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High Cycle Fatigue Properties of Austenitic Stainless Steel Welds at Cryogenic Temperatures

Tetsumi YURI, Toshio OGATA, Masahiro SaiToU and Yoshiaki HIRAYAMA

Synopsis :

High cycle fatigue properties of base and weld metals of SUS304L and SUS316L and the effects of welding structure and § ferrite on the fa-

tigue properties have been investigated at cryogenic temperatures in order to evaluate the long-life reliability of the structural materials used
in liquid hydrogen huge tankers or storage tanks and to develop a welding process for those applications.

The S-N curves of base and weld metals shifted to higher stress or longer life side with a decrease in test temperature. The ratio of fatigue
strength at 10° cycles to tensile strength of the weld metals were 0.35 to 0.7 and getting lower than those of base metals with decreasing tem-
perature. Fatigue crack initiation site of SUS304L weld metals initiated almost at blow holes of approximately 200~700 um diameter, and
that of SUS316L weld metals initiated at a virtual crack. A virtual crack of SUS316L weld metal was caused by carbides of M,,C,, and
Al/Mn oxides, which were formed at weld pass interface boundary during welding. The decrease in fatigue strength at 10° cycles at cryo-
genic temperatures was due to very small welding defects and a virtual crack. Although & ferrite reduces toughness at cryogenic tempera-
tures, the effects of  ferrite on high cycle fatigue properties are not clear or significant.

Key words: austenitic stainless; weld metal; J ferrite; high cycle fatigue; liquid helium temperature.
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Table 1. Chemical compositions of base and weld metals for SUS304L and SUS316L (wt%) and volume contents of § ferrite (%).

Materials C Si Mn P S Ni Cr Mo Cu Nepm O®rm) Hppm) | 6 ferrite(%)
Base SUS304L]0.017 0.56 087 0.031 0.0021 9.05 1833 0.17 024 412 28 17 -
SUS316L]0.022 052 0.85 0.026 0.0005 12.09 1759 213 028 380 15 3.2 —
wea  VV3ML [0.014 040 151 0021 0.003 974 19.08 001 — 350 40 13 10.5
w3l6L [0.013 041 143 0.019 0.002 12.08 19.03 203 — 300 25 08 9.9
Table 2. Chemical compositions of wires used in this
study (wt%). « ]
a % P = cl
Wires | C Si Mn P S Ni Cr Mo Ngm = = ¥
N—
Y308 | 0020 040 150 9022 00021 1012 1965 — 335 -
Y316 | 0020 040 - 149 0021 00023 119 1759 201 337 o |(_35—_)| 130\
L e 42 ol 28"
< 98 i -
Table 3. Tensile propertics of base and weld metals for
SUS304L and SUS316L at 293K, 77K and 4K.
. a) Tensile specime
Materials T ®) YSmpa TSmpay E€(%) (%) @) € Ssp n
293K 251 592 695 804
SUS304L (Base) 77K 350 1557 40.0 65.7
4K 389 1727 365 540 ~
293K 402 577 564 813 - o
W304L (Weld) 77K 383 1371 416 547 © =S
4K 470 1563 __ 340 366 f i
293K 256 575 610 825 ! _ - i |
SUS316L (Base) | 77K 403 1300 549 718 =3 —1_
4K 561 1536 49.0 535 | t o |
293K 453 582 546 741 o
W316L (Weld) 77K 565 1229 498 576 15 45 25—+ 45 ——
4K 678 1403 346 252 130

T:Temperature  YS:Yield strength  TS:Tensile strength

€ :Elongation @ :Reduction of area

P RIET AR K067 2 74 FOREERIL
pA

2. #EMBIUERTE

2.1 #EH

HEERMA T, TR D SUS304L 35 KO SUS316L % 7=,
BRIPVEM , AOD (Argon Oxygen Decarburization) ff #H %
WRIE 28 mmiCE B EMLL , 2 DH%SUS304L K
1040°C-5 minf##% , K#r, % 7z SUS316L iF 1100°C~5 min

4%, KSOBHRIUHAK I N 28D THS. Thih,

IhaeRME L, (LRI, Table ISR D IS
G4304 7= LT 5%,

WAL, B LD 28 tmmX200 W mmX 1000 L mm DR
Y10 7L, 2 1 TR X8 1000 mm D E A B A
FAEUEL 7, B3, Delong DAARX DI D % Cr
BLXUNBFFABLAZEDT, §7x254 M EP10%EE
2B DEMNT, XL 13 Table 212879 A%,
ZRZFN Y3083 SUS304L 2, Y3161L SUS316LIZHWVZ,

BRI IZ U PRIBHS% & U, TIGHEAEEKLIC T L
D17BFEIE L 72, EHEEMIE8~10V, 120~210A, B
W 8 cm/min, JERIREE L 150°C BLU FIZTHT - 72, Table 1
ICRBBEMOILFR DB LS 72914 PES HDE TR

53

(b) Fatigue specimen

Fig. 1. Dimensions of tensile and fatigue specimens (mm).
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Fig. 2. Optical micrographs of base and weld metals for SUS304L and SUS316L.
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Fig. 3. S-N curves of base and weld metals of SUS304L
at 293K, 77K and 4K.
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(a) 4 K =1014 MPa
Nf =127290

(b) 4K = 469 MPa
Nf = 1094290

Fig. 4. Scanning electron micrographs of fatigue crack initiation site of SUS304L base (a) and weld metals (b) tested at 4K.
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Fig. 5. S—N curves of base and weld metals of SUS316L
at 293K, 77K and 4K.
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(a) 4 K = 936MPa
Nf =766500

(b) 4 K = 842MPa
Nf = 6760

Fig. 6. Scanning electron micrographs of fatigue crack initiation site of SUS316L base (a) and weld metals (b) tested at 4K.
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7. One million cycles fatigue strength as a function of
test temperature of base and weld metals for
SUS304L and SUS316L.
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4K = 702 MPa
Nf = 96140

Fig. 10. Optical micrographs of cross section view of SUS316L weld metal tested at 4K. Photograph (b) is magnified image in (a),

and show carbides of M,,C,.
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(a) SEM fractograph
(b) Cr (K)
(c) Mn (K)

4 K =842 MPa
Nf =6760

Fig. 11. Characteristic X-ray image taken by using Cr (K) and Mn (K) radiation and secondary electron image of the same field of

view (a) for SUS316L weld metal tested at 4K.
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Fig. 12. Scanning electron micrograph of Al/Mn oxides at
weld pass interface boundary of SUS316L weld
metal tested at 4K.
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Fig. 13. Illustration of cross section view of SUS316L
weld metals tested at 293K, 77K and 4K.
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