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Figure 2-1 schematic diagram of SAW
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Table 2-1 Types of flux for carbon steel and low alloy steel

Chemical composition (wt.%)

Sio, Si0,+MnO+TiO, CaO+MgO Fe
50< - - Bal.
Fused Flux 55> - - Bal.
55> 60< 12-45 Bal.
- 50> 22< Bal.
- 50< - Bal.
Agglomerated - - 50> 10>
Flux - - 40-80 10>
- - 50> 15-60
- - 40-80 15-60




2.1.3 T FHol| E 744

ISO 5187 &0

Q7S AUCH WM Fig 22 1t

ol

HFAIZI7] ?lotA 17049, v i S22 HESIE e v Iid2 1 7hdof Bl

SEotEZ JjdE MESH=s HIE0| S7totA Lt

s HARCL

=]

&

lrun SAW 2| 4%

st

28 = Z¥

njo
A%

#0] #=xjel

vkl

=

FHol El HE st

TR 2|

FHo et 27

=R}
AFHE

—

—

MM ZEXH S=7H|
| VN
J o= 1 g
Square 7; \I } S
T
Bevel C b s
| & D
vV o= Nk b
-
4 C\ 1
C =
U .
v S0

Figure 2-2 Relationship between plate thickness and groove shape



Al

a1

oju

|

Ct. s. Shen Of LT}

t

et

=
—

=&0|

M St

A

o2 7HA|

of ot

St

7t

O ]

HSHRATHS-7].

o

o]
PN

| 2}0| E(AF, acicular ferrite)2|

XIALS
[=NoR

it

7ketar ofof

=
o

NHM=2l 2717t

2ol ek

7t

=
o

IR

ot

Haot@n AF2O] SHMEX| ] 422 O[0{HLf(8]. Viano LT

Jtot@tan olof et AF o A2 O|0{M el Af2I] SHHX|7t

=
o

HNr=ol A7|7t



Penetration, P (mm})

Weld Penetration (mm)

Figure 2-3 Relationship between penetration depth and Heat Input
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Table 2-2 Nominal Chemical Compositions of Fluxes (Weight Percent)

Weld metals Fluxes Cal;

WhM-1 F-1 05 5
WM-2 F-2 o) 10
WM-3 E-3 85 15
WM-4 F-4 80 20
WM-35 F-5 70 30
WM-6 F-6 6l 40)

Table 2-3 Chemical Compositions of WMs (Weight Percent)

Weld metals

Weld metal compositions

(51) 0

(M)

AMn

(O

WM-1
WM-2
WM-3
WM-4
WM-3
WM-6

'
(B

[ N

1.089
).091
).096
1101
1100

(
(
(
(
(
0.093

1.602
1.612
1.594
1.585
1.589
1.598

1003
1003
1003
1003
1003

(
(
(
(
(
0.003
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3 43 Y

3.1 Bead on Plate

Bead on Plate & HAISt7| I8 22mm FH 2| EHXY, 480 2o M=FES FH|SIF O O
2 M39| gt =S Table 3-1, Table 3-2 Off 2tz HE|siQCt EFZHS E8FYHRE
600A, 800A, 1000A Z ZFAHETE 50cm/min, 60cm/min 22 MM saw XS
AHstgon o|of ME ULHS Table 3-3 O HEI[SIIUL Table 3-4 Of E7Z|E A B, C

=82S O0|89%0] Bead on plate  THSIALH 0|2 ST a0 Wt A2,

B18, C16 2= ®7|SIRALE EHA9 2= FFo7| ?ld 8FE ZETHOA2H x o

Table 3-1 Chemical composition of plate

Chemical composition (wt.%)

cC M & P S AN G T C N MV P S Fe

015 16 03¢ 0046 0042 0013 0012 0012 0011 0011 0002 00001 0005 0004 Bal

Table 3-2 Chemical composition of wire

Chemical composition (wt.%)

C Si y P S

012 003 193 0016 0.009
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Table 3-3 Welding condition

Current | Voltage V:E'igg Heat input
(A) (V) (cm/min) (KJ/cm)
50 25.9
600 36
60 21.6
50 34.5
800 36
60 28.8
50 43.2
1000 36
60 36.0

Table 3-4 Chemical composition of flux

Chemical composition (wt.%)
MgO ALO; SO, Ca0 TO, MnO  Etc
A21 848 402 143 124 412 342 2055
B18 21.1 193 233 150 137 486 17.27
C16 245 164  20.2 18.5  4.01 0.02 19.28

Table 3-5 Chemical composition of weld metal

Chemical composition (wt.%)

Mn Si Ca Mg Al Cu Ti Cr Mo V 0 Fe
A21 013 14 038 000073 000023 0012 0026 0018 0011 00016 0018 0021 Bal
B18 009 14 034 000062 000035 0014 0024 0008 0012 00017 0017 0018 Bal
C16 0.12 2 016 000089 000024 0014 0015 0016 0014 00013 0001 0016 Bal

19



P
KIr
ol

alo

’

AA

=
=

Bead on plate

i

=22 2ot

O] A & Ot

microscopy) =

election

scanning

AR RFRA D] (SEM,

=
T

MEH7| 25t x4 2&=24 (EDS, energy dispersive x-ray

i

spectroscopy)

