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Fatigue Behavior of Stainless Steels with Different Ferritie and Austenite Volume Fractions in Laboratory Air

Masayuki AKITA, Masaki NAKAIIMA and Keiro TOKAJ

Synopsis : Fatigue crack initiation and growth behavior of stainless steels with different volume fraction of ferritic (a)-austenitic (y) phases were stud-
ied. Materials with five different volume fractions of o/y phases, i.e. SUS304 (100%Y) , SUS329J4L (50%y, 28%y, 12%Y), and SUS444
(100%cx), were prepared. Fatigue tests were conducted in laboratory air using electro-hydraulic fatigue testing machine. Cracks initiated pre-

dominantly from slip bands within y grains for SUS304, and SUS329J4L, and within & grains for SUS444, i.e. transgranular crack initiation

was found. Fatigue lives decreased in the order of SUS329J4L, SUS444 and SUS304. The same tendency was also seen in fatigue limits. In

early crack growth region, while no remarkable differences were found in all materials, for three materials in SUS329J4L crack growth rates

were faster in the order of 50%Y, 28%y, and 12%Y, i.e. early crack growth was influenced by the phase boundary. Moreover, the early crack

growth was enhanced in comparison with the long crack in all materials. After allowing for crack closure, long cracks exhibited a similar

growth behavior in all materials. Based on these results, the transition from small to large crack and the effect of a/y phase fraction were dis-

cussed.

Key words : fatigue; crack initiation; early crack growth; phase fraction; ferritic stainless steel; duplex stainless steel; austenitic stainless steel.
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Table 1. Chemical composition of the materials (mass%o).

Material C Si Mn P S Ni Cr | Mo | Fe
SUS304 0.05 | 0.46 | 1.33 | 0.031 | 0.003 | 8.21 | 18.25| 0.28 | Bal.
SUS329J4L[ 0.015 | 0.41 | 0.71 | 0.031 {0.0002]| 6.71 | 25.60 | 3.06 | Bal.
SUS444 0.004 | 0.06 0.1 | 0.024|0.006| 0.11 | 18.72 | 1.81 | Bal.
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Table 2. Mechanical properties of the materials.

Material G o 5 ®

MPa MPa % %

SUS304 (100% v) 250 603 63 80
(50%+vy) S01 731 38 77

SUS329J4L. |(28% v ) 548 731 36 72
12% vy) 587 731 31 63

SUS444 (100% ) 293 445 34 83

e B A B & Table 21289, 5IRHE X oyl
SUS304 T3 603 MPa, SUS329J4L TIX y MDA IZ1E - T
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Fig. 2. Normalized S—N diagrams.
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Fig. 3. Microscopic views of crack initiation sites.
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Fig. 4. Early crack growth behavior immediately after
crack initiation.
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Fig. 5. Crack growth behavior for small cracks.
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Fig. 6. Crack growth behavior for long cracks.
(a) Relationships between da/dN and AK.
(b) Relationships between da/dN and AK 4.
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Fig. 7. Comparison of crack growth behavior between
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Table 3. Values of transition crack length, a,.

Material ow A Ko, @
MPa MPa/m mm
SUS304 (100% ) 200 4.0 0.127
(50% v) 250 53 0.145
SUS329J4L ((28% v ) 250 5.3 0.141
12% v) 200 7.1 0.399
SUS444 (100% o) 215 4.5 0.141
500 -
| SUS329J4L(28% v . 30% v )
r e SUS329J4L(12% v )
w2 ~~
4 5 200
&3 .
2 100
=] — ~
< r SUS304
E bu ™
E a <o
30 i SUS444
20 L1 il Lo il [

0.05 0.1 05 1 5
Crack length a (mm)

Fig. 8. Relationships between Aoy, and crack length, a.
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Fig. 9. Relationships between crack growth rate and vol-
ume fraction of o/y phase.
(a) Arrangement by crack length
(b) Arrangement by AK
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