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Properties of High Temperature Low Cycle Fatigue in Austenitic

Stainless Steel
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Abstract

Tensile and fatigue tests were conducted at R.T. and 300C for type 304 and 316
stainless steel. Tensile strength and elongation decreased and fatigue life increased
with temperature for both type 304 and 316 stainless steel. Fatigue life of type 316
stainless steel was longer than fatigue life of type 304 stainless steel. Dislocation
structures were mixed with cell and planar at R'T. and 300C for both type 304 and
316 stainless steel. Strain induced martensite of type 316 stainless steel was less than
that of type 304 stainless steel and decreased with temperature. It is considered that

strain induced martensite is an important factor to increase fatigue life at 300C.



AERe] mYTFRES 229 ugsle] QAHUolE AHSlE s o] ALgHol A1
ATk AF R FEEE oF 300T9 2%oA oF 1507]¢te] gHor JhEEolA 1
ATE o9k 2L AN mUFRES YZHFe 55 oA WAstE 1TV 9 R H
S5} VAA stEe] Wsle] o3 AFv] IR Fo| TS AoR d#A At Ant
How w7t F7ishd v 2ol fadts Fo® dEAd Jdud =UTRE ALE
B2 3 9= o ~EUOlE AH Qe s Ho] ASrn AELEAE w2y 7Fad)
A GAY 238 FUrs e Barvh JoH1-3] mEbA] 2 AFelA e AFE Ve ek
Helol A e zEHUelE 2HRIYE Ao demsHS S5 Mo Aol Folgl

shetxdE 3 1o YERATE Al 1100TA A 1A1ZE A sA gate] Wb, &
Aol Aol Aol HEx AFHsIAY. Adeiee A2 H 300TE WA
A AR =2AlAE 22T oz Ao ke wdds 27 Skl Ad
LA A FAF AES s A FAR7E 25 mm, #7d°] 6 mm
il

BAAHE O Z Instron 450582 W A o] & A 2x10-3/s0] WM EE = At A=
7] SzAme] g AR Aozt 8 mmeln 7o) 7 mmSl ¥AAAHo|m, WA
9 08~15%, WHEE 2x10 /s, 47t 9k& AH83ho] strain Ao} & Instron 85028 AH&:
3] ASTM E6069] A3st= vlo] wabr assd

3. 494y 9 &9

fo
2
120
o
rlo
rfo
k1
X
of\
L
ol
)

N

N
B>
ol
rlr
o,
o%
o
o

lof Yeb ol 3042k
S stAl 7= YA
4] & AFA =
). 3169 749 300CAA Hd
9-+= serration®] YWEFUA] gkt

Z7oln FAWFA T BT AF

w
—
)
rlo
‘O,
o
ol
k1
)
rO
>
o
rlo
X
1o
N
N
rlo
=
o o
i

32
£
s

e
At
o

w 2 BN
©
[
il

ro
=
19)
M
et
N
NS
ol
o
g
o
o
ol
k1
rlr
]
2,
oo
olX
N
NS
_O,L' il
ot W
o
%2,

FIFLO&
&
T
s K

o
rr
Y
o
ox. %9

Ol
On
rir
N
o
it
o 1 10
2
Mr
N
- o
%0,
rir
=
ol
w
()
(@)
@)
=
o
w
(]
=
o
w
—
[@))
o
o

o
52
32
N
=

] g
F 9t BHANPA L BASE RS ALNAE FAFARTL A9
4918 3]

N U



7h 304Xt ©Aae] FheFo]l ozt @] wjEel FAWMIAAZF EA s

o

rlr
pas)
lo
Ll
o
e
it

32. AF7 25y e] e
304 ZE|9lel 2 Fuehs 316 ZEQlel s ge] WRsye] FrhdE 4%E
ERR ST AR ths 300CAA Sl2Fgel Frhster 30T Aol 925
3047} 3162t Atk e AF7] Aniwel GHe MAL ANRAE ANTFE &
571 shEAbelE, AR A7), BHUINE, YWY Fol 3
B AgAE AR A7k FLt 300CAA Folrk b ReolE BT
FHe F7hEY] W 300CAA ) WRs e Frke A4 a9 o
% 3169 A5 00T BHMPA T FYSH L

3

'80]:

o =

Grjo] okzk Frheta 3049 AR MEFEPe] At AL Ze 00T
=
7.

2

| 4

> of
)
=
oft
)
(&
oft
>
ot
_ﬁ(
of
%
o
=)
R
N
R=)
St
o
fit
{_ﬂ
.
it
=
=
.
=)
=
rlr
w
—
[©))
g
[>

o ™ oy

2 5 o 8 o W
S IC R TN TR

o

y

ox Iz

oft
=2
lo,
%
M > e
&

(B
ofl
Jo
~
o
=
il
=
>~
Do)
o)

el 71AH B mAlE @l M= =X -

e-C-Mn-SiZAl WEjf7] 4%

-

o
)
L
ol
[o

O

K}
o,
o
[~
oy
i)
)
E o I

2 |m
i ¥e
‘O,
ey
o
b
ox
o,
N
(e}
o
oy
il
o
_OL

i
©
i)
o=
o
9
N
of
LN
o
o
St
9
>
ol
4
X
o
fit
o

=
-

o S
o
[
e}
>
>
L

>,
o
|
o
o N

£ N o2 of
R od

o2 re

M

g 2 m

&g
-
4 flo
Nt
o E
od
Mojo &1
o
O
1o,
re
o,
o
offt
>,

oy oo pR A it
fuopot
(Bong
~
Jo o
=
oft
ox |d
e,
(e
O
Jo
N
=
il
=
>

B ooz
ool
o2
s, ol
[o

(
adb}

z
of thaiM= el stz o

=2
)
rr

o
M &2 ox U Mt M oy & &

N
—_

O o o T om kX

[t



Fbl mebd] mahgelo] Past: U &
of 2457 ARl ESL gadty] WEOR

34. AQx

AFAFAUATL w1 3 WYL BAE Yol oA SRR primary & HY
= HlojuA % 3} o] band‘Jr wall #A3HA H3la planard 725 JelWa HEFAg
olvix] e MFHA7F =Ew= cell 7325 YEhlE ZoR ded lomR[14-17] &
£3} 3ooco1w tﬂﬁmﬂﬂ 10/011%1 A2ANG F AgTre B2 Ave 29 4o
YERH AT 3049 3169 A% AFAANUAIL oF 30 m)/m’E =& e sHAaL i
M7F 1% 22 MW Jol= &7t A9 755 celldt planar7h o] Q=9

