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Abstract

Recently, many studies for developing the underwater welding techniques have been carried out in

the advanced countries as a manufacturing process and a repairing method according as a great deal

of interest in development for various marine industrial fields has been gradually increased.

But no study on such underwater welding is available at present in our country.

In this study, underwater welding was carried out for welding of domestic structural stesl plates

(SM41A) of 10 mm thickness, using six types of domestic coated arc welding electrodes on a self-made
gravity type underwater welding device, resulting in investigation for the underwater weldability of

the domestic structural steel plates as well as for the underwater welding properties and practicability

of the domestic welding electrodes.

Introduction

Since Humply Davy was firstly successfull in
generation of arc under the water in the
United States in 182, the underwater welding
has been much studied and developed, and widely
utilized in construction of the underwater- and
ocean-structures as well as in ship-repairments
in the United States, England, Germany and
Japan!?, for overcoming the lack and limitation
of land resources, and for the energy development
and the space utilization in the sea. And also it
will be continuously used in manufacturing proc-
essing and repairing method for marine structures
and in various marine development plans®.

In our country, too, the necessity of resources
and energy development and the lackness of our
land area are in serious problem. So that, a

great deal of interest has been taken in marine

development but no study is available at present
in this field in our country.

In this study, underwater welding was exper~
imentally carried out for welding of domestic
structural steel plates (SM41A) of 10 mm thickness,
using six types of domestic coated-arc-welding
electrodes on a self-made gravity type undsrwater
~welding device.

And then the underwater weldability of the
domestic structural steel plates and the underw-
ater welding properties and practicability of the
domestic welding electrodes were investigated.

Experimental material
and procedures

1. Specimens and electrodes

The test plates used in this experiment are
domestic structural steel plates (SM41A) of 10 mm
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Table 1. Mechanical properties and chemical composition of base metal (SM414)

. . Char
Mechanical zlrilggth ;rtigﬁgteh faorga- i‘gfj‘? Chemical | ¢ ‘ Si | Mn l P s
-kg,/mmz kg/mm® % kgm/cm? \composition | 1 | | _
properties 15. 57[ 30.5 33 T AR Y 17 004 083 0.0i6 0.0
Table 2. Mechanical properties and chemical composition of deposited metals,
. Mechanical properties | Chemical composition (Wt %)
Welding Tensile | Yield | | Charpy ’ ] I l
electrode [strength |strengthElongation impact value C Si Mn P S
o kg/mm? | kg/mm? i % kgm/cm? l ‘
E 4301 48 41 34 11 0.08 0. 10 C. 42 0.016 0.010
E 4303 49 43 32 11 0.07 0.15 0.37 0.014 0.013
E 4311 47 43 26 11 0.08 0.24 0.48 0. 009 0. 009
E 4313 49 44 29 — 0.08 0.28 0. 38 0.017 0.011
E 4316 55 44 35 19 0.07 0.41 C. 96 0.012 0. 009
E 4327 48 41 34 8 0. 07 0.34 0. 65 0.018 0.012

thickness, the mechanical properties and chemical
composition are shown in Table 1.

Each specimen for investigation of underwater

weldability was cut to 100X50 mm of base metal.

The specimens for investigating the hardness
distribution and the micro-structure of welded
joints were made to observe each cross section
in welding direction. The etching solution for
macro and micro structure inspections was the
mixed liquid of nitric acid 5 ¢c and alcohol 100 cc,
and the etching time was 90 sec and 50 sec resp-
ectively. A

Table 2 shows the mechanical properties and
the chemical compositions for six types of coat-
ed—arc—weldiﬁg electrodes which are on the mark-
eting. '

The ilmenite type (KSE 4301), lime titania type
(KSE 4303), high cellulose type (KSE 4311), high
titanium oxide type (KSE 4313) and low hydrogen
type (KSE 4316) of welding electrodes have each
4 mm diameter and the iron-powder iron-oxide
type (KSE 4327), 5 mn:.

Specially, for the ilmenite type and high tita-
nium oxide type, the welding electrodes of ¢ 3.2
mm, ¢ 4mm and ¢ 5 mm were used in underwater
welding tests, with no waterproof coating on the
electrodes.

