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Abstract

The structral materials for cryogenic technology have been recently developed to support
the many modern large-scale application from superconducting magnets for nuclear fusion
reactor, magnetic levitation railway to LNG tankers. However it is pointed out that
quenching phenomenon is one of the serious problems for the integrity of these
applications, which is mainly attributed to the rapid temperature rising in the material due
to some extrinsic factors of structures. From the viewpoint of fracture mechanics, it is
therefore very important to clarify the mechanism of temperature rising of structural
material due to cyclic loading at cryogenic temperature. From this purpose, fatigue test
was carried out for high manganese steel at liquid helium temperature(4.2K) using
triangular stress waveform to identify both the mechanism of temperature rising near
crack tip and the effect of loading stress waveforms on temperature rising. As the results,
two types of temperature rising, that is, regular and burst types were observed. And a
periodical temperature rising corresponding to the stress waveforms was also found. The
peaks of the temperature rising were recorded near both the maximum and the minimum
values of the applied stress. The sudden temperature rises, which indicated the higher
values than those of periodical temperature rises under the repetition of stress, were
observed at the final region of crack growth. It was shown that the paek values of the
temperature rising increased with stress intensity factor range.
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Table 1 Chemical composition(weight percent)

HT Agsioldl 25 Mo5 Crl Ni ex8ele ¢ igi| Ma| P | S |Ni|Cr|Nb| Al
1o A 37 geolME 1 Zx, 3 QAL
B A dell slofAl g, 3 Al4E 0.21/0.24| 24.43 | 0.024 | 0.010 |1.10/4.99/0.05| 0.004
e = vl o] 7] wl ol Falle AuldATE
Table 2 Mechanical properties
Temperature Yielding strength Tensile strength Elongation (%) Reduction of
P (MPa) (MPa) (G.L.=50 mm) Area (%)
R. T. 379 734 56.0 61.9
4K 1025 1548 26.0 23.0
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Fig. 1 Schematic diagram for fatigue test at 42K
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