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Effect of Stress Ratio on Subsurface Fatigue Crack Initiation Behavior
of Beta-Type Titanium Alloy

Kazuaki SHIOZAWA, Yasushi KURODA and Seiichi NISHINO

The effect of stress ratio (£ = 0mn/0max) on subsurface fatigue crack initiation behavior in high-
cycle fatigue of beta-type titanium alloy, Ti-15V-3Cr-3Sn-3Al, was investigated using smooth
specimen subjected to axial reversed loading in air at room temperature. Two types of micros-
tructure prepared using different aging time conditions included the partially precipitated alpha-
phase in beta-phase and the fully precipitated one. The first part of S-N curves at high stress
amplitude region tested under R=—1 and 0.05 looks similar to curves reported in the literature,
however after the curve flattens out there was a sharp drop in the fatigue strength at low stress
amplitude region, accompanying a transition of crack initiation site from surface to interior. The
number of cycles to the transition depended on R but did not depend on the microstructure. Fatigue
fracture of all specimens tested under R=0.5 and 0.7 showed the subsurface crack initiation. No
defect was observed at the subsurface crack nucleation sites, but the region of the nucleation site had
a grain morphology of facet pattern. Limit of fatigue fracture occurred by surface crack initiation
was controlled by the threshold of formation of slip in beta-phase due to cyclic hardening, and
described by the Gerber-relationship characterizing mean stress effect.

Key Words: Fatigue, Subsurface Crack Initiation, Stress Ratio, Microstructure, Beta-Type Tita-
nium Alloy, Ti-15V-3Cr-35n-3Al
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(a) STA4 partially precipitated, aging time 4 hours
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Table 1 Mechanical properties of Ti-15V-3Cr-3Sn-

3Al alloy

0.2% proof | Tensile Reduction | Vickers

Materials stress strength | Elongation | of area | hardness
Co2 Op 3 ¥ HV

(MPa) (MPa) (%) (%) (1000gf)
ST 750 775 28.0 66.3 259
STA4 1127 1235 11.2 23.6 340
STA24 1156 1261 12.0 23.1 376

(b) STA24 fully precipitated, aging time 24 hours

Fig.1 Microstructure of tested materials observed by optical and scanning electron microscope
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Fig.2 S-N curves obtained under the testing condi-
tions of various stress ratio in air at room tem-

perature
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Fig.3 Experimental relationship between number of

cycles at step, Ny and Ny, in S-N curve and
stress ratio, R
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Fig.4 The effect of mean stress, o, on stress amplitude
flattened out in S-N curve, Gac
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(a) Macroscopic view

2

(1) Highly-magnified view of a surface
crack initiation site

Fig.5 SEM observation of fracture surface showing

surface crack nucleation (tested under R=0.05,
Ga==403 MPa, N,=1.33x10* cycles)

Fig.6 Macroscopic observation of fracture surface
ruptured by subsurface crack initiation of the
STA24 specimen (R=-—1, 0.=475 MPa, N,=
3.79x107 cycles)
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(a) Higher-magnification of Fig. 6

(b) |

() STA4, R=0.05, 0,=347 MPa. N,=

(c) STA24, R=0.5, 6.=213 MPa, N,=4..79x 107 cycles

Fig.7 SEM observations of subsurface crack initiation
site
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Fig.8 Experimental relationship between distance
from specimen surface to subsurface crack initi-
ation site and applied stress amplitude
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Fig.9 Experimental relationship between strength
ratio and number of cycles to failure of speci-
mens having three kinds of microstructure
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Fig. 10 Experimental relationship between stress inten-

sity factor range calculated from a size of facet
at crack initiation site and number of cycles to
failure
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Fig. 11 Experimental results to discuss the life of
subsurface crack initiation
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Fig. 12 Radial distribution of Vickers hardness of
specimen after fatigue test
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