2. Experimental equipment and
procedures

The experimental equipment used in underw-
ater welding is the self-made gravity type weld-
ing device, on which the ratio of welding elect-
rode carrying speed, the angle of electrode and
the electrode diameter can be freely varied. Its

schematic block diagram is shown in Fig. 1.

Carrage

Stand I

Fig. 1. Schematic block diagram of experimental
underwater welding apparatus (gravity
type).

The AC arc welder of 250 A used in this
underwater welding device can be commutated

from AC to DC by full wave rectification with

Pl
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a diode rectifier attached. The straight polarity
(DCSP) was taken through underwater welding
in the city water filled in a tank (600¢600X 1000
mm) at the room temperature. There was no
great difference between the cases of using city
water and sea watert). The depth from water
surface to welding position was set to 20 ¢m, which
was thought enough to get the same result of
underwater welding within the depth of 5 m (the
water pressure 0.5kg/cm?) from the surface®.
The circumstance of underwater-welding arc is
surrounded with many air bubbles and such
generated bubbles prevent to observe the bead
condition and arc and molten pool behaviors. So
that, two bars were set up as a guide, and then
the straight beads could be obtained by moving
straightly along the guide with a gap®.

For investigation of weldability, the selected
welding conditions are welding current 90~210
A, welding speed 28 cm/min (ratio of electrode
carrying speed=bead length/electrode length used
=1) and the angles of welding electrodes were
set to 40°, 60° and 80°.

Then the bead appearance examination and the
X-ray inspection were done under the proper
welding current using each welding electrode
type, and also the micro-structures for six-pass
underwater welds welded under the optimum
welding condition were observed on an optical
microscope.

The hardness distribution of the underwater
weld welded under the optimum welding condi-
tion was investigated at every 0.5 mm interval
point along the longitudinal position of 1mm
depth from the up and down surfaces of the

welded zone, as well as the center line.
Results and consideration

1. Examination of underwater
weldability

Fig. 2 shows the effect of electrode angle on
bezd appearance of underwater welds of SM41A

(c) Electrode angle : 80°

Fig. 2 Effect of electrode angle on bead appear-

ance of underwater welds of SM41A as
ilmenite type electrode (¢ 4 mm) is used.

as ilmenite type welding electrode was used.
The arc current was 160 A, and the angles of
electrode were 4C°. €0° and 80°, respectively, as
shown in the figure. The bead appearance and
weld penetration were good in any angle of
welding electrode.

Fixing the electrode angle to 60° and wusing
ilmenite type welding electrode of ¢ 4 mm, only
in the case of changing welding current to €0 A,
160 A and 210 A, respectively, the effects of the
welding current on bead appearance of underw-

ater welds were shown in Fig. 3. In case of

160 A
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(¢) Current : 200 A

Fig.3 Effect of welding current on bead aupea-
rance of underwater welds of SM41A as
ilmenite type electrode (¢ 4 m=) is used.
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figure (a), the lack of weld penetration is shown
due to poor current, and figure (¢) shows the
ununiform bead appearance as well as undercut
because of the excess of welding current. Mean-
while, in figure (b), there is no weld defect and
the bead appearance is sound, resulting in good
weld with the proper current range of 160 A.
Fig. 4 is the case of having used the ilmenite
type electrodes with different diameters of ¢ 3.2
mm, ¢ 4 mm and ¢ 5mm and with angle of 60°
under welding currents of 120 A, 160 A and 200
A, respectively. In this case, the bead appearance
was also good at any welding current and with

any diameter of welding electrode.

(a) Diameter

(b) Diameter : £ 4 mm
Current :

: 45 m
Current : 200 A

(¢) Diameter

Fig. 4 Effect of diameter of electrode on bead
appearance of underwater welds of SM41A
as ilmenite type electrode is used.

