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ABSTRACT

A Study on the safety evaluation of dissimilar

welding with cryogenic steel plate

Woongtaek Lim

Advisor : Prof. Gyubaek An, Ph.D
Department of Naval Architecture
& Ocean Engineering, Graduate

school of Chosun University

Recently, the importance of the environment is increasing due to the
continuous expansion of ships, and environmentally friendly ships are
being discussed. Ships that use environmentally friendly energy such as
LNG, hydrogen and ammonia are being discussed. Currently, through [MO
2020, many bunker C oil vessels are being ordered with desulfurization
equipment or eco-LNG vessels. This LNG-propelled ship requires an LNG
storage tank, but the cryogenic steel currently registered in the IGF
code is Al-alloy, austenitic STS steel, and 9% Ni steel. Up until now, 9%
Ni steel has been used a lot, but there are problems with weldability and
material quality. Therefore, high Mn(H-Mn) steel with high Mn content is

emerging as an alternative.

In this study, the evaluation for applying the newly developed H-Mn to

LNG storage tanks was performed as fol lows.
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First, a sample is prepared by welding cryogenic steel such as H-Mn, 9%
Ni, STS and STS304 pipes. Residual stress after welding of cryogenic
steel HAZ was analyzed by experimental method such as cutting method and

analytical FEM analysis.

Secondly, the test specimen made of extremely low temperature steel and
STS304 pipes was changed from low temperature (-165C) to normal
temperature (25C) to confirm stress caused by temperature change

experimentally and analytically.

Third, the actual LNG carrier C-Type tank was modeled and the residual
stress after welding was estimated analytically using the MSC Marc
commercial program.

Finally, we modeled the actual LNG carrier C-Type tank and applied
temperature changes to analyze the stress changes due to temperature.

As a result, it was determined that the factors affecting the weld HAZ
of cryogenic steel and STS304 pipes had a greater effect on the stability
of residual stress after welding than on the stress changes caused by

temperature changes.
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Fig. 2.1 Various methods of residual stress measurement in accordance with depth
of residual stress

oA X0 B2 AN dEez 88 4F S5 &I 02 320 AISE
=0, ZFE dsit LS 2AHE MDD ACH 22 BFRHY AHMs= 42
Z ool oidHel HEez S8 MF SHE H=ots JI=0l 26 SUCH O
HEQ MENAZZNH2Z= MSC Marc, ABAQUS, Ansys S0l U2SH, & A0A
= MSC Marc &t Eolil4d Z21&#HS 0|E00 ST SEHS BEoUL
2.2 88 a9 gsxd 2 JAHH d&
A7 AISE ZMesE FIN2E ZME D Mn 2 (H-Mn), 9%Ni &, STS304 32 &
0l =2 HF0AME SHRH ASHAE =

=

0, ststd X42 Table 2.1 0l LIEFRILCE.

=& Q! STS304 2F 9%Ni 22 2S5 dsit Hluwol, UM &2 ds5 Z&Eot
i ol A

ULCH STS304 = LLAHILIOIES HM=2MH =M=2

Of A %2l Ni 2 E&ot) UAOA OF2EIAIOIES JIX XXX 2H20M 2
AHIUOIEXZZ AHIQe|AZD HIxs £=&F2 M8 sE 2t JA2H, =25 ¢
L= O =0 0 At S H2E DMnZS 22%2 Mh 2 &R0t
USH STS304 2 sLotH LAHUOIEIIXN A2AE IR §ULD = 9%Ni 2t
HI=GICH. 2 S HSE 2 M JIAHE & Table 2.2 0l LIEtRHCH &52%2 0l
B2EOl HlE(Yield to tensile ratio)2 29 9uWNi 22 0.85, STS304 22 0.4,
DMnZ2 0.49020, NI 22 CHE SH2E ZMECH a0l ACH -165TUHAM Sl &
SLAEE BEY AR20AHMEC DMnZe 4220 =525 = 78% SIHotA D 9%Ni 2
2 38%, STS304 = 57%ZIIGHRULH. = M2UA =382 NI 201 =M 2 =
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Table 2.1 Chemical composition of cryogenic steels.

