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A Elemental Study on Weld—ability

of Underwater Wet Arc Welding

Chang—Suk. Rho

Dept. of Mechanical Engineering, Graduate School.

Pu-kyong National University

Abstract

Underwater wet arc welding process was experimentally
investigated by using the six types of flux coated electrodes of
3.2mm diameter and the KR-RA steel plate of 11mm thickness as
base metal. Two types of electrodes were domestic covered arc
welding electrode(CR13, CR14) and another two types of wet welding
electrodes (UWCS, TN20) were imported goods. and the other two
types(UWX1, UWXZ2) were individually designed flux coated
electrodes for experimental welding purpose. Main experimental

results were summerized as follows:

1 Tt wag agcrertained  that  individnally decioned  flixy  coated

electrode(UWX1) could be used in practice with KR-RA steel plate

for underwater wet arc bead welds.



2. Welding arc could be generated easily and considerably Kkept in
stable using TNZ20 and UWXI1 electrodes.

3. The micro Vickers hardness value and the portion of martensite
in the HAZ were increased in all the electrodes by rapid cooling rate,

but it was relatively maintain stable for UWCS, TN20 and UWXI1

electrodes.
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Table 1 Chemical composition of covering

tﬂ.l).c

Chemical composition, max percen

AWS Classifiction Mn Si Ni Cr Mo V

E6013, E6011, E6012,
E6013, E6020, E6022, No specific chemical limits
E6027

E7016°, E7018", E7027 160" 0.75 030" 0.207 030" 0.08”

E7014, E7015, E7024°
E7028, E7048

1.25° 090 030" 020" 030" 0.08

a. Compositon limits are intended to insure a plan carbon steel
deposit.

For obtaining the chemical composition, DCEN may be used
where DC, both polarities is specified.

. The total of all elements with the asterisk () shall not exceed
1.50 percent. The total of all elements with the double asterisk
(*") shall not 1.75 percent.

Upon agreement between the supplier and the purchaser,
electrodes classified as E7016 or E7018 may be supplied to a
minimum Charpy V-notch impact requirement of 20 ft -1b at
-50°F(27] at -46C). Such electrodes shall be identified as
E7016-1 or E7018-1, as appropriate.

Upon agreement between supplier and purchaser, electrodes
classified as E7024 may be supplied to a minimum elongation

of 22 percent . Such electrodes shall be identified as E7024-1.
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Table 2

Chemical composition of base metal (KR-RA)

Chemical composition (wt, %)

G Si Mn P S Ceq
0.13 0.25 0.57 0.017 0.01 0.22
Table 3 Mechanical properties of base metal (KR-RA)

Mechanical properties
Tensile Elongation
Yield point g Bend test
strength
(MPa)
(MPa) (%)
323.4 446.8 24.0 Good




Table 4 Chemical composition of core wires

Chemical composition (wt, %)

C Si Mn " S

Cu

0.05 0.018 0.54 0.01 0.008

0.1

SWRY-11, ¢3.2x350

_13_



Table 5 Mixing ratio of flux materials

Classification UWX1 UWX2

CAC 21 21

FMM 9 9
FLP 15 15

MIC 2 2

STH 6 6

RTS(RZM) 15 35

Raw materials

IRP 5} 7

S1G 5 8

TAL 1 1

DXT 1 1

J1ES B 23 1

Total 103 103

Binder 46 Be" (NaxSiOs : KoSiO3 = 3 & 1)
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Table 6 Chemical composition of covering (wt, %)

Classification CR13 CR14 UWCS TN20 UWX1 UWX2

Ca 1389 1034  0.38 1536 2514 922
Ti 2296 1640 1655 2622 2324 25.15
Si 2685 2099 2882 2551 2145 2591
Mn 1099 1052 549 10.04  9.16 11.15
Fe 3.36 1438 2295 392 0.86 3.74
Al 3.77 3.33 3.82 Ll 0.84 794
Na 441 6.15 6.46 1.14 4.02 5.02
K 1.23 6.63 6.61 3.87 3.69 0.20
Mg 1.00 0.91 3.36 0.27 1.15 1.28
Zr 0.30 0.18 0.28 0.31 0.23 0.21
Nb 0.14 0.11 0.12 0.17 0.14 0.13
& 0.34 0.04 = = 0.02 0.03
S = 0.03 = 0.02 0.02 =
Cr = = 0.11 0.07 = 0.06
Rb 0.02 = = = = =
Sr 0.02 = = = = =
Co = = 0.05 = = =
Mo = = = 0.32 = =

_15_
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Table 7 Typical welding conditions

Currrnt (A) 120
Voltage (V) 30~35
Welding speed (mm/min) 250
Bead length / Electrode length used 0.8
Welding angle (°) 5
Electrode source DCSP
Flat

Welding position

_17_
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Fig. 2 An example of the HP-VEE programs
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Fig. 3 HP-VEE data acquisition system of voltage

and current signals (CR13)
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Fig. 4 HP-VEE data acquisition system of voltage
and current signals (CR14)

_22_



V

0

300|||| LI L L LI L rTryy rrrr1r1r1i1

25 45
Time (sec)

Fig. 5 HP-VEE data acquisition system of voltage
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(a) CR13 (b) CR14

(e) UWX1 (f) UWX2

Photo. 1 Appearance of slag in various welding electrode

when underwater wet welding
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(b) CR14

(c) UWCS (d) TN20

(e) UWX1 (f) UWX2

Photo. 2 General appearance of weld alloy surface
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(a) CR13 (b) CR14

(c) UWCS (d) TN20

(e) UWX1 (f) UWX2

Photo.3 General appearance of alloy cross sections
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Vickers hardness (Hv)
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Fig. 9 Hardness distribution of underwater wet welds
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(f) BM

Photo. 4 Microstructures of weld (CR13)
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(e) HAZ/BM (f) BM

Photo. 5 Microstructures of weld (CR14)
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Photo. 6 Microstructures of weld (UWCS)
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(e) HAZ/BM

Photo. 7 Microstructures of weld (TNZ20)
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(e) HAZ/BM

Photo. 8 Microstructures of weld (UWX1)
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(f) BM

Photo. 9 Microstructures of weld (UWX2)
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