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Synopsis :

S-N curves of Ti-5Al-2.5Sn ELI alloy were determined at liquid helium temperature (4 K) for both
the base and the welded materials.

The base material had longer fatigue life at 4 K than at 77 K. Welding deteriorated the fatigue pro-
perty at 4 K. Internal crack initiation was seen at the lower cyclic stress for both the base and the welded
material. For the base material, the internal initiation occurred only at 4 K and there were no defects

a near the initiation sites. On the other hand, fatigue cracks generally initiated at blow holes for the weld-
ment. Internal crack initiation is considered one of the causes to scatter or shorten the fatigue life.
g High frequency brought about large temperature increase inside the specimen and it made the testing
u temperature uncertain in fatigue tests at cryogenic temperature.
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Table 1. Chemical compositions of base material and weldment in weight percent.

C Fe N (6] H Al Sn Ti
Base 0.012 0.19 0. 0024 0.057 0. 0058 5.15 2.66 bal.
Weldment 0. 008 0.21 — 0. 102 0. 0040 5/13 2.64 bal.
Table 2. Tensile properties of Ti-5A1-2.5Sn ELI
. o~
alloys at cryogenic temperatures. Y

Base material Weldment
Testing temperature (K) 293 77 4 4
Yield strength (MPa) 705 1209 1405 1 368
Tensile strength (MPa) 772 1277 1483 1459
Fracture strain (%) 14.6 15.3 9.9 6.7
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Fig. 1. Configrations of fatigue specimens:
a) hourglass type smooth specimen, b) not-
ched specimen (&;=5.7), and c¢) specimen
for temperature measurement.
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Fig. 2. Temperature increase inside specimen as
a function of frequency at various cyclic stress
level.
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Photo. 1. Optical micrographs of base material (a) and weldment(b). Characteristic
X-ray image of Fe (d) for base material and secondary electron image of the same

field of view (c).
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Fig. 3. S-N curves at cryogenic temperatures
for Ti-5Al-2.5Sn ELI alloy.

Table 3. Testing conditions, numbers to failure

and crack initiation sites.

Testing

Maximum Numbers to Crack
lemper g ress Frza[(_;luency failure initiation
a(‘l‘;‘)e (MPa) g (Cycles) site
Base
material
1) Smooth 77 833 4 146 140 surface
77 931 4 109 004 surface
77 980 1 74024 surface
77 1078 4 38153 surface
77 1127 1 13910 surface
77 1225 1 17 905 surface
77 1225 1 10 890 surface
4 882 4 529 820 internal
4 980 4 558 060 internal
4 980 4 232 380 internal
4 1078 4 852 630 internal
4 1176 10 33922 internal
4 1274 4 146 840 internal
4 1372 4 14098 surface
4 1421 4 14 437 surface
2) Notched 4 294 4 1 981 070 surface
4 323 4 1723780 surface
4 353 4 518 160 surface
4 392 4 36 990 surface
4 421 4 57 790 surface
4 451 4 22520 surface
Weldment 4 686 4 2530 850 blow hole
4 784 4 1250 240 internal
4 882 4 359 427 blow hole
4 980 4 20 430 blow hole
4 1078 4 12 652 blow hole
4 1176 4 37010 surface
near
4 1274 4 9302 surface
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Photo. 2. Scanning electron micrographs of fatigue crack initiation sites at various cyclic
stress level for the base material ruptured at 4K: a, d) 882MPa, b, €) 1078MPa, and

c, f) 1372MPa.
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Fig. 4. S-N curves at 4K for weldment. The
S-N curve of base material is also given for
reference.
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Photo. 3. Scanning electron mi-
crographs of striation zone (a)
and final fracture zone (b) for
the base material ruptured at
4K (maximum stress=1274MPa).

Photo. 4. Scanning electron micrographs of fatigue crack initiation sites for weldment
ruputured at 4K: a, d) 686MPa, b, e) 882MPa, and c,f) 1274MPa.
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Fig. 5. Variation of distance from surface to
crack initiation site by maximum stress for
base material ruptured at 4K.
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