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Abstract: TiAl alloys have excellent specific strength and high-temperature microstructure stability and are widely used in
the aerospace field. With the increasing demand for stable and reliable aircraft engine operation in social development, the
low-cycle fatigue performance and failure mechanism of TiAl alloys are receiving increasing attention. This study
summarizes the research on low-cycle fatigue of TiAl alloys over the past 30 years, including the influence mechanism of
strain range, temperature, alloy composition, microstructure type, layer orientation, and microdeformation on the low-cycle
fatigue behavior of TiAl alloys. The effects of the interaction between the test conditions and the TiAl alloy microstructure
on the fatigue failure behavior are emphasized.
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Fig.1 Crystal structure of the a, phase and <y phase in the TiAl alloy: (a) HCP a,-Ti;Al phase; (b) FCC y-TiAl phase®
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Fig.2 Four typical microstructures of TiAl based alloy: (a) near-gamma; (b) duplex; (¢) near lamellar; (d) fully lamellar®
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Fig.3 Variation in the mechanical properties of the TiAl alloy with respect to the angle ¢ between the layer orientation and loading
direction: (a) variation in the strength with respect to the angle ¢; (b) variation in the plasticity with respect to the angle ¢
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Fig.4 Microstructure near the low-cycle fatigue fracture of the fully lamellar TiAl alloy: (a) Ae=+0.25%; (b) Ae=+0.28%;
(c) Ae=+0.30%""
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Fig.5 Statistical analysis of the plastic strain amplitude, corresponding failure cycles, and fatigue fracture morphology: (a) Ae=+1.0%;
(b) Ae=20.7%; (c) Ae=+0.5%>
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Fig.6 Cyclic loading curves controlled by strain at 25, 550, and 850 C, respectively, when the stress ratio R,=—1 and the strain

A&/2=0.7%: (a) the stress-strain hysteresis loop at N=300 cycles; (b) the stress level cycle curve at failurel
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Fig.7 Stress level-cycle number curves of the Ti-48 A1-2Cr-2Nb alloy: (a) 0 'C; (b) 750 C*!
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Fig.8 Stress level-cycle number curves under conditions of
strain amplitude Ae/2=0.6% at 550, 650 and 750 C
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carbon addition™
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Fig.11 Changes in gamma phase morphology with carbon addition (Ae=+0.7%, 5 min tensile hold, N=N,,): (a) 0 at.% C. Coarse -y
phase is formed at the grain boundary; (b) 0.3 at.% C. vy phase lamella is refined"?
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Fig.12 Total strain-failure cycle number curve (DP: duplex;
PS-DP: pseudo duplex; NL: near lamellar)™
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Fig.13 Statistics of the stress-strain situation detected by low cycle fatigue synchronous high-energy XRD: (a) normalized peak
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Fig.14 Secondary crack on the fracture surface of the TiAl alloy
with a total strain amplitude of Ag/2=+0.28%
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strain amplitude Ag, and cumulative plastic strain
E, (T: twinning; ODG: ordinary dislocation slip; VLS: vein-like
structure)®!
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Fig.16 Low-cycle fatigue deformation substructure of the T1Al alloy: (a) deformation twinning; (b) vein-like structure
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Fig.17 Variations in the stress amplitude and average stress with increasing number of cycles in thermal mechanical fatigue testing:
(a) in-phase; (b) out-of-phase®
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