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Mechanical Characteristics of Stainless Steel
under Low Temperature Environment

Jin—Han Hong", Dong—Min Keum®, Dae-Suk Han", In-Bum Park”
Min-Sung Chun™, Kyung-Wan Ko™ and Jae-Myung Lee™

Department of Naval Architecture & Ocean Engineering, Pusan National University”
Samsung Heavy Industries co.,ltd.”, Jokwang ILI"™

Abstract

Austenitic stainless steels(SUS 304, SUS 316), which are used for safety control
valve of LNG carrier, are occasionally exposed in the cryogenic environment. In
this regards, it is required to evaluate the mechanical characteristics under the low
temperature environment. In this study, a series of uniaxial tensile test was carried
out varying temperature for austenitic stainless steel. The phenomena of the
strain—induced plasticity have been observed on the all temperature ranges. The
critical value for threshold of 2nd hardening due to the phase transformation
induced plasticity as well as the increase of hardening have been reported. The
summarized experimental results would be used for the validation of numerical
technigues applicable for the nonlinear hardening behavior of austenitic stainless
steel under the cryogenic temperature environment.

¥ Keywords: Austenitic stainless steel(2AHILIOIEH AHIQIY A ), Cryogenic environment (=
M &tH), Tensile test(CIHAE), Mechanical behavior(J1H& JHS), Phase transformation
induced plasticity(HEiA4d), LAHHE E(Threshold strain)

1. M8 OlAIE 438 HEZ 129 T2 =26t
ZMSES XD JUCH 2L ING et A=

ZZ2 & A ING 28t g2 S22 60% F0e FLFNZA Sy So E/A0 st Dl
= OEZ= AYEGICL 0|HE2 ZLEIZ2 HZ0|

H=2: 20084 62 112, s01g: 20084 108 7 CH, XS =2U &A= YNl 2HEIE
TRAMHXL: jaemlee@pusan.ac.kr, 051-510-2342 XZ6HHA ING 22 H4A6t0 UL 0l248t



Xl

o

o
ro

P

=30, StiiA, =oldy, Moy, NP2, OlMY

JIEEs2 HolL dd|ss SHECZ ERat
Jl fididE 018 THE £ Us YIAIAECQ
N0l ERotH, SWHUHME Ch==2 A0
Olo NG ZSAIAEI 8t H7(Nam et al.
1993, Noh, 2005, Lee et al. 2007)E0| 3|
A RED| 2E JI=2 HEStD UCL
SIXIBE D|E=S| SHAIAEN 26t Ci4=2 ¢ &
OlA, NG 28tdol JI1E 52
4 oliMe 23 Mz S40
A 0t 2 = QL Sodl HZAl
S010| OfLI2t 25 WER0| X
E I{%E AE”Ola-”AjI-Ol D.IE 01|i£?_ 6H/\‘|
o] MIet2 Hel ot & 1o Wets 23 o
e AHFOoZ 2 £ QUL

JIEL AFRZ WM =™ 300HE 2AHILIO|

A

w1
0
ro

DN
i)
o

0 1
e
e )
LY

h~— &

=

o

¢ 00T rjr ro

J
=

H AHCIHAZS SH2UME M2FL SA0]
MK 21, M20UME 228 MHeS4XE
RG] 2™ QUCHKIM et al. 2000). OIS TH
2= M20IA2 OI2EIAIOIE SHEH0I 2I5H0 LK
2 FEHE0 MAZe SH0l AN TIZ2E0l
NE SMIF 24801 22HAM UCHlee et al.

1999). Ol2igt RS0 JI2I5tH 2AHILIOIE
H AHIRIRA 22 M28 8J12 #EHE2 0]
DI L:|a| EI—EP.ElJ_ (] I.
el XISl S M 5 A
TAEHSS Lo 7Y = U= H4E
2 JigE bt glel, Sol Ms g=sd8s
EAdHEES RYUcts HRAMNA AHQI
|

OF FHSI gt JI= A

Lo

>
0y o

3

fu 1o @ 2 lo

o
>

=] —
o 2N AE(Kim et a ZOOO)EP BI SE
O|=XO| AHIQIYAZ +g| AR ENZ XX

o2 4435 B 4 UTE O MHIEHHE 2Ol
MBZ 2#oICL 018 I6I01 -50T(223K),
~100C(173K), ~130C(143K), ~160°C(113K)0HIA

Journal of SNAK, Vol. 45, No. 5, October 2008

2. QAHUOIEA AHIQAZBS &
=]

X =4 DE
2|

=Uee B2 S0l 2lotd, AR QldAZ
O M2EH0A oEHEf == didg Bt
A 20| BSHCZ BIE0 UM, E2 =
SS0ME 2AHUOIEA AHQIAAZS THE
45 Sotd  AEEl =2 OI=HIAI0IE

(martensite) &R0 AHHEE2| 2 (Cedric
et al. 2006)2 2108 Ht

Fig. 19 LAHIULOIEH AEﬂO'Eﬂ*ju e
& = UEHD U 01A Mgl
= Hldg d3t, =, 13 0*50I LIERH
HEE (Threshold strain; ¢,.)8 HXIH
Skt @ 20t SMGHH Sotote S

r

o

d= E‘.O#—’F—D_ RUCH

AN
3

LIS gt== 8= D_PEH 20| Y
0IE2

Jb 2AHILIOI

G €g
Fig. 1 A schematic of the typical behavior of
austenitic stainless steel under low
temperature ranges



