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Low Cycle Fatigue Behaviour of Austenitic Stainless Steel

at Cyrogenic Temperature

Toshinori NAKAMURA, Masatake TOMINAGA, Hirokazu MURASE, and Yukio NISHIYAMA

Synopsis:

Low-cycle fatigue behaviour of 304 stainless steel has been studied at 20°C and —196°C. The results

obtained are summarized as follows:

(1) The low-cycle fatigue life depends on the mechanical properties which change according to the
amount of a'-martensite induced by increasing number of fatigue cycles.
(2) The low—cycle fatigue life curves (de,/2 —Ng) obtained agree fairly with the curves calcu-

lated by Manson’s equation.

(3) The fatigue cracks initiates at about 209 of the fatigue life at 20°C, while it initiates at a.bouf

702, of the fatigue life at —196°C.
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Table 1. Chemical composition of material used.

Chemical Compositions (wi-"°%) Ms |Md30

Material C Si Mn P s

Ni | Cr Cu| N [(°¢c) | (°C)

SUS304 | 0065) 0.56 | 1.38/0039/0003

9.00(1812 | 0.11]| 0023 | -208| 22

Table 2. Tensile properties of material used.

0.2%proot stress Tensile strength Elongation
(kgf /mm?2 ) ( kgf/mm?) (*%) G.L.=50mm

259 66.5 60.1

NEN\

\
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NED

Cryogenic vesgel
e 7777777/

Fig. 1. Schematic diagram of the experimental
apparatus.
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(@) Fatigue specimen

(b) Tensile specimen

Fig. 2. Dimensions of test specimens.
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Fig. 3. dey/2- Np curves at 20°C and -196°C.
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Fig. 4. Changes in volume of a' during fatigue
test at 20°C and -196°C.
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(d) de /2 (—196°C)=0.03, N/Ng.=0.3
Electron micrographs after fatigue deformation at 20°C and —196°C.
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Fig. 5. Relationship between fatigue life fraction
and principal crack length at the surface.

100

80—
= o -196°C
K-
2 Lol
1]
[
=
®
=

20 -

20°c
._A———Jr‘L’?// |
0 0.01 002 003 004 005

Totat Strain Amplitude ,°£|/2

Fig. 6. Relationship between applied total strain
amplitude and volume of a’ at half life.
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Fig. 7. Relationship between volume of o' in the
matrix and tensile property at 20°C,
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Table 3. Calculated plastic component (4ep/2) of the applied total
strain range (de;/2) in the first cycle and at half life.

Applied Strain plastic Stra'in Amplitude |Plastic Strain _Amplitude
a€p/2 (k) , tirst cycle  (2€p/,(%), N/ng= 05
Amplitude “Et/5(%) 20°C  -196°C 20°C_ -196°C
3.00 2.93 2.90 293 2.27
2.00 1.95 193 1.95 117
1.00 0.96 0.96 0.96 0.50
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Fig. 8. dei/2- N curves calculated using our
experimental data from Manson’s equation.
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Photo. 2. Micrographs of fatigue crack profile at 20°C and — 196°C.
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