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Thermomechanical Properties of Type 316LN Stainless Steel
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Abstract

Tensile, low cycle fatigue, and thermomechanical tests were conducted at RT~600C
for type 316LN stainless steel. Tensile strength decreased with temperature and
elongation decreased, was minimum at 400C, and increased with temperature. Low
cycle fatigue life was almost same up to 300C and decreases abruptly with
temperature at above 300C. Thermomechanical fatigue test was conducted at 300~

600C, 2% strain range, in or out of phase, 100 or 50% constraint. Thermomechanical



fatigue life of in phase was higher than low cycle fatigue life at 600C but that of
out of phase was lower than LCF life at 600C. This behavior is considered that

austenitic stainless steel has high thermal expansion.

ARE 99 TEEL oled L o8 A4
Pl Ao xR sbgd olaA A4 &

el dozA Aol A =S

Fol EAon WY, 12 FxEol VAASGE Zewstd osn A ow
EdE o] vhEo] MASE A4S AR EFoR Aoeta 9li, AT SR Wk
Al stgol ZhsteiAs e AFrv e ista QU] whEbA dd s Aee a1
A AREH A Y= FRee] &4 AAS A "rkstel A A8 @
T AT A dAR SR JRAGE FAdste] e AT vReEs
ZAsta oled nE AFy] AzeE VA skl Aol shejA dAsts A
2 pis vashas gn

2. 298

2.1. etz dA g

Aol AR type 316LN ZH Qg2 ZFe] 3letxAdS 1 1o WERAT AlHS
100TAA 143k SAsA el ste] Fystals, gheigatel Awle] ool HEs A
Askelnt,

2.2, A &uH

A A2~600C=E WA AL A7 2EHAXAE £2T o=
2R ddEs A7) ﬁo}oﬁl Ald2Eo A A FAF NS T3S

t} A FAA & 5 mm, 27d°] 6 mmgl 5 FA|H O E Instron 4505= H ¢ Ao
24 2x10 /s8] WHHER A%é}ﬁit‘r. AFE7) d2AHe] YA PP Holrt 8
mmo] i H7o] 7 mmel EAAHo|a, AP 08~15%, AFEE 2x10 %/, 27
=5 AFE-3}o] strain Ao & Instron 85025 Abg-3te] ASTM E606° 4 3sli= #lel] uje}
A ettt AR AlFde 4 F3H7F 8 mm, Aol 7T mmel BAAAS Hol

Wako g A7 4 mme THE %S hollow typed AFE3dth du & W= 2%,



—_
o

}r\:]' 7_|L

o] Aol 2ol

%
Aleofl 1ol A7+ in phase, 7IE ¥ A9 4=0o] A= out of phase® Al

3

ez}
=

o 23 274 0.2 mm2

)

AFITE AV =A TF

-

]

SIRAE:

-

2.

2}

1

a¥

PRIl Al
2] 7).

©

Fol Al

©

87
SR

[e=]
=

=

9 TELL 100, 50% = WA AT S5 Ao

WM E == 0.0083 Hz, &%=9F 7] A4
2.3.

1o

X—]]:H

—_
o

)A
i)
i

Ho

ol

Ho

T
A

ol

il

LoAe 92E
6~7 kg/cno] HEE

ol

jruze]

A

—

O 2 A

1

;OU

ol
N
N

|
=N

H

}3L electric actuator”} solenoid

5

e
T

stof

eaE Fol7] H

)

_ZT!

=

=

50%

.

O 1-

3

shal 50%¢%1 4

71 AR Apol Z3 FAFolF 9] phase

S

A 7h wobd] w Abe]F v} w

A7} 24

Al A

I} F Aol pyrometer
e}

o

3}
=4
13

7

A

=

=

o] 0.2 mm¢! <& Ay

73

Z]
2

—~
o

il
IS

el
<
=0
)
N
1o

el

0

=9

ze]
il i
_AO

—_—

0

Fhol whepa) g

=

a2 200 e £Ee 3

=

o7 ®HuyEa Q23]

sho] we 91445

=g ]

A A = =
32. AF7Iv =

L
L

S

9

1
.

