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Abstract: As novel lightweight high-temperature structural materials, titanium aluminide alloys exhibit excellent
high-temperature strength, oxidation resistance, and creep resistance. It is considered the preferred material to replace
nickel-based superalloys. As an elevated-temperature structural component, it is subjected to both elevated temperatures and
cyclic loads during service, necessitating research into its fatigue behavior at elevated temperatures. Ultrasonic fatigue
testing, an efficient means of fatigue testing, can greatly reduce the time cost of detailed analysis of alloy fatigue failure
mechanisms. Accordingly, by combining ultrasonic fatigue testing equipment and a medium high-frequency induction
heating device, the cyclic deformation behavior of the Ti-48A1-2Cr-2Nb alloy at 650 ‘C was investigated. The results show
that there is no fatigue limit for Ti-48Al-2Cr-2Nb at 650 C. The fracture mode is a mixture of quasicleavage fracture and
intergranular fracture, where cracks initiate near the cleaved vy grains and propagate along grain boundaries. Near the
lamellar groups, the fracture mode is a mixture of trans- and interlamellar fractures. As the amplitude of the cyclic stress
decreases, the failure mode transitions from fracture caused by long crack linkages following short crack propagation to
fracture resulting from the interconnection of short cracks forming long cracks, leading to a reduction in fatigue life
dispersion and a decrease in fracture surface roughness.
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Fig.2 Elevated-temperature tensile and fatigue tests: (a) geometric dimensions of the elevated-temperature tensile samples;
(b) geometric dimensions of the high-temperature, very high cycle fatigue samples; (c) multifunctional ultrasonic fatigue machine and

induction heating device
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Fig.3 Results of the elevated-tensile tests: (a) true stress-strain curve; (b) fracture morphology
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Tab.1 Fatigue test results for the 4822 alloy at 650 °C - 6001 -
No. Stress amplitude/MPa Fatigue life/Cycles Fracture :.E: N
1 601.12 4.0x10° Yes < 500} .
2 601.12 2.0x10* Yes ]
=]
3 550.70 1.0x10* Yes <
» 400} "=
4 550.70 5.0x10* Yes e -
5 500.23 1.0x10° Yes “ L
" 300 . . . ! . e
6 500.23 3.6x10 Yes 10° 10" 10° 10° 107 10° 10° 10"
7 500.23 2.7x10* Yes Number of cycles to failure ¥,
8 400.78 1.0x10° Yes 4 4822 650 °C S-N
9 400.78 5.0x10° Yes Fig.4 Fatigue S-N curves of the 4822 alloy at 650 C
10 400.78 3.0x10° Yes
11 371.09 1.0x10 Yes °
12 371.09 4.0x10° Yes ’ ’
13 371.09 7.0x10° Yes ’
14 356.25 6.7x107 Yes
15 356.25 1.0x10* Yes .
8
16 356.25 1.5%10 Yes 2.3
17 341.40 6.0x10° Yes 5
18 341.40 9.0x10° Yes ’
19 341.40 4.0x10° Yes 4822
20 326.56 1.0x10° No °
21 311.71 1.0x10° No ) ( ) ,
v ( )o 5a
N ’ b
’ o
5 650 C .(a, b) 601.12 MPa ;(c, d) 341.40 MPa

Fig.5 Fatigue fracture morphology at 650 C: (a, b) overall fracture morphology and localized enlarged view at 601.12 MPa;
(c, d) overall fracture morphology and localized enlarged view at 341.40 MPa
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