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It is well known that creep at room temperature remarkably occurs in alpha—Ti alloys. Cyclic creep also appears. Moreover,
Ti alloys have different crystal structures and various mechanical properties. Although the cyclic creep behavior and the cyclic
softening behavior have been studied, integrated effect of them on fatigue life has not been clarified yet. In this study, fatigue be-
havior under stress ratio R=0, on Ti alloys of three crystal structures, is investigated. Influence of the cyclic creep and fatigue
damage, and influence of the crystal structure to fatigue life are examined. As the results, it is found that as to the alpha—Ti, creep
is the dominant damage factor. On the other hand, as to the beta-Ti alloy, fatigue is the dominant damage factor. As to the
alpha + beta—Ti alloy, both creep and fatigue are the dominant damage factors (intermediate type). Furthermore, it is found that
the area ratio and grain diameter of alpha phase, the spacing between different phases, should influence on cyclic creep strain

rate. [doi:10.2320/jinstmet.J2013014 ]
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Table 1 Chemical composition of pure Ti.
(mass%)
(6] Fe N H Ti
0.09 0.05 0.006 0.0039 Bal.
Table 2 Chemical composition of Ti-6Al-4V alloy (ELI).
(mass%)
Al v Fe (6] N C H Y Ti
6.03 4.00 0.16 0.11 0.01 0.01 0.001 0 Bal.

Table 3 Chemical composition of Ti-15V-3Cr-3Al-3Sn alloy.

(mass%)
A% Al Cr Sn Fe (0} N H C Ti
1539 328 311 3.06 0.22 0.1 0.08 0.017 0.015 Bal
(2)
20R Mi14 P1.5
A;, ......... e
5.5
90 Unit : mm ®14
S iR Ml14 PL5
(13 [ ——"" @
6.4
80 Unit : mm @14

Fig. 1 Dimension of test specimen; (a) pure Ti, (b) Ti-6-4
alloy and Ti-15-3 alloy.
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Table 4 Mechanical properties of each metals and alloys.

0.2% proof stress, U.T.S,, Elongation
G92/MPa Omax/MPa (%)
Pure Ti 241 367 67.7
Ti-6-4 alloy/FC 781 808 40
Ti-6-4 alloy/WQ 898 940 42
Ti-15-3 alloy 756 757 44.8
N
Cyclic creep strain rate
] / / Mean stress
1
Ji
N 3
Plastic strain amplitude

Fig. 2 Definition of cyclic creep strain rate, plastic strain
amplitude and mean stress in successive hysteresis loops.
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Fig. 3 Images of microstructure by optical microscope and SEM; (a) pure Ti (OM), (b) Ti-15-3 alloy (OM), (c) Ti-6—4 alloy/WQ

(SEM), (d) Ti-6-4 alloy/FC (SEM).
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Fig. 4 Relationship between cyclic creep strain rate and plastic strain amplitude for the changing cyclic number (S-H curve); (a)
pure Ti (alpha type), (b) Ti-6—4 alloy (FC) (alpha+ beta type), (c) Ti—6—4 alloy (WQ) (alpha + beta type), (d) Ti-15-3 alloy (beta
type).
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Fig. 5 Relationship between each parameter at steady state
and fatigue life; (a) lowest cyclic creep strain rate vs fatigue
life, (b) plastic strain amplitude at lowest cyclic creep strain
rate vs Fatigue life.
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equiaxed alpha grain size.
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