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ABSTRACT

The Study on the Weldability of Laser—Arc Hybrid
Welds in 9% Ni Steel For LNG TANK

Kim Dong Choon

Advisor : Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining
Science Engineering,

Graduate School of Chosun University

Recently, the world is suffering from the rapid change of the earth
due to environmental pollution. Various policies and regulations have
been made to prevent global climate change, and environmental concerns
are growing ever more. In accordance with this, many organizations such
as IMO are strengthening more specific regulations and policies on
marine environmental pollution. In particular, IMO should tighten
regulations on the emission of marine vessels. In order to meet these

regulations, marine vessels should be equipped with scrubber
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installations, low-sulfur oil, and LNG propulsion.

There are 9% nickel, STS, AL alloys and high Mn which are the raw
materials of dual LNG propulsion line tanks. 9% Nickel steel is one of
the materials that exhibits unstable welding conditions such as unique
magnetization phenomena and high temperature and low temperature
cracks. However, it has low temperature toughness compared to other
materials and has suitable physical properties for low temperature
tank. In order to overcome the disadvantages of this welding, we try to
compare the mechanical properties of FCAW(Flux core arc welding)

welding by 9% nickel steel welding by Laser arc hybrid welding.

9% Nickel steel, 12KW CO, Laser Welding machine is equipped with arc,
wire uses H company to apply various parameters such as arc current,
voltage, I-butt gap, travel speed, etc. to find suitable conditions for
Laser arc welding and found that the best welding conditions were found
at the speed of 12KN 250A, 25V, and 0.625m /min by conducting and
finding laser welding quality evaluate according to UN 1S013919-1
Mechanical performance evaluation of Laser-arc hybrid welds showed a
tensile strength of about 719 MPa. The impact strength of the weld
portion of the laser arc hybrid shows a value of about 10 J higher than
that of the FCAW weld at about 116 J.

Therefore, it was possible to obtain a sounder weldability than FCAW at
the time of Co2 laser-GMA hybrid welds to 9% nickel steel, and
additionally apply 1 pass in comparison with the one applied for 5 pass
or more at FCAW welding. It can be considered that the improvement of

productivity at the time of on-site application can be obtained.
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Fig 1.1 Schematics of laser—arc hybrid welds

_5_

Collection @ chosun



Ol OHolf E¥E4, & 2cld

2tHlE2 S= HIWotH Table 1.1 2 LIEHLHRULCE.

Table. 1.1 Comparision of arc welding , laser welding , laser—arc hybrid

welds
Arc welds Laser welds Hybrid welds
Fusion zone Wide Narrow Wide
Gap bridging Good Poor Good
Heat input High Low Low
Residual stress )
and distortion Hian Low Low
Welding speed Low High Relatively high
Productivity Low High High
Cool rate Low High Relatively high
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Table 1.2 Vibration mode of CO, molecule

Hadz2c HOZARZE
i =2=25C .
MODE (Symmetric ) (Asymmetric
. (Bending Mode) .
STretching Mode) STretching Mode)
EtA AT AR, & AR A S O MART

e ESA-MAKAT HE BiOHEtEF OlS-2 At 2SS - AR

s 2l A EH 2=
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1.3 LNG &3 H& A2 S4

1.3.1 LNG &3 &&

a9 DFEA INGHEE M= Nada & Kot 22 A8E U, =2 A4

J

D Ye A2 =2 AAMAOZ Figure 1.3 22 dAalg 2t =0

Outer tank Insulation PC Bulwark Concrete Pit
layer

Inner tank Bulwark

Gras

Liguid

(a) Double wall type (b) PCBulwark type (c) Pit in type

Fig 1.3 The type of on—-land LNG storage tank
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2 AR0ME 9% UZZ 18 2UIl & (butt weld)22 SR AHEHR20
= X 200mm(L) X 200mm(W) 2| 9% LIZZE (0. ¢l

