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Fatique Properties of Metastable Austenitic Steels

(Part 2. Fatigue testing machine and an experimental

study on temperature dependence of fatique strength)

KikuJiRO TANABE, YO TOMOTA,

KriyoMr SAGA, and KOSHIRO KUROKI

Abstract: —In order to clarify the martensitic transformation during cyclic loading and the effect of this

phenomenon to fatigue properties in metastable austenitic steels, fatigue tests at various temperatures are necessary.

Then, we have made a newly developed tension-compression type fatigue testing machine, by which tests in the liquid

at elevated or cryogenic temperatures could be easily performed. This machine was proved sufficient for our object.

In this paper, details of the testing machine and experimental data with an Fe-Ni-C alloy having high stacking

fault energy are presented. The temperature dependence of the fatigue strength is generalized using a relative tem-

perature (=(T-Ms)/(Md-Ms)) where T, Ms, and Md refer to test temp., starting temp. of ktransformation, and upper

critical temp. of stress-induced transformation, respectively.
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Fig. 1 Diagram of fatigue testing machine: Main
parts are (3) dewar, (4) test specimen, (5)
rotating eccentric masses, @) counter, @

motor and coil spring.

(1979)

Fig. 2

General view of fatigue testing machine.
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Fig. 4  Calibration diagram of static load.
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Fig.s  Comparison between S-N curve of 18-8

stainless steel by our machine and that by
commercial machine (Shimadzu).
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Table 1 Chemical compositions of specimens.

(wt?%) (wt °f)

Alloy C|Si {Mn}| P S | Ni | Cr|Fe
Fe-27Ni-05C| 058 | 0.12 | 019 |0010]0007]26.89| — | bal
Fe-18Cr-8Nil 007 | 0.73 | 1.78 |0007|0007| 897 184 | bal
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Fig. 6  Test specimens: (a), (b) fatigue test spec-

imens, and (c) tensile test specimen.
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Optical micrographs of martensite: (a) cooled to 238 K (no load),
(b) cooled to 228 K, (c) cooled to 77 K, and (d) by alternating
load of 265 MN/m?2 at 263 K.
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Fig. 8 Volume fraction of martensite formed by

subzerocooling to various temperatures:
X-ray measurement.
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Fig. 9 Effect of test temperature on tensile

properties.
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Fig. 10 Effect of test temperature on S-N curve.
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Fig. 12 General trend of temperature dependence
of fatigue strength at 106 cycles.
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Fig. 13 S-N curve of specimens subzero-cooled to
232 K. Test temp. RT.
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Fig. 14 Effect of applied load (within elastic
limit) on transformation strain.
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