20



=1 A B2 (A21,B18,C16), 27T T 5 (6004, 800A, 10004), €& =5 (50 cm/min, 60cm/min) S
S5ty 2% = AUS AMSIF O O|E Table 4-1 O HE|SHFCH ZAuf CHE =

A

CI2A amMmn S 242 LIEIWCE ESH A21, B18, C16 =22 A0 40| E£7}18t8ICt O]

rir

8857 M 0| =otyo| met EFFAM &

&y S22 M2t 0|Eots YO
S/t AS 2l0letCh Eoh ca o mg 2 4% SFz=A 8l SH2A =AU Mt
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(wt. %)

Welding speed
(cm/min)

50
A21

60

50
B18
60

50
C16
60

Welding
current AMNn
(A)
600 -0.3112
800 -0.3049
1000 -0.2748
600 -0.3333
800 -0.3310
1000 -0.0265
600 -0.3306
800 -0.3148
1000 -0.3115
600 -0.3547
800 -0.3247
1000 -0.3197
600 -0.3376
800 -0.3148
1000 -0.3131
600 -0.3306
800 -0.3148
1000 -0.3115

ASi

0.1596
0.1444
0.1385
0.1652
0.1608
0.1630
0.1627
0.1478
0.1447
0.1853
0.1571
0.1525
0.1478
0.1692
0.1509
0.1627
0.1478
0.1447

ACa

0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007

AMg

0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002

LAl

0.0040
0.0033
0.0031
0.0042
0.0038
0.0041
0.0041
0.0035
0.0033
0.0050
0.0039
0.0037
0.0044
0.0035
0.0003
0.0041
0.0035
0.0033

ATi

0.0098
0.0104
0.0106
0.0081
0.0095
0.0104
0.0083
0.0084
0.0085
0.0083
0.0084
0.0084
0.0101
0.0108
0.0110
0.0088
0.0094
0.0103

AO

0.0167
0.0164
0.0160
0.0171
0.0168
0.0164
0.0164
0.0162
0.0159
0.0168
0.0160
0.0159
0.0162
0.0160
0.0158
0.0164
0.0159
0.0155

Table 4-1 Delta(A) quantities of weld metal
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S21 S18 S16

S21 S18 S16

(b) 60 cm/min

Figure 4-1 Macrostructure of weld metal
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Table 4-2 Average chemical composition of weld metal (wt. %)

Welding speed Welding current

(cm/min) (A) 0 Mg Al Si Ti Mn
A1 800 2191 0.23 948 0.64 14.68 4.66
1000 10.28 279 031 17.74 6.25
800 25.58 0.43 2232 0.27 266 14.75
B18 50
1000 17.63 0.39 11.84 1.27 2.05 11.78
16 800 19.28 279 031 17.74 6.25
1000 37.28 0.20 1396 0.40 2223 541
A1 800 24.24 2041 0.29 275 4388
1000 10.61 7.17 090 361 4.05
800 2831 0.16 17.71 245 285 13.75
B18 60
1000 28.69 0.23 17.05 2.81 3.27 1431
16 800 20.81 0.26 834 0.36 3.80 4.84
1000 23.34 18.76 350 3.68
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Figure 5-1 Relationship between AMn and AO
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Table 5-1 Compositions of MnO-SiO; slags in equilibrium with Mn - Si metls

MnO-Si0, slags

amno asio, (MnO) (mass %) (Si0,) (mass %) Phase
1 0 100 0 Solid MnO
0.8950 0.0484 74.64 25.36 Liquid phase
0.4275 0.2201 66.58 33.42
0.1491 0.9564 52.65 47.35
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In the shipbuilding industry, welding is the most basic work to attach two plates. Several
standards propose a certain level of penetration to satisfy the physical properties required for
welding, and the thicker the plate, the deeper the required weld penetration. Therefore, as the
thickness of the plate increases, various types of I, Single Y, Double Y welding groove are
made to satisfy the required weld penetration. The cost of cutting is lower due to the relatively
simple shape of | groove compared to Y groove. Therefore, it is expected that the cost of
cutting the plate can be reduced by increasing the thickness range of the plate applied to |
groove. There are two ways to increase penetration, changing welding conditions or
changing flux composition. It is known that when welding conditions, that is, increasing the
welding current or decreasing the welding speed, penetration becomes deep due to the
increase in heat input, but the impact toughness decreases due to the coarsening of oxides.
In addition, when the composition of the flux is changed, the convection direction of the molten
pool changes toward the center of the molten pool due to the marangoni effect due to the

increase of the oxygen content in the molten pool, and penetration becomes deeper.

Therefore, in this study, in order to investigate the effect of the welding conditions and flux
composition used for penetration, the bead on the plate was processed and the weld
penetration was analyzed by the following method. As a result of the experiment, penetration
tends to increase as the welding current increase or welding speed decreases. As the TiO»,
SiO,, Al,O3 component increase, the increase in oxygen contents in the melting pool. The only
thing for Mn is that the value of A is negative and the value of AO tends to increase as it
increases in the negative direction. However, as the SiO; content in the flux increased, the
activity of Mn in the molten slag decreased, and AMn increased in the negative direction. In
many cases of TiO: in the flux composition, the dissolution amount decreased with increasing
welding speed. Therefore, the difference between the flux composition and the low TiO2

content did not change significantly.
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