2} )
-GMAW St0IEclE E8 = 2 AIoHRULE. Table 2.1 0l 9% LIZZ0I CHE 42X &4

Table. 2.1 The typical chemical composition of 9% nickel steel

Material Element (Maximum weight%)
Al loy C Sl Mn S P Ni Cr Fe
) 0.15- 8.00-
9% Ni 0.13 1.00 0.040 | 0.035 - Bal
0.35 10.00

MEE 240l0{= HAF2l CMT-08  CODE AWS A 5.14 ERNiMo-8 , JIS Z3334

) EN 150182274 Ni1008(NiMoi9WCr) Ol12, CI&BAE 725 MPa

HAME 38% , SAXI(-196C) 176 kaf -m  OICH. A0l CHE H=2 OfeH
e

ol

Table. 2.2 The typical chemical composition of wire

C Si Mn P S Ni Cr Mo Cu W

0.014 | 0.012 | 0.01 0.002 | 0.001 70.2 2.0 19.4 0.01 2.62

_’]7_
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N
N
N
0K
1)
vl
Y
He
0
o

2 HA7RE -5t <o 9% LIZ2Z0 CHoH & S 12mm(t) 0l CHGH 24101 X -0t
3 ololEelE 282 ZAlGHUL. dIOIMd E&EJl= SLTALl 12KN CO. cll0lX
ZHIE AIZotR2H, 03 E&EJl= =48 WA2l 500A= GMAW HHIE S8t At
ZotACt. Fig 2.1 Ol CO, cllOIX-GMA ot0IECIE EEIIE LIEHLHALCE.

Fig. 2.1 Experimental setup for CO, laser—GMA hybrid welding system
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1) EE33 H2= dI0IMH =& 250mm, CIZHAZ -2mm, ALSE 2SItA
& He 65%, Ar 32%, Co. 3% 2 SE2 204 /Min, dlOIXM et O AOISl Hels
18mm, A0l =&2Z0l= 3mm, 0l32 EX2E= 45°, d0IH &2
12kw OICH. B& Z&Fol= B2 #2 0~1mm, 01Ss=&Z= 0.5 m/min~1.0
m/min , 8F= 220A~280A , M2 22V~28VOI A XIEHSILCH. SHI3E H=a
Ol CHet LH=& Table 2.301 LIEHLHRULCE.

2) 21X EEZXAS Qo HHHIE, BHIE SOl CHeE A2ZAME A AISHACH
EYFO HtH AIE2 EN IS0 13919-1 A0 2/HotH SEEIIE &Alct
BIEESHES A=20tA20, 720 LEIE level O] Mt SEHYCEZ HES A
S RO0DIH Ag= MG

Table. 2.3 Welding conditions for experiments
Welding condition Values
O =H 250 mm
CIZHA -2 mm
B3ItA He 65%, Ar 32%, Co2 3%
=& 20 L / Min
Ol ot H el 18 mm
201l =£Z0| 3 mm
EXI2 45 °
diold &= 12kw
A O~ 1 mm
olss& 0.5 M/min ~ 1.0 M/min
HF /&Y 220A ~ 280A / 22V ~ 28V

Collection @ chosun
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2.3 B8R JIAHXE |4 EIt

2.3.1 1S0 13919-10l E S& &t

8oz 9 28t

0&

It

X, 2 ZAER BHE AEHES S0
g 9 ot

ot Z0oIsEC2 EEAE gas 12 Bt

ol

Ct. clold &2

bead 2 bottom bead2 =& HES level Ol FXlotes XE THEBIACEH.
EN 1SO 13919-12 &EIJI&O0ILI dIOIM B2 AIE0tH &S Joint 2 2EE2
IOISl= JHOIE OICH. O] O D=2 2= J|=0) 2ol =20 ©2t B, D