3o Yt g 25 o] 300C7HA

=y
ijN

ey
=
o8
b
o}y

o7k 400°Col ¥ 34

i<

e A

Els

15

g

]

Q
=

_q]

71



148 Lo MAWS 10%0A ARARE A9 exel wE A

R EEENE

Waks 19 4o GERRITh AedAE suey 2ael zsld Askh =6 @A v

oot A% dstEs 43e UHiAR LR 2485 Hasgsa 2o 43

A olel® A4S FARGAE o wAsE Ao A ArH46]
24

2714850 = X3t ghdko] wASHA €T

33. d9 =

331 &=Wste] & strain® W3}

2o upElr] AlHo] HAFsy] wEol straindl W37F HAEA ") oS RA S
7] QA o] wWE straing A9 29 59 YERIQT. &% Aulz Al gl A
o] FXE V|FoR WFFS AAsHA Hh

fe N

332 ‘%‘E—‘] */\]—O] = _TL/\_]

33.3. €92 Fwd v X = phase®] 93

a9 304 HEnpeh o] ARG LEANAN AFTV I BAIRS ST F¢ HIHS 2%
ol Me] vz 530 AtelE Aoty 2y 19 69l A%t o] VAA S FA
SETL 300~600CAFol 9] AL FF A9E 600C AALwNA ANAA dEW A
BrY oF 2u) A v mgro] FUFEAT R dA 2o AFY] Ry Ey
= oé‘“]i "ol in-phase® -9+ oF 120 A%

71 A4 o} I At Al TheE
of p



3.35. A Az

duzAFS gre]l ALzS 18 89 YEFNATE In-phase®] 9= striation©]
A2 11 QAT out of phased A+ striation®.theE ¢ 2 7tA o2 A3 AL &
UL olHg A= duE £ 3
Al e Wi A F2 A duE s FES UERAIRE el ool A F A
A7) = skt T Apolo]l o3k JEFe HHd M= FEet] ol Hh

4 i
ke
&
o
©
e
N
ol
fr
o,
ok
tlo
-
o,
=
4%
o
!
e
Lo
o
ox

flo

Aes Ao AJ=~600TolA %, AF7] v=, d9=2AdE -+
=

2. 25 E L 300C7HA = Ao Wt gzt 1 o] F438] 7HAs
3. 9y "L in—phase” $-7} out of phase 2% Hrtli= F713
4, F+& o] F7 st Y24 FUFsEA

1. D.A. Spera, ASTM STP 612 (1975) 3

2. D.W. Kim, W.S. Ryu, J.H. Hong, I.LH. Kuk, S.K. Choi, J. Kor. Inst. Met. & Mater.,
36, No. 3 (1998) 342.

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

4. DW. Kim, W.S. Ryu, J.H. Hong and S.K. Choi : J. Kor. Inst. Met. & Mater., 36

(1998) 1728.



5. Kaneaki Tsuzaki, Takashi Hori, Tadashi Maki, and Imao Tamura : Mat. Sci. Eng.,
6 (1983) 247.

6. V. S. Srinivasan, R. Sandhya, K. Bhanu Sankara Rao, S. L. Mannan and K. S,

Raghavan, Int. J. Fatigue, 13, No. 6 (1991) 471.

Table 1. Chemical composition of specimens (wt%)

) ) Grain
Spec. ID C Si Mn N1 Cr Mo N P S )
size (ym)
316LN | 0.019 | 0.70 | 097 12.46 1723 | 238 | 0.10 | 0.007 0.002 47
2
12
11 g 3
13 —}T'CD
5 -~
— N 10 P
Q 0
8 /N
2
9 /T
7

1. Load cell, 2. Pull rod, 3. Specimen, 4. Induction heater, 5. Extensometer
6. Air compressor, 7. Actuator, 8. Thermocouple, 9. Temperature indicator

10. Instron controller,11. High frequency induction heating generator
12. Recorder, 13. Computer,

Fatigue test machine

Fig. 1. Schematic diagram for thermomechanical fatigue test.




Yield stress, MPa

Fig. 2. Tensile properties of type 316LN stainless steel with nitrogen content

Yield stress, (b) Ultimate tensile stress, and (c) Elongation.
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Fig. 3. LCF life of type 316LN stainless steel with temperature
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Fig. 4. Cyclic curve of type 316LN stainless steel

with temperature at Ag = 1.0%
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Fig. 5. Strain change with temperature for type 316LN

stainless steel.



400 ' ' ' o In-ph;se 400 T T T T =
000 o Thema B e
w01 o, 5 20 o |3 S
EE N A “ o g' ( L Je)
) | |
i_zoo i A . G 2001 e
oo O %] J ol OCHE
g i amatils! @ g p O = E
&3 100 O 0e=2.0% ] ) 1004 (Farity - g
Temp. range : 300-600°C De=2.0% |
0 Constraint : 100% 0 Temp. range : 300-600°C
10° 10" 10° 10° 10* 10° 100 100 10° 10
Cycles to failure Cycles to failure
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Fig. 6. Thermomechanical fatigue thermomechanical fatigue curve of
curve of type 316LN stainless steel type 316LN stainless steel at Ag =
at Ag = 2.0% and 300~6007C. 2.0% and 300~600TC.
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Fig. 8. Fracture surface of type 316LN stainless steel after thermamomechanical

fatigue test at 300~600TC, Ag = 2.0%.
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