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Microstructure Dependence of Small Fatigue Crack Growth in Beta Ti-15Mo-5Zr-3Al Alloy

Keivo Toxkan, Hirvohisa Suiora and Masaharu Ounisui

Synopsis : Growth behaviour of small fatigue cracks has been investigated on three materials with different microstructures of a
beta Ti-15Mo-5Zr-3Al alloy which were solution treated at 735°C, 850°C and 1000°C, followed by aged at 500°C
(STA735, STA850 and STA1000) at a stress ratio of —1 under axial loading in laboratory air. The da./dN-Knax
relationships for STA735 and STA850 were almost the same as the da./"dN-AK relationships for large cracks, while
STA1000 showed initially lower growth rates than large cracks, and then the growth rates rapidly increased and became
faster at an intermediate Knax regime than those of large cracks. After allowing crack closure, STA850 and STA1000
still exhibited enhanced growth rates, which was found to be attributed to the crystallographic nature of small crack
growth based on a close examination of the fracture surfaces. The trace of the crack front remained on the fracture
surfaces of STA850 and STA1000 represented the transition from the microstructurally small crack to the mechanically
small crack, which has occurred at a”'d =2.6~3.9 for STA850 and ./ d=1.6~2.1 for STA1000, where @ and d were
the crack depth and the beta grain size, respectively. Of three materials, STA1000 showed the lowest growth resistance
of small cracks at intermediate Kyax and AK, regimes. Furthermore, it was found that all the materials of the beta
alloy exhibited lower growth rates at low Kmax regime than an annealed Ti-6Al1-4V alloy, but the difference disappeared
in terms of AKX, indicating that crack closure was responsible for the difference in growth behaviour between both

alloys.

Key words : small fatigue crack ; crack growth ; beta titanium alloy ; solution treatment temperature ; microstructure ; bata grain size ;

crack closure.
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Table 1. Mechanical properties.

0.2% Tensile FElonga- Reduction Beta grain Fracture

Material proof strength  tion of area size toughness
code stress
o2 op ] Y d Kic
MPa  MPa % % pm MPa,/m
STA735 1237 1248 5.6 35.3 - 30.0
STA850 1189 1208 0.5 0.5 77 42.7
STA1000 1184 1188 0.2 0.4 194 479
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Fig. 2. Crack opening stress intensity factor for
small cracks as a function of surface crack
length.
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Fig. 1. Relationships between crack growth rate

and maximum stress intensity for small
cracks ; (a) STA735, (b) STAS850, and (c)
STA1000. For comparison, the relationships
between crack growth rate and applied and
effective stress intensity factor ranges for
large cracks are also included in each figure.
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SEM micrographs of fracture
surfaces for STA1000 ; (a)
overall fracture surface of
small cracks (o=450MPa)
and (b) fracture surface
appearance of large cracks.
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the microstructurally small
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crack to the mechanically
small crack.
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Fig. 5. Effect of microstructure on small crack growth ; (a) relationship between crack growth rate and
maximum stress intensity factor, and (b) relationship between crack growth rate and effective stress
intensity factor range. The results of annealed Ti-6A1-4V alloy are also included in each figure.
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