£ Eitg = UL 0l 220l oAM= Table 2.401 LIEHH UL,

Table. 2.4 EN 1SO 13919-1 Bead quality level

Level symbol Quality level
D Moderate
C Inermediate
B Stringent
EN ISO 13919-1 Off LtEtt 2H e J[&E0l &= EIF HIE & SUHM S22
=X FEHO| Jtsgt HIE gas HoF 40 & table 2.5 Ol LIEFHLHRAUCH. EF
BIE S&t 9 HEN LUEtUese FHE g4 IS0 DA S8t =28
2, ooz, E8g =0, 28 =, SN 2Y, FER g2, o =EXE
sz JlEez FEoALH
-0 -
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Table. 2.5 EN 1SO 13919-1 Quality levels for imperfections

Collection @ chosun

\ Imper fect ion, Limits for imperfections for quality levels
0 . .
designation moderate D intermediate C Stringent B
h1<0.15s or
Incomplete : " imm, whichever : :
1 penetration < _ is the smaller not permitted not permitted
5
i h=<0.15t or h=<0.1t or
: ; ; h=<0.05t or
Imm, whichever | 0.5mm, whichever :
2 Undercut b is the smaller is the smaller Oigml{lhewg‘gfﬂ?g?r
S h=<0.2mm+0.3t h<0.2mm+0.2t h<0.2mm+0. 15t
3 | Excess weld | | / | | whiche Smin, . or o, or 5mm,
metal . whichever is the | whichever is the whichever is the
smal ler smal ler smal ler
h=0.2mmt0.3t or | N=0.2MM0.2L 1 h<g opneo. 15t
Excessive < 5mm, whichever i 0y or 5mm,
4 penetration . is the smaller whichever is the whichever is the
smaller smaller
5 h=<0.3t or 1mm, h=0.2t or h<0 1t or
5 Incompletely | T i | whichever is the | 0.5mm, whichever 0.5mm. whichever
filled groove | * smal ler is the smaller : )
,_m is the smaller
Root h=<0.3t h=<0.2t or h<0. 1t
6 concavi ty i /%' {\\\\ ¢ which%rve1rmmi’s the whicohre\f)e'rf)mims’ the or 0.5mm,
Shinkage whichever is the
aroove CoTrrr— smal ler smal ler smal ler
h<0.25t or 3mm h<0.15t or 2mm
7 Linear i , Whichever is , Whichever is vqrﬁgh;\t/e(r)rigm[?hé
misalignment | ° the smaller the smaller smal ler
- 2'] -




el ABEHOZ JIHAES A6 ol IACS W28 Test Sampling #H0 U=
F

S
N
N
=
ro
03
1>
02
(188
Qo
>_

Y I o

T1 Transverse tensile test

Longitudinal tensile test

Charpy W-notch impact test
{notch in weld metal)

; - ]
[notch in HAZ) E:___
P e e

[ P Roctbandest

TE Transverse ensbe test

Fig. 2.2 Specimen for destructive Test
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or 2 side bend test

[ 1 or 2 side bend test
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2.3.3 &3

M2 It

ANE

Jl <Iote AAlE=

ANEHEOl Tty & XS &= HNUHXE ?6tH S2AX(Impact value)
OlNE =14 &2 A4 F&=2 ot ULt

ANE gdEHezN &2 &, 52 2=, 52 &, =2 HEE

OO OI=SUA AFZ2I AIHEHOl A& UCH. =2 SA0

HE AIEUHA 20X= A S0 22otH AE 28, AEHE

Ot a2 2=l &2 & AMEldsE nAS 0tEdtd A"

ot HES Yoz SAAMNES Aot SZEXE 20 UL

Collection @ chosun

20 All= MEgs

Fig. 2.3 Equipment for impact test
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60

KO

ol

wr
00

ol
3
Kt

Rl
70

KJ

=50l

ASTM E8/8M)=2

(Tensile Test,

A&
(Tensile Stress)0l CH

= YJl= &0l Lottt &

t= HOICH

Jte

o
i

Ju
ot

%

ioll
00
=

ool AMELZ MAEAZOO0F 8Lk, 0l

o| =
AN

A
e

ioll
%0
KIr

11

A Hel

o

(Area

A==
T::EE

o o

st= X (Yield stress),

OICH.

