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Effect of Hot Working Processes on Microstructure and Properties of
TC4 Titanium Alloy Bar for Blade
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Abstract; To optimize the hot working processes of TC4 titanium alloy bar for blade, the effect of precision forging
and rolling processes on microstructure and properties under the same conditions were compared, and the influences of
precision forging temperatures and deformation degrees on microstructure and properties were further analyzed. The
results show that compared with the precision forging process, the rolling deformation time is shorter and the rise of
temperature is obvious, resulting in a low volume fraction of primary a phase, and the strength at room and high
temperature is significantly lower than that of the precision forging bar, but the microstructure is more uniform, the
ultrasonic testing noise level is lower. In addition, with the increase of precision forging temperature, the volume
fraction of primary o phase decreases, and the tensile strength at room and high temperature also decrease, but the
ultrasonic testing noise level decreases. With the increase of precision forging deformation, the non-uniform deformation
of forging bar is sharpened, and the tensile strength at room and high temperature are improved gradually, but the
ultrasonic testing noise level increases. When the precision forging temperature is 940°C, the microstructure and
properties of precision forging bar matches well.
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Table 1~ Chemical composition of TC4 titanium alloy billet
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Fig. 1 Transverse microstructure of TC4 titanium alloy billet
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Table 2 Processing methods of TC4 titanium alloy bar
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. Specification  Processing Forging Forging
’ /mm method temperature/°C. degree/ %
1 $30 Two pass forging 940 89
2 $30 Forging + rolling 940 89
3 $30 Two pass rolling 940 89
4 $30 Two pass forging 920 89
5 #30  Two pass forging 960 89
6 $50 One pass forging 920 70
7 $50  One pass forging 940 70
8 $30 One pass forging 960 70
9 $65 One pass forging 920 50
10 $65 One pass forging 940 50
1 $65 One pass forging 960 50
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Fig. 2 Transverse and longitudinal microstructures of ¢30 mm TC4 titanium alloy bar under different processing methods ;

(a) transverse, two pass forging; (b) transverse, forging + rolling; (¢) transverse, two pass rolling;

(d) longitudinal, two pass forging; (e) longitudinal, forging + rolling; (f) longitudinal, two pass rolling
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Table 3 Mechanical properties of TC4 titanium alloy bar with $30 mm produced by different processing methods
Room temperature tensile properties R, (400 °C) Durability (400 C/  Creep (300 C/
No. Processing method
R,/MPa R, ,/MPa  A/%  Z/% /MPa 570 MPa)/h 530 MPa/100 h)/%
1028 961 15 41 746 > 101 0.133
1 Two pass forging
1039 967 14 40 722 > 101 0. 102
979 903 17 44 679 >101 0. 152
2 Forging + rolling
982 902 18 43 674 > 101 0. 130
994 908 17 44 702 > 101 0.116
3 Two pass rolling
992 910 14 46 703 > 101 0.179
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Transverse microstructures of TC4 titanium alloy bar with different specifications under different forging temperatures ;
(a) 920 C/¢$30 mm; (b) 940 C/$30 mm; (c) 960 C/$p30 mm; (d) 920 C/$50 mm; (e) 940 C/ P50 mm;
(£) 960 C/p50 mm; (g) 920 C/Pp65 mm; (h) 940 C/p65 mm; (i) 960 °C/PH65 mm
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Fig. 4 Tensile properties of TC4 titanium alloy bar with different specifications under different forging temperatures :

(a, b) room temperature; (c) high temperature (7 =400 °C )
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Table 5 Ultrasonic testing noise level of TC4 titanium alloy bar

under different forging temperatures

Specification Temperature

No.

Ultrasonic testing noise level

/mm /C
1 $30 920 $0.8 mm-(9 ~12)dB
2 $30 940 0.8 mm-(9 ~12)dB
3 $30 960 0.8 mm-(9 ~12)dB
4 $50 920 0.8 mm-(12 ~16) dB
5 $50 940 0.8 mm-(12 ~16) dB
6 $50 960 0.8 mm-(12 ~16) dB
7 $65 920 $0. 8 mm-(12 ~16)dB
8 $05 940 $0. 8 mm-(16 ~20)dB
9 $65 960 $0. 8 mm-(16 ~20)dB
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