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Study on Effect of Underwater Shield Welding"
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Abstract

In this paper, an attempt has been taken for improving the weldability of wet welds of
TMCP steel plate by shielding around weld arc surroundings. The principal results of this
experimental investigation can be summarized as follows .

1) The cooling rates resulting from wet welds with the developed electrode on TMCP
steel plate could be lower than that of the non-shieled wet welds.

2) The metallurgical characteristics in underwater wet welds of TMCP steel plate and the
developed electrode could be improved by shielding around weld arc surroundings.
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Table 1 Chemical composmon and mechanical properties of base metal TMCP steel(EH-36)

I — e e

Chemical C Si Mn P N] Cu { Cr Mo Al | Ceq
composition — ——
L %) 009 | 022 | 141 [ 0013 | 0002 | 001 | 003 | 001 | 0029 | 033
. Yield strength Tensile strength Elongation \ Charpy impact
Mechanical = y 3 T.MPa) EI(%) I A0
prOpertieS D( a) s a ( © J m(/) ( )
4609 | 519.8 20.0 \ 2128
Table 2 Chemical composition and mechanical properties of weld metal L
Chemical composition(W, %)
Weld metal i
cen c Si Mn p s [ o [ N[ ¢
A
0.07 0.53 0.98 0.014 0.010 - - -
(KSE 5016) l
B
0.089 0.051 0.734 0.013 0.007 0.091 0.124 0.019
(KSE 5013)
| C
0.097 0.29 1.02 0.034 0.014 - - -
(IWWE)*
Mechanical properties N
Weld Yield strength Tensile strength | Elongation Charpy impact WReduction
metal Y,(MPa) T{MPa) E(%) L()(©) area (%)
A
480 560 32 120 -
(KSE 5016)
B
470 530 28 110 -
(KSE 5013) _J
C
515 549 24 62 61
(IWWE)

* [lmenite wet welding electrode
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Table 3 Chemical composition of flux materials

Chemical composition (%)
Weld metal - - ;
Si0; | ALO, | TiO, | MgO | Ca0 | CaF, | KO [Na,O! Fe | Mn | Si | Al Mg | lgless | Total
A
564 | 078 | 726 | 002 |2731 | 1457 | 079 | 140 | 924 | 2.18 | 447|114 1076 | 2333 | 98.89
(KSE 5016)
B
2055 | 594 | 4051 | 006 | 520 - 294 1 173 | 621 (648 — | — | — 831 | 9793
(KSE 5013)
C
‘ 1633 | 265 | 2290 004 | 869 | — 127 | 173 | 20841987 | — | — | — | 1391 | 9823
| (OWWE) | i

* Ignition loss © Shielding gas(CO; etc.) or organic compounds
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Table 4 Typical welding conditions

Thermocouple

position
200 /Bead

/ —~

ES)
25 40 |20,20| 20| 20| 20,204 25

120

120

250 12

Fig. 1 Workpiece and arrangement of thermocouples

(PR 13%) for measuring thermal cycle

Hrbale] 220w g odvlgt £ 3% o] Pnital)
2 BAAA galstedch,
wA4TE S AL 43i1)7)7] 9%
AENAL Fig 3] vehd Az g wyez

Welding Current Voltage Welding Bead length Electrode | Welding
. speed Electrode Angle .
environment A) %] cm/min) | length used ( source position
In-air welding 165 25 21 0.85 60 DCSP flat
d
Underwater 210 31 25 085 60 DCSP flat
wet welding
Und t
neerwater 210 31 25 085 60 DCSP flat
shield welding
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Fig. 2 Thermo-junction circuit for measuring thermal
cycle
(D Enamel for electrical insulation
2 Alumina cement

(3 Silicon bond

@ Thermocouples

® DC amplifier

(& Resistance for sensitivity regulation

)

(D Resistance for damping

(® Galvanic oscilator
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Fig. 3 Methods for shielding the part to be weld
(@ Electrode guide rod
@ Electrode
(3 Shielding materials
@ Backing materials
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(5 Base metal
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Fig.4 Comparison of cooling curves from maximum
temperature(T,..= 1400C) in various type of
weldings

Welding condition . as in Table 4
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Fig.5 Comparison of cooling curves from maximum
temperature(Ty,,=800C) in various type of
weldings
Welding condition : as in Table 4
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Fig.6 Effects of welding environments(as shielded
or not) on diffusible hydrogen contents when
using hydrogen type welding electrode
Welding condition : as in Table 4
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Fig. 7 Effects of welding environment(as shielded or

not) on diffusible hydrogen contents when

using high titanium oxide type welding

electrode

Welding condition . as in Table 4

o—= In-air welding
80t o < Underwater wet welding
#——= Underwater shield welding

:

Diffusible hydrogen contents,p (cc/100g Fe)
g
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Fig. 8 Effects of welding environments(as shielded

or not) on diffusible hydrogen contents when

using ilmenite type underwater welding

electrode

Welding condition : as in Table 4
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Table 5 Results of tension test* for various welded joints of in-air and underwater weldings(as shieled or not)

Welding condition : as in Table 4

Welding Tensile strength, Absorbed energy, Elongation,
enviroments T(MPa) Ea(l/mm?) E(%)
WM HAZ WM HAZ WM HAZ
In-air
. 5535 544.0 1.59 1.77 7.0 7.9
welding
Underwater
. 576.2 5705 041 0.56 19 22
wet welding
Underwater
. . 558.7 568.8 0.76 0.66 44 4.2
shield welding

* Each specimen with 2mm depth V notch.
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