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Effect of heat treatment on dynamic properties of
TC4 titanium fan blade

PEI Chuan-hu, LI Zhen-xi, HUANG Xu, LI Si-qing, DING Jian-shan

(Titanium Alloys Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The effects of annealing temperature on the dynamic properties of TC4 titanium fan blade were investigated.
The results show that the adiabatic shear susceptibility is decreased and the absorbed energy is increased with increasing
annealing temperature in normal heat treatment temperature range (700~800 °C). With heat treatments, the influence of
cooling rate from the solution treatment on the microstructure and dynamic mechanic properties was studied at the critical
fracture strain rate of the TC4 titanium (3 000 s ). It is found that the o phase almost completely equated and the grain
size increased with decreasing cooling rate. Therefore, the dynamic strain is increased and the adiabatic shear
susceptibility is decreased with the dynamic strength decrease slightly.
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Table 1 Heat treatment processing

Technique No. Heat treatment processing
a 700 ‘C, 2 h, AC
b 750 'C, 2 h, AC
c 780 ‘C, 2 h, AC
d 800 ‘C,2h, AC
e (950 C, 2 h, AC) + (600 C, 5 h, AC)
f (950 'C, 2 h, FC) + (600 C, 5 h, AC)
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Fig. 1 Stress—time curves of TC4 fan blade by different heat

treatments at different strain rates: (a) 2 000 sfl; (b) 2 500 sfl;

(c)3000s"
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Table 2 Loading time of TC4 fan blade by different heat

treatments at different strain rates

Loading time/ps
a b c d e f

Strain rate/s "

2 000 80 80 80 80 80 80
2 500 80 80 80 80 80 80
3 000 67 72 77 80 80 80
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Fig. 2 Microstructures of adiabatic shear band at strain rate of 2 500 s ': (a) Sample 1; (b) Sample 2;(c) Sample 3;(d) Sample 4
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Fig. 3 Microstructures of adiabatic shear band at strain rate of 3 000 s ": (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4;

(e) Sample 5; (f) Sample 6
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Fig. 4 True stress—strain curves at different strain rates: (a) 2 000s™'; (b) 25005 '; (¢) 3 000s™*; (d) 3 000s™
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Table 3 Flow stress and strain at different strain rates

. Flow stress/MPa Strain
Strain rate/s
1 2 3 4 5 6 1 2 3 4 5 6
2 000 1610 1610 1620 1630 0.175 0.185 0.190 0.205 - -
2 500 1620 1620 1630 1630 0.201  0.215 0.225 0.230 - -
3 000 1630 1620 1650 1650 1640 1580 0.210 0.215 0.235 0.240 0.255 0.275
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Table 4 Absorbed energy at different strain rates

Absorbed energy/(J-cm )

Strain

rate/s”' 1 5 3 4 5 6
2 000 212 243 240 266 - -
2 500 248 263 272 273 - -
3 000 252 278 280 330 390 400
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