weight, %
Materials C Si Mn Ni P S
H-Mn >0.25 >0.45 >20.00 0.05< 0.02< 0.002<
Q%N i 0.051 0.252 0.660 9.448 0.010 0.001
STS304 0.016 0.21 1.72 8.26 0.029 0.020
Table 2.2 Mechanical properties of cryogenic steels.
: Thermal
Yield Strength STterneSnlglteh Elastic Modulus expar}sion
Materials (MPa) (MPa) (GPa) Coefficient
(10™°m/(mC))
25C -165C 25C -165C 25C -165C 25C -165C
H-Mn 432 773 879 1312 175 186 9 5
Q%N i 668 925 707 1046 195 205 12 8
STS304 275 432 668 1527 201 214 16 12.5
2.3 0|/ 2ER9 &5 23 HI|
2.3.1 E28XA
ING MEE A0 Od BH&=S0] AZEO U0 NG IF Hi2S Soi S2H =0,
Ol AF=%l= B2t THA 2 STS304 JOF 80, H& 83 IHEOl STS304 2tH =3
30| SXCH, HEHT THEO D2MnZd & 9%Ni & 0lctH STS304 b2t OIXH =2
HEJI SMBIAH =0, 2 HIANA=E Ol S2EENHAN M= 28 &8 82 2
SAOI29 Hekt= HESH)| Olot & H NG MEEHIAS HEW AMESEHes 28X A
2 A2 2ot E20t0 s SER2 0l S&ER, 2249 &8 38 FXEE

mX A2 250 mm 3

MEZ2 E&otR

, 9%WNi &, STS304 3 Al MAQI M 20 mmX JtZ 250 m
JIe & SA & 50 mm, SH 3 mm 2 STS304 Hi2t0] 2=S&
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Fig. 2.2 Dimension of test specimen
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Fig. 2.3 Weld joint configuration and weld sequence

Table 2.3 Welding conditions.

Welding conditions (Flux COFGSCQWC welding)
Heat input 8~10 KJ/cm
Groove shape K—groove
Welding consumable Size ®(mm) 1.2
Current(A) 180
. Voltage(V) 28~29
Welding parameters Speed(om/min) 3035
Position 1G
Shielding gas Gas type 80% Ar / 20% CO,

=2 A0 AIEe SEMMES ssd 2d0 JIHE &
STS304 EE Al0l= PT-400H 20101 E HE
Bluwot Oa &2 & E & AHE 0ISFE FdotULCH. £, 9%
Z 0t STS304 2t SZAIGI= Ni 63%2 DW-N709SP 2t0IHE HEotA=0, 2 NMn
1OHH HOOHE OISRE -0t 8HE, STS304 2| = K-316L 2A0IHE
=

LHEHHCEH, 20 Mn 282t

-

==l
-/ O

Ni
=

ol
ANESIRCH, 2B0HE &
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%

weight,
0.003

(%)
=22
43
38

Elastic Modulus

0.012

Ni
4.0-8.0
63.4
12.7

712
560

(MPa)
=660

2.4
1.20

Mn

18-24
Tensile Strength

Si
0.65

(MPa)
> 400
440
420

Yield Strength

C
0.25
0.01
0.03

PT-400HM
DW-N709SP
K-316LT
Materials
PT-400HM
DW-N709SP
K-316LT

Materials
Table 2.5 Mechanical properties of welding consumables.

Table 2.4 Chemical compositions of welding consumables.
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el AHOIXS HEE= Table 2.6t 2L, FCA-12 SM2E 25 AEIQ HOIXZ
HOIXI Z0l= 1 mm, =2 0.7 mmZ HOIA X+== 4.50, H&2 120Q OILCt.

Fig. 2.4 Location of strain gauge attachment

Fig. 2.5 Residual stress measurement after cutting
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Mechanical properties

Mechanical properties
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(a) H-Mn material properties
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(b) 9%Ni material properties
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Fig. 2.9 Temperature distribution per simulation time after welding
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Fig. 2.10 Welding residual stress distribution on oy, oy from

30 mm
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Table 3.1 Mechanical properties of cryogenic materials analyzed by FEM.

) i . Thermal
Yield Tensile Elastic -
' Strength Strength Modu lus Coe???g?gé??1oﬁ Poisson's
Materials [MPa] [MPa] [GPa] m/(mC)] Ratio
o5C | 165 | 25%C | —165°C | 25°%C | —165°C | 25C | -165C
HWn | 432 | 773 | 876 | 1313 | 175 | 186 9 5 0.27
\',*V;“{'g 400 | 716 | 812 | 1216 | 175 | 186 9 5 0.27
NI | 714 | 928 | 820 | 1042 | 195 | 205 14 8 0.29
\E/)\l(/e’}lclj 448 | 528 | 820 | 1042 | 195 | 205 14 8 0.29
SUS304 | 275 | 432 | 668 | 1527 | 201 | 214 16 2.5 0.3
swg?gzt 320 | 502 | 570 | 1302 | 370 | 214 16 12.5 0.3
DR, 9% Ni 2, STS3049 20 2 UWEH A= Fig. 3.59 20, LB
Has USA= 20 B M2 W20 MO 2HSE 2o 250 02
WEHAS A2(25C)HAS Al Ol MY =1 STS304, 9%Ni 2, DM 2 =92 LIE
CICH 250 2 QWEHAS Al LS HAS DE 2HRE 2= AKX LD
¢ sk 2 oF =JhetCt
30
BT S
£20 ¢
CP L
215 + STS304 _—
w21
. s
O 1
5 L H-Mn
0 | | | | | | | I
200 -150 -100 50 0 50