532

BHE 2oI|=0AM RLECL &, HSIH0A
o 2xF HIEAR, UEAQl ABEIH 2t

H MECZ= LAHILIOIEZSREH OI=HIALO|
E(martensite) 22 £ HEIJI DIXlE LHEXQI
YO FE0| A HEote W22 LM U
CHTobler et al. 1997). LHEESZ 0l2{8t 02
St B3P MG T, B8 ZJE0l 0IAl
SHXID Z2EE LHOll ”‘*"*OI I 2g g0 M2
A0 LMOHK 210 H2IA0M =2 HelEs
LIEFHDIE SHCHKIm et al. 2000, Lee et al.
1999). 0l2f8t Hlds AdE2HE dHElad
(Transformation induced plasticity) Xz &2
ZI0, M28 AHIQlA 200l OtLlet, 22
IS0t e SEME SHAE 28 200

SAOZ 22N QUCHCedric et al. 2006).

3. SN2 JIAH |4 =24 &g

1]

2 HIANAE, SHsAIEII(UTM, Universal
Test Machine, SHIMADZU, UH-1000KNN%t =
M2 BB{(+100~ -200C =2&H? CXg FMo
)S 0IEot0d =X ol2 ME CIFAIE &t
AEoIRICL M2 BH= %Hl’é'ig 0l
ol BHUE AL Tas
ZHIRC0, LSt HIOIEH HS "?‘|
M2g &S (Extensometer, Epsilon tech.,
3542-050M—-100-LT)E ArZ5tRUCH

on o JE

_>.'_|
9 o

=]

JU 0¥ 0 O o0f
ﬂIIO

Upper Crosshead

— g |

erfsometer 1o digital
ition system

nic chamber with automatic
Ure control system

ower

Fig. 2 Schematic of experimental apparatus

Fig. 3 A photography of UTM(Universal Testing
Machine:  SHIMADZU,  UH-1000KNI)  with
cryogenic chamber

Table 1 Test specimen details (unit: mm)

HEH2 L HHAR29 20| P BIXIE R
5D 55D0-7D 15 Ol&
D
1
L R

Fig. 4 Specimen standard (KS B0801 14A)

Fig. 5 A photography of Extension meter
installation in a cryogenic chamber

o

rl"

xd

Jon

sl ==& Xl 45 & W 5 = 2008 10



Ot

533

e, 332, StiA, Btold, MRld, DA, Ol
Table 2 Chemical compositions (wt.%)
Material C Si Mn P S Ni Cr Mo
SUS 304 0.06 0.67 1.01 9 0.009 8.50 18.10 -
SUS 316 0.052 0.67 1.49 0.033 0.005 10.71 16.43 2.12
Table 3 Experimental results of SUS 316 and SUS 304
Material Temperature E(GPa) oy(MPa) | op(MPa) | Strain ato, s‘rthrraeisnho;j F:f;?;e
212.4 384.5 - - 0.13 -
-50C (223K) 207.9 405.5 1363.6 0.29 0.14 0.35
200.3 392.2 - - 0.14 -
214.4 400.7 - - 0.16 -
-100C (173K) 223.5 423.6 1362.8 0.32 0.15 0.41
206.6 413.8 1266.3 0.36 0.10 -
SUS 304
212.7 417.5 1492 .1 0.32 0.13 -
-130°C (143K) 204.0 412.2 - - 0.14 -
203.4 434.7 1398.2 0.34 0.2 0.43
200.2 408.0 - - 0.1
-160°C (113K) 208.8 424.6 1498.4 0.29 0.1 0.37
214.5 432.6 1527 .1 0.32 0.12 0.41
213.5 399.6 851.2 0.57 0.12 0.74
-50C (223K)
215.1 392.5 - - -
200.5 434.8 10411 0.49 0.1 0.65
-100°C (173K) 211.3 436.3 1044.6 0.48 0.10 0.63
198.5 405.8 1040.4 0.48 0.13 0.64
sUS 316 199.5 470.0 1160.5 0.38 0.10 0.51
-1307C (143K) 204.7 526.6 1164.9 0.43 0.1 -
208.5 468 1169.4 - 0.12
206.6 486.6 - - 0.10
-160°C (113K) 202.5 590.0 1196.3 0.33 0.09
203.6 494.7 1328.7 0.38 0.10
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Table 4 Experimental results of references (A: Lee et al. 1990, B: Kim et al. 2000, C: Cho

SH2E AL 22 H2AHS

Jm
0x

1982)
oy (MPa) o(MPa)
Material Temperature
A B C A B C
257 (298K) 300 256 675 618
20°C(293K) 361 721
-30C (243K) 240 1025
-80°C(193K) 497 227 1163 1212
-100°C (173K)
SUS 304
-1207C(153K) 508 1245
-1307C(143K) 240 1347
-160C (113K) 551 1495
-196°C(77K) 390 232 1580 1609
-2697C (4K) 520 1825
25 (298K) 282 623
SUS 316 -196°C(77K) 350 1450
-2697C (4K) 420 1680
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