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

Graduate School of Chosun University

Recently, Due to the gas resources and shale gas resources
development such as shipbuilding and shipping industry demand for
LNG market is steadily increasing.

In addition, Green—ship demand has increased because IMO strongly
regulated ship exhaust gas regulations. Hence high—efficiency, electric
propulsion, Green ship-related research has expanded. Because LNG
propulsion ship is rated as the most realistic alternative, demand has
been gradually increased. In the future, demand of the LNG cargo and
LNG Tank is expected to increase significantly.

The material used in LNG cargo and fuel tank must keep excellent
ductile characteristics under the cryogenic environment, down to -163C,
in order to avoid the sudden catastrophic brittle fracture during the
operation condition. STS, Ni steel and Al alloy used in LNG tank has a
excellent cryogenic properties. Currently, High Manganese steel is
considered to be alternative material. The conventional alloy steel are
expensive because of high Ni content. On the other hand, austenitic
High Manganese steel have the advantage of low cost and high vyield
strength because of high Mn content.

In this study, the world's first 3t 18% High Manganese for adoption of
LNG tank were carried out by FCAW. High Manganese with 3mm

— \/| —
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thickness is used for this study as base metal. The optimum welding
parameters were voltage, ampere, shielding gas, flow rate, C.T.W.D and
welding speed. The detailed parameters are as follows. Voltage : 25V,
Ampere @ 170~180A, Shielding gas : Ar and CO., mixture gas, Flow rate
: 20¢/min, C.T.W.D : 17~18mm, Welding speed : 34.3cm/min.

The weldability was evaluated in terms of mechanical and metallurgical
characteristic. The average yield and tensile strength of the FCA welded
joints was 385.6 MPa and 598 MPa, which is approximately 91% and
63.2% of base metal. The fracture occurred in welded joints after
tensile test. The Vickers hardness were found about 269HV for base
metal, and 153HV for welded joints. The fracture occurred in welded
joints.

Welded joints quality was evaluated according to ISO 5817(Undercut,
Excess weld metal, Excess penetration, Incorrect weld toe, Overlap,
Linear misalignment). The result for estimate welded joints could be

obtained quality level for stringent(B).

- VIl -
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Fig. 2.4 Configuration and dimension of test specimen (19mm)
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Al 2t8e HEd I TIX e 3 RIMH 2d 0lTHHE AHEHZ
Ct. [ctA OlEHHIESl AIHEH 2SS ZRI6H)| folA dAHEEL =

HHES HEGHH WM ?0 2= AH 2HSEFS =0/2X SHALCH

>

o S$EH0lMe =H0M2EE JHNH, Ol LiEtLi= SetE st Ot 32 elof AN
BHEOl 21, & & 25 52 2Hot 2A4sL. 280 =S, Ar 2%0A It

Table 2.42t Table 2.501 3t & 19t D&2t22 EHX2HS UEHHJALH. Table
o ¢ A

2.62 19t DY2t20] & B0l 20|

Table. 2.2 Heat input for welding parameters

Current(A) Voltage(V) Tr?(\:/renl/;pi):)ed H?ét/;r;rﬁ))ut
160 25 34 7.05kJ/cm
170 25 34 7.50kJ/cm
180 25 34 7.94kJ/cm
190 25 34 8.38kJ/cm
200 25 34 8.82kd/cm
210 25 34 9.26kd/cm
220 25 34 9.70kJ/cm

— 14 -
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Table. 2.3 KR rules and regulations

Thickness (mm)

Shape of joint

Dimension (mm)

| |
g

t=3

S=1~3

Table. 2.4 Welding parameters of FCAW (3mm)

FCAW

Welding parameter Values
Position 1G
No. of Weld Runs 1
Voltage(V) 23~25
Current(A) 150~220

Shielding Gas(£/min)

Ar: CO, =8 : 2

Torch Angle(deg) 75
Welding Speed(cm/min) 32~36
Gap size(mm) 1~3
Groove Angle(deg) 0, 40
C.T.W.D(mm) 15~20

Backing material

ceramic material

_15_
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Table. 2.5 Welding parameters of FCAW (19mm)

