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Comparative Study of High Cycle Fatigue Performance of TB6 and TC4 Titanium Alloy
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Abstract; The blanks of TB6 and TC4 titanium alloy planetary gear frame were prepared by hot-die forging. The

blanks were heat treated, and then the samples were cut to test the high cycle fatigue performance, and the fatigue

fracture morphologies were compared and analyzed. The results show that the average fatigue strength of TB6 titanium

alloy is 723.0 MPa, and the limit inferior of fatigue strength under the condition of survival rate of 90% and confidence

of 95% is 677.1 MPa. The average fatigue strength of TC4 titanium alloy is 437. 7 MPa, and the limit inferior of fatigue

strength under the condition of survival rate of 90% and confidence of 95% is 405. 8 MPa. According to the fatigue

fracture morphologies, both TB6 and TC4 titanium alloys are mainly cleavage fracture, and both have certain toughness. The

fatigue strength fluctuation of TB6 titanium alloy is less than that of TC4 titanium alloy, and the high cycle fatigue

performance of TB6 titanium alloy is better, so it can be used as an alternative material for planetary gear frame.
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Table 1  Chemical composition of TB6 and TC4 titanium alloy

Al A% Fe C 0 N H Ti

TB6 3.15 10.03 1.604 0.012 0.052 0.008 0.0009 Bal.
TC4 6.30 4.00 0.100 0.030 0.110 0.020 0.0010 Bal.
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Fig. 1  Microstructures of TB6 and TC4 titanium alloy after
heat treatment; (a,b) TB6; (c,d) TC4
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Table 2 Room temperature tensile properties of TB6 and

TC4 titanium alloy

Position of

Material R, /MPa R, ,/MPa  A/%  Z/%
fracture
TB6 1314 1262 13.2 53.3 Middle
TC4 1026 938 15.3 41.4 Middle
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Table 3 High cycle fatigue test data of TB6 titanium alloy

by up-down method

Stress Serial number

/MPa 1 2 3 4 5 6 7 8 9 10 11 12 13
762 x x

736 X X X @) X
710 O o} x o o

684 O

Illustration; x Failure; O Pass
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Table 4 Failure event analysis of high cycle fatigue test of TB6

titanium alloy ( test data analysis of up-down method)

Numerical value

Stress/MPa i
s i, 2,
762 3 1 3 9
736 2 4 8 16
710 1 1 1 1
684 0 0 0 0
Total — 6 12 26
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Table 5 High cycle fatigue test data of TC4 titanium alloy

= 0.0211

by up-down method

Stress Serial number

/MPa 1 2 3 4 5 6 7 8 9 10 11 12

451 X X X X X
431 O X (@) O (@) O
411 O

Ilustration: x Failure; O Pass
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Table 6 Failure event analysis of high cycle fatigue test of TC4

titanium alloy(test data analysis of up-down method)

Numerical value
Stress/MPa i

i i, 2,
451 2 5 10 20
431 1 1 1 1
411 0 0 0 0
Total — 6 11 21
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Fig. 2 Macro-morphology of fatigue fracture of TB6 titanium alloy
test specimen (a) and secondary electron morphology of

fatigue crack source region (b)
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Fig. 3 River pattern (a) and dimple morphology (b) of fatigue

fracture crack growth zone of TB6 titanium alloy specimen
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Fig. 4 Cleavage step (a) and dimple morphology (b) of fatigue

fracture zone of TB6 titanium alloy specimen
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Fig. 5 Macro-morphology of fatigue fracture of TC4

titanium alloy specimen
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Fig. 6 Fatigue flare (a) and secondary crack morphology (b) in

fracture crack growth zone of TC4 titanium alloy specimen
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Fig. 7 Morphologies of tear corrugations and microcracks in

transient fracture zone of TC4 titanium alloy specimen
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