)
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Fig. 6 3D model of preform and forging die for optimized process
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Fig. 7 Effective strain map of TC17 alloy disk forging

for optimized process
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Fig. 8 Macrostructure of TC17 alloy disk forging for

optimized process
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Fig. 9 Typical microstructures in different zones in Fig. 8 of TC17 alloy disk forging for optimized process :
(a,d) zone A; (b,e) zone C; (c,f) zone E
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Table 2 Tensile properties and hardness at room temperature of

TC17 alloy disk forging

Sample R,/MPa R, ,/MPa A/% Z/% HBW/MPa

1197 1155 16.0 20 3450
1183 1133 16.0 19 3381

Optimized process

1144 1100 10.0 20 3538
1152 1122 13.5 20 3557

Original process
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Table 3  Low cycle fatigue and fracture toughness of TC17
alloy disk forging

Sample Cyclic number, N, K,./MPa-m"?
Optimized process 17 314 72.0
Original process 16 171 66.9
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