Welding parameter Values
Position 2G
No. of Weld Runs 23
Voltage(V) 28
Current(A) 190~200
Shielding Gas(£/min) Ar: CO, =8:2
FCAW
Torch Angle(deg) 75
Welding Speed(cm/min) 33~40
Gap size(mm) 3
Bevel Angle(deg) 45
Backing material ceramic material

Table. 2.6 Welding parameters of specimen for wire and shielding gas (19mm)

Case Wire Shielding Gas(£/min)
2G - Casel 1.2 slag flux cored wire 100%CQO. (20£/min)
2G - Case? 1.20 metal flux cored wire 100%C0O. (20£/min)
2G - Cased 1.2 slag flux cored wire Ar+20%C0O, (20£/min)

— 16 —
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B3 & SFR NN ¥ 248N S5 B
3.1 2&8% 4580t € 0lAMZA S4
3.1.1 HIE &4 EJ}
3t D2tz JHd 2t del 00 [HE FCA EEF2 HlE 41 &
DEGHD) £AHE HIES S4S Table. 3.101 UHEIH 6IIXNZ2ELZ, =2
(XS, 22, R =) EIIoIALH IHE 2 AIERH 1/3KE, 2/3X4H,
A & 48 HAGIRULH Hgxdes MY 25V, 8F 170~180A, 2=
Ar:CO, = 8:22 AIEoIRL] |2 20¢/min, C.T.W.D= 17~18mm, =&

E8=5= 34.3cm/min0OICt.

Table. 3.1 ISO 5817 Quality levels for imperfections

penetration

but max. 5mm

but max. 4mm

Imperfection Limits for imperfections for quality levels
designation Moderate(D) Intermediate(C) Stringent(B)
Short Short
Undercut imperfections: imperfections: Not permitted
h<0.2t h<0.1t
Excess h<=1mm+0.25b, | h<1mm+0.15b, | h<1mm+0.1b,
weld metal | but max. 10mm | but max. 7mm | but max. bmm
Excess h<1mm+0.6b h<1mm+0.3b h<=1mm+0.1b

but max. 3mm

Incorrect

misalignment

but max. 5mm

but max. 4mm

a=90° a=110° a=150°
weld toe
Overlap h<0.2b Not permitted Not permitted
Linear h=<0.25t, h=<0.15t, h<0.1t,

but max. 3mm

Collection @ chosun
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3.1.3 o1& &

HE 2ot o Bt HE SER2 AT TE EItot)| ?loil Fig. 3.100 U

EtH INSTRONAE UTM-100& AIZJIE AtE0IRULE.

2 AIEEHE2 ASTM E8M-04 A#20 21016t Transverse &&F 20l 21
OZ MFGIYULH. AME £T= cross—head =& =2 KSHA(KS B 0801 13-B)
Smm/secZ A HSIFLE Fig. 3.2= 19t DUHAUS FTHEH

ot 0.2
g dasS UHEHHASHM, Table. 3.200 AIE &2 RAS UEHHAULH

O INSTRON 2620-601
O Gauge length @ 12.5/25/50mm

O Full scale range : £5mm

O INSTRON IMT 8803
O Load capacity : = 500kN

O Frequency range : 0.001 ~ 50Hz
O Frequency range : 0~ 50Hz

Fig. 3.1 Tensile test equipment
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3 1w o
gl
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) SL

Fig. 3.2 Dimension of tensile test specimen (3mm and 19mm)

Table. 3.2 Configuration of tensile test specimen

ltem W L P R T B SL
3t 12.5mm | 50mm | 57mm | 12.5mm | 3mm 20mm | 200mm
19t 25mm 80mm | 95mm 26mm 19mm | 35mm | 350mm
O W : Width O L : Gauge length
val O P : Length of reduced section O R : Radius of fillet
alues
O T : Thickness O B : Width of grip section
O SL : Over-all length

_20_
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Ol LIEHH 500KN Z &2 INSTRONAL IMT 8803 =& ZAIE HXIE AZ0Y
1 SEHl R=0.12 ol= KO0 ottt S8 A= 200~500MPa, ot& = £k
& 55Hz el HI2st== 1x107cycle2 & 2oL

Iz AMEEHE2 ASTM E466 =730 2/ HGHH Transverse &k, 2

AOZ THF oL

C
Table. 3.4= &A&=X

W R0l
2E #HIESE

L L

Collection @ chosun

o
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Fig. 3.42 Table. 3.30l AI®H2 =3 L XI+=E LIEILHALCH
A= LHEFLHRACE.

