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Tab.1 Mechanical properties of TC4

Jit MR 58 JBE (MPa) P $ir 98 B (MPa) MR B (GPa) I (kg/m®)
918 996 495.5 4379
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Fig. 2 Hour-glass-shaped specimen
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Fig. 3 Vibrational modes of specimen Fig.4 Vibrational modes of specimen
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Tab. 2 Ultra-high cycle fatigue testing results of TC4 alloy

5 NI (MPa)  fRERJE K #5  NJI(MPa)  fEIFJEIR

1 330 8. 00X 10° 25 390 8.20X10°
2 330 3. 00X 107 26 390 9.67X10°
3 330 1.07X 10" 27 390 1.92x107
4 330 1.20X10° 28 390 8. 00X 107
5 330 1.40X10° 29 390 1.14 % 10"
6 330 2.50%10° 30 390 2.39X10°
7 340 8.20X107 31 410 3.90X10°
8 340 9.30X107 32 410 1.88%10°
9 340 2.20%X10° 33 410 8. 00X 10°
10 340 4,98X%10° 34 410 3. 00X 107
11 340 5.20% 108 35 410 6.91x10"
12 340 1.03X 10" 36 410 3.73X10°
13 350 7.89X107 37 425 6.90X10°
14 350 1.50X10° 38 425 8. 95X 10°
15 350 2.15%X10° 39 425 4, 06X 10°
16 350 2.89%10° 40 425 9. 00X 10"
17 350 3. 74 %108 41 425 1. 72X 107
18 350 9.37x10° 42 425 1.39%10°
19 370 7.54X10° 43 440 5. 00X 10"
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Tab. 3 Logarithmic fatigue life x=IgN of TC4 alloy
Shex (MPa) {127 S R

i 330 340 350 370 390 410 425 440 b R;

1 6.903 7.913 7.707 7.265 5. 378 6.191 5. 838 4. 301 0.1429 85.71
2 7.477 7.968 7.897 7.476 5. 913 6.274 5. 951 4. 698 0. 2857 71.43
3 8.120 8. 342 8.176 7.649 5. 985 6.903 6. 608 6. 143 0. 4286 57.14
4 9. 029 8. 697 8.332 7.903 7.283 7.477 6. 954 6. 324 0.5714 42.86
5 9.079 8.716 8. 760 8.179 7.903 8. 460 7.235 6. 845 0.7143 28.57

6 9.399 9.017 8.972 8.783 8.056 8.572 8. 143 7.632 0.8571 14. 29
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Tab. 4 The results of a— u, fit at different stress level

a= A+ Bu,=1gN

i S(MPa) A B r lgS
P,=50% P,=95% P,=99%
1 440 6.6215 0. 0495 0.9576 2.6435 6.6215 6.54 6.5064
2 425 6.7534 0. 0583 0.9548 2.6284 6. 7534 6.6575 6. 6187
3 410 6.8779 0.0613 0.9798 2.6128 6.8779 6.7771 6. 7353
4 390 7.2139 0.0715 0.9398 2.5911 7.2139 7.0963 7.0476
5 370 7.4132 0.0731 0.9365 2.5682 7.4132 7.293 7.2432
6 350 7.6191 0. 0862 0.9743 2.5440 7.6191 7.4773 7.4186
7 340 7.9346 0.0893 0. 9557 2.5315 7.9346 7.7877 7.7269
8 330 8. 2425 0.0941 0.9458 2.5185 8. 2425 8. 0877 8.0236
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Fig. 6 Logarithmic life distribution curve of TC4 Fig. 7 S— N curve in logarithmic relationship

alloy in axial ultra-high fatigue testing
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Tab.5 Results of parameter fitting of S— N curve in axial vibration ultra-high fatigue testing
lgS=a+blgN SYN=C
P, X100 r

a b M C

50 3.16203 —0.0794 —0.970 12.59 6.44>X10%

95 3.17852 —0. 0830 —0.9672 12.05 1.95X10%

99 3.18592 —0. 0846 —0.9659 11. 82 4.57X10%
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Tab. 6 Safe life of ultra-high fatigue specimenat different survival rate

As( MPa) N;(50%) N;(95%) N;(99%)
440 9.80X10° 3.62X10" 4. 02X 10"
425 6.15X10° 1.38X10° 1.49X10°
410 1. 68X 107 1.89X10° 1.01X10°
350 1. 60X 10° 3. 60X 107 3.70X 107
340 2.77X108 3. 90X 107 4,08 X107
330 2.70X10° 2.60X10° 2.80X10°
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Tab. 7 The relationship between crackinitiation life and safe life in different stress level of TC4 alloy

Ac(MPa) N[(SO%) N. w( %)
440 9.80X10° 1.19X10° 87.90
425 6.15X10° 1.27X10° 97.90
410 1. 68X 107 1.37X10° 99.19
350 1.60x 10" 1.88x10° 99. 88
340 2.77X10° 1.99x10° 99.93
330 2.70X10° 2.10X10° 99. 92
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vibration ultra-high fatigue testing
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Ultra-high Cycle Axial Vibration Fatigue
Experiment of Titanium Alloy TC4

CHEN Jiao', CHENG Li'**, JIAO Sheng-bo', LU Kai-ju'
(1. Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi'an 710038, China;

2. Advanced Aero Engine Collaborative Innovation Center, Beijing 100191, China)

Abstract: Ultra-high cycle fatigue experiment of TC4 titanium alloy at room temperature was carried
out by using 20kHz axial vibration fatigue system, which is developed based on piezoelectric ultrasonic
fatigue test technology. Axial vibration fatigue life curve (S— N curve) of TC4 titanium alloy was
obtained in a range of 107 to 10° cycles. The life of TC4 alloy material was predicted by using C. Paris
formula, and at different stress levels, the safe life, which means survival rate is 50%, 95% and 99 %
respectively, was obtained. Results indicate that when fatigue cycle is higher than 107, specimens still
present fatigue fracture mode, and fatigue strength decreases with the increase of cycle times, and
there is not obvious fatigue limit. S— N curve of TC4 alloy continuously declines in a range of 107 to
10? cycles. In ultra-high cycle axial vibration fatigue experiment, the crack growth life of specimen
only accounts for a small part of its fatigue life under 50% survival rate condition, the fatigue life of
specimen is determined by crack initiation life of specimen.

Keywords: TC4 titanium alloy; ultra-high cycle fatigue; axial vibration; S— N curve; life prediction



