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Abstract: Investigating notch mechanics behavior of TiAl alloys is a fundamental approach for ensur-
ing safe and low-risk operation of TiAl alloy low-pressure blades. In this study, notch specimens with
different stress concentration factors were prepared and subjected to tensile and fatigue tests at two dif-
ferent temperatures to investigate the notch sensitivity of Ti-46Al1-5Nb-0.1C alloy under high-temperat-
ure tensile and fatigue conditions. The results from investigation of high-temperature tensile perform-
ance notch sensitivity indicate that, under the same temperature conditions, average tensile strength of
Ti-46Al1-5Nb-0.1C alloy firstly increases and then decreases with the increase of the stress concentra-
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tion factor Kz. Under the same stress concentration factor K¢, average tensile strength slightly decreases
with the increase of temperature, but the change is not significant. The results from investigation of high-
temperature fatigue performance notch sensitivity indicate that fatigue strength of Ti-46A1-5Nb-0.1C al-
loy decreases with increasing stress concentration factor Kz. The fatigue strength of Ti-46Al-5Nb-0.1C
alloy at 700 °C is higher than that at 550 °C, indicating that the alloy exhibits good high-temperature fa-
tigue performance. Scanning electron microscopy (SEM) was used to observe the fracture surface mor-
phology and crack propagation and widening of the Ti-46A1-5Nb-0.1C alloy under tensile and fatigue
loading. It was found that high stress concentration increased the surface roughness of the fracture sur-
face but did not alter the crack propagation path. Transmission electron microscopy was used to ob-
serve the dislocation distribution in the tensile and fatigue deformation microstructures of the Ti-46Al-
5Nb-0.1C alloy. The results indicated that dislocations glide were the primary deformation mechanism,
with a small amount of deformation twinning observed in the deformation microstructure.

Key words: TiAl alloys; tensile notch sensitivity; fatigue notch sensitivity; fracture; cracks
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Table1 Chemical composition of the Ti-46Al-SNb-0.1C
alloy used in this study %

Ti Al Nb C N (6] H

57.6483 2695 1233  0.022 0.004 0.044 0.0017
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Fig. 1 Test rod of the Ti-46A1-5Nb-0.1C alloy
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Fig. 2 Dimensions and morphology of tensile stress concen-
tration specimens for the Ti-46A1-SNb-0.1C alloy
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Fig.3 Dimensions and morphology of high-cycle fatigue specimens for the Ti-46A1-5Nb-0.1C alloy
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Fig. 4 Initial microstructure of the Ti-46Al-5Nb-0.1C alloy
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Fig. 5 XRD (X-ray diffraction) results of the Ti-46A1-SNb-
0.1C alloy
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Table 2 High-temperature tensile test results for the Ti-
46A1-5Nb-0.1C alloy

T/°C Kt R./MPa Average/MPa NSR
1 467
474 1
1 481
2 588
550 572.25 1.21
2 556.5
3 546
514.5 1.09
3 483
1 469
463.5 1
1 458
2 465.5
750 . 1.1
5 602 533.75 5
3 >18 446.25 0.96
3 374.5
. = 550 C
600 . * 750 C
550 + " .
° .
E 500 -- .
£ [ .
= 45010
400 +
350 v . .
1 2 3
Kt
B 6 Ti-46A1-5Nb-0.1C S & FRMAEEMEEMER
N AERREMTL

Fig. 6 Variation of high-temperature tensile strength of
the Ti-46A1-5Nb-0.1C alloy with temperature and
theoretical stress concentration factor
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(a) 550 °C, Kt=1; (b) 550 C, Kt=2; (c) 550 C, Kt=3; (d) 750 °C, Kt=1; (e) 750 °C, Kt=2; (f)750 °C, Kt=3
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Fig. 7 High-temperature tensile fracture surfaces of Ti-46Al-5Nb-0.1C alloy at different temperatures and stress concentra-

tion coefficients
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Fig. 8 Composition of tensile fracture surface of the Ti-46A1-5Nb-0.1C alloy
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Fig. 9 Fracture characteristics of notch of the Ti-46A1-5Nb-0.1C alloy after tensile test at 550 °C
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Fig. 11 TEM characterization results of tensile fracture in
high-stress-concentration region of the Ti-46Al-
5Nb-0.1C alloy
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Fig. 10 Modes of crack propagation in the Ti-46A1-SNb-0.1C alloy
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Table 3 Fatigue stress concentration test results for the Ti-
46A1-5Nb-0.1C alloy at 550 °C

Kr=1 K=2 Kr=3
Fatigue life/ "X | Fatigue life/ T || Fatigue life T
Cyele stress/ Cyele stress/ Cuele stress/
¥ MPa Y MPa ¥ MPa
20 180 280 6 580 220 43 059 180
1.509 87x10° 260 7 638 240 71551 120
1.922 12x10° 280 127 984 220 73 089 140
4.067 89x10° 240 | 1.24143%x10° 200 82 829 160
1x10’ 220 |(1.22294x10" 160 || 1.364 82x10° 100
1x10’ 176 |2.494 18x10" 85
3x10’ 130

R4 Ti-46A1-5Nb-0.1C & 700 C FEF M AERUXLER
Table 4 Fatigue stress concentration test results for the Ti-
46A1-5Nb-0.1C alloy at 700 °C

Kt=1 K=2 Kt=3
Fatigue life/ Peak Fatigue life/ Peak Fatigue life/ Peak
Cycle stress/ Cycle stress/ Cycle stress/
MPa MPa MPa
3105 320 4772 210 5442 100
3818 340 5992 240 8729 180
4772 210 14 639 220 28593 130
6.721 86x10° 300 15 586 260 | 1.63893x10° 130
1.195 57x10" 280 3%10 200 || 1.170 79x10" 140
1x10 220 2.074 97107 120
3x10’ 90
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Fig. 12 Fatigue S-N curves of the Ti-46Al-SNb-0.1C alloy varying with temperature and theoretical stress concentration factor
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