TEE U Sxe] Frbel webd A9Tze] WM g,

o] g wabA] AAdF7] mfEEALO] EVE WAt R R A2 1.0% A ¥
Aol B AHe S AAFY] mtERIAO|EE XRDEA SH43 4345 1
d 50 YET. Aol A= 2 F7] mtE'ALol EVE A AAINE 300T oA = 4
A7) vtEHALEE #EE & QT A R7] mtEdALo]Eo] AR HUME
3 FerritescopeZ AF-g-3lo] spHo A e AAF7] vp2dlAlo]lE A3 A2 F 20 o}
E]rlﬁ‘“")r >27F SUbstH 9438 27 mFERAO|EVE 3HASHE o ¢ Qlal 304K

= 3169 A-57F &7 wtEHALOEVL #r o] ¢} e A= 00T v 2
”5'0] S7beke= A dA k= Zlolal, wpEHIALo|Eof oJsiA 3 2Fo] Atk
Baote: A8t AdE Yepdv11,12]. wfgkbA 300TCoA AF7] g 24l A
Bt F7hete A d2ZAgE T BT 24 F7] v2EAol|EVE Fa% 9488 g A

287kl 304 2 316 ~HElA Foz A W 300CoA AAAY U AFy|H=

1. 2571 S7behd QA= A& asAw Aol webds Wshrh fldh
2. ©u7t ALoA 300CE Z7tetd HEAEE 7hasta wasye Zrbeddr
3. A9 txrE X wahy =LA W3EekA] kA celld planaryt Ao 9Tk

4. &7} 27k 2467 nfEElAlo|E9] dko] 7k

5. 304X th= 3169 I 2ol -kt



7]

S

Sk

9.

10
11
12
13
14
15
16

17.

T 7

AT Hgr el AT AFYATAL FENYF DePE Wb 2 AR

S AN ST Aste] AREAL)

V.S. Sieinivasan, R. Sandhya, K. Bhanu Sanakara Rao, S.L. Mannan and K.S.
Raghavan, Int. J. Fatigue, 13 (1991) 471.

R. Alain, P. Violan, and J. Mendez, Mat. Sci. Eng., A229 (1997) 87.

M. Gerland, R. Alain, B. Ait Saa®F, and J. Mendez, Mat. Sci, Eng., A229 (1997) 68.
J.W. Simmons, Mat. Sci, Eng., A207 (1996) 159.

S.L. Mannan, K.G. Samuel, and P. Rodriguez, Trans. Ind. Inst. Metals, 36 (1983)
313.

L.H. de Almeida and P.R.O. Emygdio, Scripta Metall., 31 (1994) 505.

S. Venkadesan, C. Phaniraj, P.V. Sicaprasad, and P. Rodriguez, Acta Metall., 40
(1992) 569.

S.D. Antolovich and B. Singh, Metall. Trans., 2A (1971) 2135.

C. Bathias and R.M. Pelloux, Metall. Trans., 4A (1973) 1265.
. A.G. Pineau and R.M. Pelloux, Metall. Trans., 5A (1974) 1103.
. G. Baudry and A. Pineau, Mater. Sci. Eng., A28 (1977) 229.
. G.R. Chanani and S.D. Antolovich, Metall. Trans., bA (1974) 217.
. D. Hennessy, G. Steckel and C. Altstetter, Metall. Trans., 7A 91976) 415.
. C. Laird, Philip Charsley and Hael Mughrabi, Mater. Sci. Eng., 81 (1986) 433.
. Karel Obrtlik, Tomas Kruml and Jaroslav Polak, Mater. Sci. Eng., A187 (1994) 1.
. A. W. Thompson, Met. Trans., 8A (1977) 833.

B. Bay, N. Hansen, D. A. Hughes and D. Kuhlmann-Wilsdorf, Acta Metall.
Mater., 40 (1992) 205.



Table 1. Chemical composition of specimens (wt%)

. . Grain
Spec. ID C Si Mn P S Cr Ni Mo )
size (gm)
304 0045 | 0.04 | 1.68 | 0.030 | 0.001 | 1823 | 815 - 61
316 0050 | 058 | 1.26 | 0.032 | 0.001 | 16.77 | 10.75 | 2.06 65

Table 2. Contents of strain induced martensite measured by Ferritescope (%3).

304 316

R.T. 159 5.7

300C 15 0.4
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Fig. 1. Tensile curve with temperature for type 304 and 316 stainlesss steel.
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Fig. 2. Low cycle fatigue life with temperature for type 304 and 316 stainless steel.
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Fig. 3. Cyclic tensile peak stress with temperature for (a) type 304 and (b) 316
stainless steel.



Fig. 4. Dislocation structures tested at 2A&=1.0% and R.T. for type 304 and 316

stainless steel
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Fig. 5. Strain induced martensite after LCF test at A€&=1.0% and R.T. for (a) type
304 and (b) 316 stainless steel.
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