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1 - INTRODUCTION

The austenitic stainless steels, specifically 316

type, have been selected as structural materials for sodium

cooled fast breeder reactors.

A large amount of low cycle fatigue tests were

performed in air between room temperature and 6OO*C. But up

to now little data is available for the effect of the

sodium environment on the fatigue behavior of this steel. In

order to get some results concerning this point, a conven-

tional machine, was inserted in a sodium loop.

The present paper describes briefly the realised

installation and gives some results obtained at *»50°C and

600*C on 316 L test specimen.

2 - EXPERIMENTAL PROCEDURE

The tests are conducted with a push-pull testing

machine operating at a frequency of 3 cycles/minute.

The total strain is imposed!, stress and plastic

strain range are measured. The cycBe has a sinusoidal waveform

with zero mean strain.

The applied load is measured by means of a resistive

type extensometer located on the upper portion of the

fixture.

The value of elongation is measured by two inductive

heads disposed symmetrically to thi- test specimen.

The test specimen is cylindrical (fig.i).

The effective useful length was determined by

strain gauges in order to take in account the deformation

induced in the transition region of the specimen.

The specimen is inserted in the testing machine

by two grips screwed.

In order to get a sodium environment around the

test specimen, we have realised the following adaptation :

the test zone (fig.2) of the specimen is located inside a

chamber made of a metallic bellow which allows the longitu-

dinal motion. This test chamber is welded on the test

specimen and connected with two pipes to the sodium loop.

The sodium flow assumes *he heating of the test

zone.

The sodium loop (fig. 3) jnrovides a well definite

sodium environment; the sodium is continuously circulated

during the test to maintain the desired sodium purity with

a cold trap. (Cold trap temperature : 110°C).

As can be seen on the picture (fig.k) the testing

machine is disposed on the sodium line between the heater

and the air-cooler outside the protection of the loop.

This separation between Hie loop and the testing

machine presents the advantage of maintaining a low tempe-

rature level in the neighbourhood of the stress and strain

measuring heads.
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During a test, the following paremeters are regis-

- temperature,

- variation of stress with time,

- variation of stress with strain (fatigue cycle).

3 - FIRST RESULTS

The first tests were conflicted at '(50°C and 600°C.
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The relationship between plastic strain range and

the fatigue life (number of cycles to failure) of type 316 I,

stainless steel is given in figures (5) and (6).

The curves in the two figures represent comparative

data obtained in air and in sodium.

For exemple at 600°C, the ratio of fatigue life in

sodium to that in air increases by factors of 2 to 6 as the

half plastic strain range decreases from 2$ to 0,7$ which

indicates the environmental effect is more pronounced at

longer lifetimes. At ̂ 50'C this effect is better and for an

half plastic strain range of 0,7$ * n e ratio of the fatigue

life in sodium to that in air reaches a value approaching

10.

At high cyclic strains the fatigue in sodium seems

to be the same as in air.

The sodium environment is beneficial to the

low-cycle fatigue, probably as a consequence of the low

oxygen level which limits the superficial oxidization.

CONCLUSIONS

1) The adapted disposition of the test specimen on

the sodium loop presents two main advantages s

- the measuring heads of the testing machine are

maintained at a low temperature level,

- the purity of the flowing sodium is well determined

2) In comparison with air, the sodium environment

Increases the fatigue life of the type 316 L stainless-steel

at elevated temperatures, and especially for plastic strain

range less than 1$, which is encountered with thermal defor-

mations due to gradient-temperature, heat flow.
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OMNIBUS SOFA

Eprouvette de fatigue et son adaptation sur la veine d'essai.
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OMNIBUS SOFA

Adaptation de la machine de fatigue sur le circuit Na.
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