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Study on Damage Mechanisms and Fracture Behavior During Low
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Abstract: The microstructure characteristics and fracture mechanisms of Ti-6Al-4V-0.55Fe (TC4F) alloy with bimodal
structure under low cycle fatigue and dwell fatigue at room temperature were investigated in this paper. The stress-strain
behavior of the alloy was analysed for low cycle fatigue with a total strain amplitude of Ae/2=1.20% and dwell time of
0.05, 10, 20 and 30 s, and the microstructure evolution of the alloy after fatigue deformation was also investigated. The
results show that the difference in the crystallographic orientation of adjacent grains has an important effect on fatigue
crack initiation in the TC4F alloy. On the one hand, whether at the a/a phase boundary or the o/ phase boundary,
the greater the difference in grain orientation, the more likely it is that cracks will initiate; on the other hand, twinning
within the o phase leads to a greater difference in orientation between the adjacent grains of the twinning boundary,
which can lead to the formation of cracks within the « phase. As the fatigue dwell time increases, it leads to the
activation of more prismatic slip systems in the « phase and the dislocation slip causes stress concentration at the
phase boundary, which in turn leads to a reduction in fatigue life. Finally, the fatigue crack propagation mode is
discussed for different dwell time.
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Fig.1 Schematic drawing of the loading waveforms: (a) pure fatigue loading waveform, (b) dwell fatigue loading waveform
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Fig.2 Cyclic stress-number curve of the TC4F alloy
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Tab.1 Summary of the fatigue data for TC4F with a total
strain amplitude of A&/2=1.20%
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Fig.3 Microstructure in TEM with different dwell time: (a) dislocations piled-up at o/f3 phase boundaries during pure fatigue,
(b) twinning generated in the o phase at a dwell time of 10 s, (c) deflection of the B phase at a dwell time of 20 s, (d) dislocation
entanglement with a dwell time of 30 s
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Tab.2 Proportion of twins for four dwell time with a total
strain amplitude of 1.20%

A5 5 L/ %
At/s = - —
86°<1120> 56°<1120> 38°<1120>
0.05 6.76 0.22 0.13
10 8.54 1.91 0.12
20 15.0 0.28 0.04
30 10.4 0.41 0.07

P 4 A TR]OR 2 0 TR] 0 BT DB 32 (a)269% 557 , A0 24 T 0 2% 0.05 s, (b) %k 10's,(c) %k 20 s,(d) %k 30 s
Fig.4 Fracture morphology at different dwell time: (a) pure fatigue (dwell time of 0.05 s), (b) dwell time of 10 s, (¢) dwell time of 20 s,
(d) dwell time of 30 s
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Fig.5 Distribution of twins for four dwell time with a total strain amplitude of 1.2%: (a) pure fatigue (dwell time of 0.05 s),
(b) dwell time of 10 s, (¢) dwell time of 20 s, (d) dwell time of 30 s
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Fig.6 Grain orientation and low angle grain boundary distribution for four dwell time with a total strain amplitude of 1.20%, graphing
the c-axis orientation of a hexagonal close-packed and the Schmidt factor for prismatic slip: (a) IPF graph of pure fatigue,

(b) distribution of low and high angle grain boundaries of pure fatigue, (c) IPF graph with a dwell time of 10 s, (d) distribution of low
and high angle grain boundaries with a dwell time of 10 s, (e) IPF graph with a dwell time of 20 s, (f) distribution of low and high angle
grain boundaries with a dwell time of 20 s, (g) IPF graph with a dwell time of 30 s, (h) distribution of low and high angle grain
boundaries with a dwell time of 30 s
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Fig.7 Schmidt factors for basal slip and prismatic slip for different dwell time: (a, ¢, e, g) Schmidt factors under prismatic slip,
(b, d, £, h) Schmidt factors under basal slip
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Fig.8 Fatigue crack propagation at different dwell time: (a) dwell time of 0.05 s, (b) dwell time of 10 s, (c¢) dwell time of 20 s,
(d) dwell time of 30 s
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