ot H™H & O|HHIEE HIHS V-groove SE R0 Oist Iz

FAT 1128 HE0otRUC

Fig. 3.3 Fatigue test equipment

_21_



T

i

7 -

A Tw m[
—/—‘_ i i

SL

Fig. 3.4 Dimension of fatigue test specimen (3mm)

Table. 3.3 Configuration of fatigue test specimen

ltem wW P R T B SL
8mm 16mm 64mm 3mm 20mm |160.11mm
Values O W : Width O T : Thickness
O P : Length of reduced section O R : Radius of fillet
O SL : Over-all length O B : Width of grip section
Table. 3.4 Fatigue test condition for dissimilar materials
) Control Load | Frequency
Materials Temperature Stress ratio
mode pattern (Hz)
High Mn steel
+
High Mn steel Load ) Sinusoidal
Ambient 0.1 55
STS304L control wave
+
STS304L
— 22 —
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3teh 19t DYHY U 3t STS304L BHLC o4 L Ja UMHTES S0l

Aot AL 500KN Z& 2| INSTRONAF IMT 8803

=& AIEEH2 KR rules M 28 ME 2 S&E HAIE S2EEX F
RB 130l 2/HGHH Transverse &k, 20| 21g Ao WO CH

(face) 2 S H(root) ZEIAES 238 AAIGIUCH Fig. 3.5= AgH®Ho

=)

>

unit: mm

R=1
\ T/ T2
|
200
(a) 3t bending specimen
[
l | I ] C J{l10
IL 3 R=1.5
i
i/ o 1
|
250

(b) 19t bending specimen

Fig. 3.5 Dimension of bending test specimen (3mm and 19mm)
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316 & &

3t DYt H AHQAA S5 SER0 HotH, 3
H AkashiAtel  HM-112 HIHAA &

OId, 136° THOIOt=E TL2HO0IE LXE ALEGHRULH = =S <

ECHE HO6t OIMA0F SHRULCH Nital 4% 2AHOZ 40~50sec
gt 20, SF100mI+HEISOIEALEE10g BAMOZ 3~5sec O
ALY,

dE =H XHE2 Table 3.50 LIEILHRULEH EEF ASRHHAH

CZEH 0.2mmAl

& o1.6mmXAE, 2.8mmAEUHAN 22dso=z 1.3mm 24222 6tE 0.2kgf, ot

i
)l
ol

SXAIZE 10secE E2EE FACEH.

hul

Fig. 3.6 Vickers hardness test scheme and equipment
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Table. 3.5 Hardness testing condition

Parameters Values
Type Micro vickers hardness tester
Load 0.2kof
Loading time 10sec
Test position Below 0.2, 1.6, 2.8mm from surface
— o5 -
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OI= 01 &L

3.1.7 OIAI =&
DIMER S4 DS 8™ Zowol OM0F 2 oa S0
FCAW 122 SXS= SHYSO $XO2 HOGIAUCH AHE #400, #800,
#1200, #1500, #2000, #4000 £O= S0}&t S0fl, Diamond paste 9, 3um, 1/mE
EN

Ol=otd OIMADH SHACH
, &52100ml + Bl E

Nital 4% SAHOZ 40~50sec HES AAE ZF, &
LIES10g BAIMOZ 3~Fsec HAS AAIGHSCE FAIEXISO0IZES 01260 OIAl
XX DEGHAC
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3t N2HAe RXMNEIAHE HFE = AUI| SHS A, B8R HIEH
AN EHHE 22 S42 DEGIYULCH Table. 3.80A 2X01 JH&=2 0°, 20|
Tmmg i EblE= tEEQl &S LIEtW XIS HIEHIE=E HEHE 0322 At
oA 200 22MZ20l OIFHAIX ZpALD, HELZ HES =0 &1 =%
Ct. 280l 1Tmm, 2mmg =4t Incorrect weld toe

Table. 3.90lM 2501 JH&EZ 40°, 22 1mm, 2mm¥ [ Excess weld metal
[D], [C] E3, Incorrect weld toes [C] SSS &olg &= JUJUCH 3mme O
MAESH 22!(Undercut, Excess weld metal, Excess penetration, Incorrect weld

toe, Overlap, Linear misalignment) 2 JI& OtA & HIEE LIEIWDH, & 20

HEt HISSAS 6JIX 2HOAM BIHE 23 18300 H2Es Y5 59
ATE BF 2E 2 & YAL
— 27 —
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Table. 3.6 Bead profiles of welds for groove angle(0°) in different gap size

