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Fatigue life analysis of TC4 titanium alloy under ultrasonic loading
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Abstract: The position of maximum stress in the ultrasonic fatigue test of dumb-bell shaped TC4 titanium alloy specimen is deter-
mined by theoretical calculation and the finite element simulation. In the 20 kHz ultrasonic fatigue test, the fracture position of the
specimen shows that the internal defect of TC4 material is the main reason of the crack initiation to make the fracture position devi-
ated from the maximum stress position. The fatigue life of TC4 is analyzed by finite element simulation and experimental data. By
calculating the stress intensity factor at crack tip and the fatigue crack growth rate da/dN, the safety life Ny is derived from the
C.Paris model. The Bathias formula is used to calculate the crack propagation life of the dumb-bell shaped specimen, and the fatigue

life of the specimen is determined by the crack initiation life.
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Table 1 The chemical composition of specimen(%)

Ti Al A% Fe Si C H (6]
RE 5568 3.5~45 03 0.15 0.1 0015 02

R2 MREBHFMEE

Table 2 The mechanical properties of specimen

E/GPa o, /MPa o, /MPa p/(g~cm'3) A%
495 1 009 891 4 440 10
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Fig.1 The dumb-bell shaped specimen
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Table 3 The geometric dimensions of the specimen (unit: mm)
L L, L, L R, R, R
3 12 20 70 2.5 7.9 16.9
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Fig.2 The nephogram of specimen vibration displacement
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Fig.3 Specimen deformation and equivalent stress
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Fig.4 The nephogram of specimen fatigue life
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Fig.5 Ultrasonic fatigue testing system
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Fig.6 The photograph of fractured specimen
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Fig.7 Specimen fracture position-1
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Fig.8 Specimen fracture position-2
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Fig.9 Detail diagram at specimen fracture position-2
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Table 4 The ultrahigh cycle fatigue test result for TC4 specimen

EIked RiJj/MPa  fEHJEIR XSG lgN
1 330 2.30%107 7.361
2 330 3.00x107 7.477
3 330 1.07x10° 8.120
4 330 1.20x10° 9.029
5 330 1.10x10° 9.079
6 330 1.80x10° 9.255
i HAH 330 1.70x10° 9.230
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Table 5 Comparison of the fatigue life test results for TC4 specimen
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