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Effect of Cold Work on Fatigue Behaviour in Beta Ti-22V-4Al Alloy
by

Keiro Toxan ¥, Kohji Onva ™, Kiyoji Mort ***, Shinzaburo Takarun **** and Yozo Karo *****

In order to investigate the effect of cold work on the fatigue behaviour of beta Ti-22V-4Al alloy, rotary bending
fatigue tests have been performed using smooth specimens aged after cold work of two different reductions (CWA).
The fatigue behaviour of the CWA specimens was evaluated and compared with that of solution treated and aged
specimens (STA). It was found that the CWA specimens showed two different crack initiation modes, surface and
subsurface crack initiation, depending on stress level, as similarly seen in the STA specimens. In the surface fracture
regime, the fatigue strength of the CWA specimens increased remarkably compared with that of the STA specimens
and the CWA specimen of higher reduction exhibited higher fatigue strength than the counterpart. Since the crack
initiation process had a considerably large fraction of fatigue life, the increase in fatigue strength due to cold work
was attributed to increased crack initiation resistance. In the subsurface fracture regime, fatigue strength was almost
similar regardless of cold work. A smooth facet was seen at the subsurface crack initiation site. The sizes of the facets
were one to two times as large as the average grain size of each CWA specimen and the subsurface crack origin
became deeper as stress level decreased. Furthermore, fatigue life tended to increase with decreasing maximum
stress intensity factor for facet.
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Fig. 1. Microstructures before aging. In the micrographs for longitudinal section, the specimen axis is the
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Fig. 2. Microstructures after aging. In the micrographs for longitudinal section, the specimen axis is the

vertical direction.

Fig. 3. SEM micrographs showing microstructure . (a) STA750, (b) CWA36, (c) CWA64.
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Table I . Mechanical properties.

Tensile Reduction Grain
strength [Elongation of area | Vickers | size
Material 7B & g hardness| d
code (MPa) (%) (%) HV | (um)
As-received| 669 18 65 239 31
CW36 934 8 57 286 23
CW64 1011 7 54 286 19
STA750 1279 1 13 380 31
CWA36 1372 5 23 384 23
CWA64 1308 7 45 385 19
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Fig. 4. Effect of cold work on mechanical properties.
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Fig. 11. Relationship between crack growth rate and
maximum stress intensity factor for small cracks.
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(b) high-magnification.
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Fig. 15. Relationship between facet size and distance
from surface to facet.

800
= Beta Ti-22V—4Al alloy
e o CWA36
p= a O CWA64
~ 700 o A STA750
b L
[}
el
£ o o
o

600+ O o
g 7y o °
w
] m
=]
n

500 i " " "

0 100 200

Distance from surface to facet dg,., (pm)
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