t=(Tensile strength),

el

=
S

reduction ratio), ®&IE(Elongation)

Fig. 2.4 Equipment for tensile test

_24_

(*ICollection @ chosun



I =H

HA

0

ot

A Of

I
[y

IZAIE2 Al

(0]
[y

Jn

0l
Bl
0

_25_

Fig. 2.5 Stress—strain curve
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CO. cilOIXM-GMAW Gtol=el
Sd= mtetotol 2ok ol S otALH. AIZE2 12m FMe 9% Ni Steel
200mm(W) X 180mm(L)=2 &= Ol 200mm Z0IZ&22 HAISl S H2E E& 20|
02 0l80oll ololEclE EES AAlGAL. EE Al 2 gHaEsS 2ot 2ol

=

PlateE w=oli== XIS &XIoHACH. Fig 3.101 X2 £X &&= UEHUHRULCE.

0
Ikl
nio
o
00

ol

.

3.1 E83d B0l HE sS4
= b 9% Ni Steel ° Ci) 87 =Y
A

Fig. 3.1 Prevention device of laser-arc hybrid welding deformation
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3.1.1 HIE 2 Z:0IE(BOP) EEF

CO. cllOIM-GMAN oStolEelE E&E =S 0188 9% Ni Steel 2 &Il 2

Sd= Weot)l ol oibl &&= ot

>
T o

rd
1010

12mm M2 9% Ni Steel 200mm(W) X 180mm(L)Z A% HES0H 200mm
Z CMT-08 2A0|0{E Ol20l ololBele ds A Aot L. €0, dIOIN
X

AW, 70 OE I =M, SESZ0H OE Zek, MM, [-BUTT JOINT GAP
O e ez AE86tH EN [S013919-1 Bead Quality level2 TOP BEADS
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I HFR0 OE S

HZol MHIII0 BiISIE =0 S0 s EN 1S013919-1 Bead Quality level
HIIE AHGILCE. M3 Hal= 220A, 250A, 300A 2 EH= =3 oI¥2H,
29 HetH & EXH HIER2 R2E HIE 42 2EOIRUCH. &
et EYd 3itz2 BHIE2 =01JF =0t 20, dF HHato 2 HSEA
OtcH Table 3.101 LIEHLHRUCE.

0&

SH
=
=

i

2

ro

Table. 3.1 The effect of current on bead profiles in laser-arc hybrid

welds
220A 250A 300A

Welding
current

Top
bead

Bottom
bead

_28_
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r

Lt. OISEZ0 OE &

Ol B3lE = 2
3t= 0.5m/min , Im/min @2 &S £d SIF2OH, 0ls=

SE 2 HIEE &0 CHoll =el ofRACH.

Table 3.201 LIEFLHRACE.
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Table. 3.2 The effect of travel speed on bead profiles in laser-arc
hybrid welds

Travel

0.5m/min 1.0m/min

speed

Top
bead

Bottom
bead

Cross
section

_30_
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Ct. GapOil & &

diolM E2EUHM= I-butt SEOUAM Joint Gap=2 OmmE St 2R 2 XHARO|
HAS FAGIH 2FES A AISHCH. dI0IMH-0t3 GI0IERIE 28 OlAd=s 2A0HE
Aot EEs Gap2 HESH HIE EAl = LIEILHAJCEH. HE st

Gap=S D] ol Fig 3.3(a) 0~2mmAHKl AP 2 29| Gap

Ol

IR
ro

=

oo

|O

3, 2 Agotn, dolM
SHZAHIN =6t Gap?! Fig 3.3(b) Omm, 2l 0~2mm A& F2H0A JIE £E2
HEEZE LIEtL  imm R2HS &0l 6t Gap Fig 3.3(c) 1mm AEES XSHHLCE.

Imel LSt GapH M EES AMEOIIFS M EN 1S013919-1 Bead Quality Level
OlA B GradeZ HZAESH HIEII EAHZIRUCH. Table 3.30 Gapll BistHl THE BIE
HAZ LIEHLHRACE.