Temperature, (T)

Fig. 3.5 Coefficient of thermal expansion distribution on temperature of H-Mn,
9%Ni, STS, Al
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CEHO JAT 22 el SH0tH 2l S OISl Z-EH =2 XH0lol
MctA HEL = 201 M2 EetM 75 SUE ZHAIA 2 SEsS 2HAZE Jisd

Unit : mm

2,800

8.500

Fig. 4.1 C-type LNG storage tank

Fig. 4.20l 2 H30M ole HACZ ol DM STSHIOIZDF ¢ZE s 8
22 LIEIYHeH, &M NG M& 430 A O mm 20| 250 mm XIZ=2] 10 Mn 20
XE 106 mm 2t 78 mm 2 STSHIO|Z D} HEt=l RESS HEHGISCE.
Unit - mm

250

1200
Fig. 4.2 Detail modeling of welding connection between cryogenic steel plate and
STS pipe
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LS, Fig. 4.30= €432 IOlEo &HEsS s A M= LIEIWO. &3 H&
of Al=2E 22l SHe= 12 mm, IIOIZES] SHE 12 mmOICH., &3 MOIZo M
2 90 jHdez HHE 2&= 35° 2 o, 282 OolZ 1, mMolZ2 =2z
2t 3Pass & 2 20N XEtst AlgEHN) S2X2HoZ NNHGHACH
Unit : mm
Cryvogenic Steel
(H-Hn, TMi. SIS)
1 12
IE - A
pid
3
5 -
Pipe(STS)

Fig. 4.3 Welding joint configuration and welding sequence

8 Z2ANA= FCAWE XESolU2l, dAMet S8X2d2 282 Table 2.3 &
Ch. &X NG M&E HAXNE Al MEEXHE &2 EZXH2z ZEAYH EHl4ds =
AolRH, EE = ING2 SS0l HE Ol SER0UHA 25 Xl 2loiAd Zlots=
SEdsE BEotJ ot &M NG &2 =85 20822 JtEolH 209 =9
Seh &, olE=S 1000 2 Masr Aoz Maotd, =20 sM22Z =Xl HE
b g 20l CHEr oS Mo ALCH
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4.52 Z0| LIEFRCEH. THOIZ 12 LNG It SO0t WOl=Z2tel0lM, moIZ 2 = LNG
Jb Lk= [ AFEot= TOIZetQIoITh. D Mn & §832 A=W A Ol SER2 It
Ol 1, MOIZ 22 o,at2 212 456 MPa, 431 MPa =2 E==S=2| 106%, 100% 8=
Ch. O%Ni Z2 &= SEHZ 572 MPa, 547 MPa 2 =S| 86%, 82%= LA LIRULCH
SHE2 263 MPa, 247 WPa =2 =322 96%, 90%= LS &AL

3

STS304 o &= 3
E 25 F/LS ZE8 HAZOA s=s82s xllole 2 o1& S0 SZJAXCH, 1
Mn O Z2R0l= 22290 x| 106% ALo 202 ING HEHFO X200 AM=
OlAS HA0 =52 Zcte S0 2Me &= JA2H, X2 MAHlde 22 2
OIXIX RE Ho2 THHEICH SN2, 8 A2 S20| 2EoIHA 2AH0| HE0te=
22 WYo EH0| SototBz Y30 &Sot= ots2 1es XNl HED;
Qe
800

';,;Bm I ®H-Mn ox o i “HMn oy
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o I ®SIS ox e I ® SIS oy

. 600 | A ’ 600 |

€3] L 73] B
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2200 | g0 M ®
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(a) welding residual stress on oy (b) welding residual stress on o,

Fig. 4.5 Welding residual stress on oy, Oy analyzed by FEM
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(a) stress distribution on oy, o, after 1000 cycles at HAZ of H-Mn
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<9% Ni + STS>
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(b) stress distribution on oy, o, after 1000 cycles at HAZ of 9%Ni
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(c) stress distribution on oy, o, after 1000 cycles at HAZ of STS
Fig. 4.6 Stress distribution on oy, oy after 1000 cycles at HAZ
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