Welding conditions
Bead a i
Groove ppearance Cross section
Gap
angle
0° imm
0° 2mm
0° 3mm

Table. 3.7 Bead profiles of welds for groove angle(40°) in different gap size

Welding conditions
B .
Groove ead appearance Cross section
Gap

angle

40° imm

40° 2mm

40° 3mm

_28_
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Table. 3.8 ISO 5817 Quality levels for imperfections (Groove 0°)

Groove 0° Case 1 Case 2 Case 3
) . Groove 0° Groove 0° Groove 0°
Welding condition
Gap 1mm Gap 2mm Gap 3mm
794mm. ;
Cross section
Continuous h(mm)
undercut Level (8] (8] (8]
h(mm) h=2.770 h=2.614 h=1.953
Excess b(mm) b=7.936 b=9.162 b=9.131
weld metal Level (D] (D] [C]
h(mm) h=1.161 h=1.086
. None
Excessive | b(mm) b=3.664 b=5.217
penetration Level (8] (8] (8]
Incorrect degree 109.605° 126.758° 147.642°
weld toe | | oy [D] [cl [c]
h(mm) h=0.112
None None
b(mm) b=0.139
Overlap
Level [B] [B] [Not permitted]
e h(mm) h=0.152 h=0.120 h=0.125
misalignment Lewe (8] (8] (8]

_29_
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Table. 3.9 ISO 5817 Quality levels

for imperfections(Groove 40°)

Groove 40° Case 4 Case 5 Case 6
) . Groove 40° Groove 40° Groove 40°
Welding condition
Gap 1mm Gap 2mm Gap 3mm
(A
Cross section T
.
Continuous h(mm) None None None
undercut Level (8] (8] (8]
h(mm) h=3.152 h=1.536 h=1.562
Excess b(mm) b=8.981 b=9.152 b=9.654
weld metal Level (D] (8] (8]
h(mm) h=0.482 h=1.038 h=1.385
Excessive | b(mm) b=0.943 b=4.683 b=6.361
penetration Level (8] (8] (8]
Incorrect degree 128.130° 145.368° 151.624°
weld toe | | gy [cl [cl [B]
L) None None None
b(mm)
Overlap
Level [B] [B] [B]
e h(mm) h=0.201 h=0.105 h=0.085
misalignment Lewe (8] (8] (8]
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Table. 3.10 Radiographic test for specimen (3mm)

VTN WA !% ¢

Bead appearance [o< 3 TR R SRRREINING R ST Al S i e i

LR TEST PIECE
RT

Top bead

Back bead

Table. 3.12 Radiographic test for specimen (19mm, 2G-Case?)

|| -t (i b i Wf?

Top bead tee

Back bead
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Table. 3.13 Radiographic test for specimen (19mm, 2G-Case3)

Bead appearance
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Fig. 3.7 Stress—Strain Curve of High Mn steel FCA Welds (3mm)
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Tensile Strength, MPa
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Fig. 3.9 Tensile strength of FCA Welds (3mm)

Table. 3.14 Tensile strength of FCA Welds (19mm)

Elongation, %

Direction

Y.S(MPa)

U.T.S(MPa)

Fracture

location

469

711

Weld metal

Transverse

491

689

Weld metal
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Fig. 3.12 Fractured specimen after High Mn steel tensile test (19mm)
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Table. 3.15 Fatigue test results (3mm)

High Mn steels + High Mn steels STS304L + STS304L
AG [MPa] Cycles to failure AG [MPa] Cycles to failure
(Nf) (Nf)
400 168,767 450 11,811
400 220,326 450 10,221
360 433,291 400 65,685
360 498,878 400 110,297
290 1,190,604 360 294,503
290 4,358,532 360 187,097
260 2,247,705 290 841,715
260 2,753,780 290 882,779
220 5,845,624 260 10,000,000
220 10,000,000 260 10,000,000
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Fig. 3.14 S—N Curve for High Mn steels
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Fig. 3.17 High Mn steel specimen after bending test (19mm)
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