Table. 3.3 Top bead and bottom bead view with gap in laser—-arc hybrid

welds

Gap (a) Gap O~ 2mm (b) Gap Omm (c) Gap 1mm

Top
bead

Bottom
bead

_31_
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dlOlM-0t3 stolEelE EEAl 872, 0155k, =S A48 B2 o0 olidl
Ags ddst =, MALdES Dot 0 & JtE 2 g8 F= 01830 #
stE FACH. ©X 0.5m/min ,1.0m/min ,1.5m/min2 3JtXl Ol&EXE=2 &S &
SHOLALCEH. 222l AIEES EN SO 13919-101 UtEHE BOter= A0 et ol
cE o =

Gz, 6dll, s=28EY, I, 0RY S= EIotATH Table 3.40i
jun

ol & 2= &d=s0lA XA S5 BE UEtUW=E AIE0 U2X 20t BSZ0l
diEez %ol L2 2 ot 0.575m/min , 0.625m/min , 0.75m/min<l
3Kl OIS =2 s MHGHRCH el 22 AgHsS 22t SLoHH EN
ISO 13919-10i LtEtEr X240 et SEEILE ofRUCt. Table 3.501 5& X2
S=5 LIEHUHRALCH

A AlE FO0A 9% LIZZ d0INH-0I3 dlolEelE SEASENM dF 250A
Gap Tmm , OIS 0.625 m/min 2 XH0AM 2= EII &S0A B S== &=
= UALCH
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Table. 3.4 Evaluation of quality levels in laser-arc hybrid welds with travel speed
by EN 1SO 13919-1

Travel Speed 0.5m/mim 1.0m/mim 1.5m/mim

O e i <4 13

Top Bead

Bottom Bead
Cont inuous | N(mm) mm Omm Omm
undercut | |gvel B B B
h(mm) h:4mm ) )
Excess b(mm) b:15mm
weld metal Level D 0 0
Excessive | h(mm) 4mm —2mm -3mm
penetration| |eve| D 0 0
h(mm) Omm Omm Omm
Cracks
Level B B B
Incomplete | h(mm) X 2mm Amm
penetration| |gye| D 0 0
Linear h(mm) 2mm Tmm Omm
misal ignment Level B B B
- 33 -
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Table. 3.5 Evaluation of quality levels in laser-arc hybrid welds with travel speed
by EN 1SO 13919-1

Travel speed

0.575m/mim

0.625m/mim

0.75m/mim

Top bead

Bottom bead

Cont inuous | N(mm) mm Omm omm
undercut | |gvel B B B
h(mm) h:4mm h:2mm .
Excess | b(mm) b: 15mm b 3mm
weld metal Level D 5 0
Excessive | h(mm) 4mm 2mm —3mm
penetration| |eve| D B 0
h(mm) Omm Omm Omm
Cracks
Level B B B
Incomplete | N(mm) X Omm 3mm
penetration| |gye| D B 0
Linear h(mm) mm Omm Omm
misal ignment Level B B B
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3.1.2 %Wl =&

& ZHOUAM 9% Ni Steel2 C0. HIOIXH-GMAW GtOIECIE E2E 22 HALSl CMT-08
OIHE 0IEotH Jt&E Etgs ZZXAHS = O =

&% TOP HIES2H BOTTOM HIEE EN ISO 13919-1 Quality LEVELOI =2
Hotod OtotRlCt 0l & 8& 0I33% 0.625 m/mindt Gap 1mmOl A CHEE &AM E

2AlotACnH, 8

& 055 0.625 m/min, Gap 1mm , 250A

J |[EEHO2 12mm SIS 9% Ni Steel 400mm(W) X 500mm(L)
2 A2 TOHN 500mm Z0|8tsEo 2 HAFSl CMT-08 2A0I|HE Ol=aol dtoleclt =
x~

Fig. 3.2 Laser-arc hybrid welded specimen for destructive test
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3.2 823 (Laser-arc hybrid welding and FCAW)E DJ|HA

3.2.1 EAANE
IOl H-0t=2 BI0IECIE =& AlgH) ot 2% -196TCUHA S2EAIEES A
IAANEHZ Otell Fig.3.30 LIEFLHALCE.

l"\ﬂ HA

Fig. 3.3 Impact test specimen

0

ot &

£
oo
Mo
S|
Ok
n
=
g
o
(@3]
MO
O
e
iy
>
HU
C
S
=
W
©
(0]
c
=2

22249 =A
AN AMEsS XEsIH EX0UHXKE =™eCH, JF2% AIEH 2mmel V-notchE Weld
metal, Fusion line, Fusion line +2mm, Fusion line +5mm < X0l =
Ct. Table 3.62 dIOINH-0t3 dtoIBCIE &2 SAHHAE Z1t gt

Ct. 2 Z2&2 87 116J 0lasS &#28 = JJULH

m kJ
I
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Table. 3.6 Charpy impact test result of laser—arc hybrid welds

Test Absorbed energy(J) Notch

temp. Avg. J 2mm vV

(€) 1 2 3 Avg. Secimen size Test location

-196C 113 114 115 14 10x5 Weld metal

-196C 113 115 116 15 10x5 Fusion line

-196C 115 116 17 16 10x5 F +2mm

-196C 119 120 121 120 10x5 F +5mm

JIE % LIZZS SHADNHOZEE AMEHN CHet =22 d0IH-0t3 ot
OlECIE 8822 U2 8BS HlWotALt., Otell Table 3.70lA SIHAI &
SHNAN SAX Bgts Hlwote LIEHWRACEH. 1ACS W2BUA= =H2 22 Weld
Metal 2l Impact Strength R+ gt2 100J OI&4SZ Kot JU2H, dO0INM-0t=2
otolEclE EERII SHAIDN0IE SRS SAXEL & 100 B =H UE
g2 & = UL,

Table. 3.7 Comparison of arc—laser hybrid welds & FCAW charpy impact test result

Process Flux core arc welding Arc laser hybrid welding
1 108 1 115
Eneray(J) 2 104 2 116
o 3 106 3 17
avg. 106 avg. 116
- 37 -
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3.2.3 AEHAIE

dlOIM-0t3 StoIEelE SBHRU CHEt

QIZAIE S Fig.3.4 It 20| JtZ& Al

Fig. 3.4 Tensile strength test specimen

dlOIM-0t3 StoIE2IE S22 s AT QAHAY AMERAZ 25mm(It
2) X 7nm(M=Z)0ICt. A& Z20 S e AEH 25 EYSEH20UM IHE DAL
)

ot gt2 Otel Table 3.801

Table. 3.8 Tensile strength result of laser—arc hybrid welds

Tensile test
Test NO. || Specimen size(mm) Ultimate Failure
Area(mm) T.S(MPa) )
" ; total load(N) location&type

Weld metal

T-1 25.07 7.03 176.24 127069 721 )
(Ductile)
Weld metal

T-2 25.00 6.96 174.00 124758 717 .
(Ductile)

_38_
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Ct. Fig 3.401

C SEE0 ULt
HADOIZSEZEL cloIM-0t3 otolEelE SE0l e AEAIEY Z X
(ASTM 9% Nickel )<

Tensile Strength 2722 690~830 Mpa = BHEES &0

719
706 .
Flux core arc welding

. Laser arc hybrid welds

Fig. 3.4 Comparison of tensile strength in laser—arc hybrid welds and FCAW

welds
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51

A= 9% LIZZ0l CH
{of OIOI CH

51

1) 9% L2 (12mm, SMH) 0l Co. clOIM-GMA GHOIERIE & Al
dlOIM-0t32t HHel

IS
He 65% + Ar 32% + Co. 3% ,
EN I1SO 13919-1 cllOINM &

HE=0l ) Jt

12KW, CIEZHA -2mm,
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N o
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14}
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=
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Ol= J1& FCAN E&
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