Fig. 5 shows the range of arc current relating
to welding electrode diameter in order to get
experimentally the good underwater welds sho-
wing sound bead appearance. In case of ilmenite
type welding electrode, the proper range of wel-
ding current becomes narrower with the increase
of welding electrode diameter. In case of high
titanium oxide type welding electrode, it was
confirmed that the proper range of welding

current according to welding electrode diameter

300

Electrode angle: 60°

N
(o]

O
T

100

Arc current (Amp)

(CIHigh titanium oxide type
llmenite {ype

32 A
Diameter of electrode(mm)

Fig. 5 Effects of arc current and diameter of

electrode on appearance of welds of
SM41A.

becomes wider than that of the former.

2. Bead appearance and X-ray
inspection of underwater
welded joint

Fig. 6 reveals the bead appearance and their
X-ray inspection results of underwater welds of
SM41A, using the ilmenite type, lime titania
type, high cellulose type, high titanium type
and low hydrogen type of welding electrode (¢ 4
mm) and the iron-powder iron-oxide type weld-
ing electrode (¢ 5 mm) under each proper welding
condition selected experimentally for good und-
erwater welds. )

As shown in Fig. 6, it seems through such
bead appearance and X-ray inspection results that
the cases of figures (a), (b) and (d) using the
proper welding electrode such as ilmenite, high
titanium oxide and lime titania types respectively
weld

assures good underwater welds without

defects such as blowhole, undercut and spatter
as found especially in the case of figure (c) or
(e). These results are well coincident with Hasui

et al’s report¥ in which the ilmenite and high
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lime titania type electrode.
As shown in the figure, any undercut was
not found and enough weld penetration could be

obtained. It can be observed that the structures

(d) High titanium oxide of welded zone, HAZ and deposite metal are
type
Current 160 A

(a) Ilmenite type
Current : 160 A

much affected by continued reheating at weld
zone according to the order of the first pass to
the sixth back pass.

Fig. 8 shows the micro-structures of base meta!

and underwater welded zone of SM41A as lime

titania type welding electrode was used.

(b) Lime titania type {e) Low hydrogen type Fig. 8 (a) shows the micro-structure for area
Current : 160 A Current : 160 A o s X
‘A’ of base metal indicating ferrite and pearlite
structure. The area ‘B’ in the HAZ at 0.5 mm
distance from the bond reveals the micro-struct-

ure of martensite, bainite, pearlite and coarse

structure which was developed at small amount

D p Oth layer
\
/

{¢) High cellulose type (£, Iron powder iron
Current : 130 A oxide type
Current : 200 A

Fig. 6 Bead appearance and X-ray inspection
result of underwater welds of SM41A
according to each electrode (¢ 4 mm for
(a)-(e) and ¢ 5 mm for (f)) is used.

\

5th layer 1st layer

titanium oxide types of welding electrodes are

suggested as the best ones for underwater

welding. : ] .
[—

(a) Base metel  20pm (d) %Weld metal of

. H -y 5th layer

3. Macro and micro structure *

inspection of underwater weld

Fig. 7 shows the typical macro structure of

six~pass underwater weldment as welded with

(b) HAZ at 0.5 mm (e) vele zetal of 5rd
distance from bond layer {reneated)

(c) HAZ~{0.5 mm) of (£) Wweld =etal of 2nd
KRt 15t layer (reheated) layer {renszted by
1 i 3rd-1o~53k layer)
5 mm Fig. 8 Micro-structure of base metal and unde-
Fig. 7 Macro-structure of underwater welds of rwater welds of SM41A as lime titania
SM41A as lime titania type electrode is type electrode is used.
used. Welding current: 200 A.
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of intergranular ferrite, as shown in Fig. 8 (b).

The area ‘C’ shows the first pass HAZ which
was reheated by the 2nd and 6th passes of weld-
ing, and so this arsa is composed of the struct-
bzinite,

ure of martensite. pearlite and ferrite

around thej boundaries of ccarse ferrite, as
shown in Fig. 8 (c).

The area ‘D’ of the deposite metal of the 5th
layer reveals the structure cof ferrite, at grain
beurdaries, developed normally from bainite and
pearlite, &s shown in Fig. 8 (d).

The area ‘E’ shows the reheated zone which
was refined by reheating due to the 3rd to 5th
layer pass of welding, and so it has the structure
of fire ferrite and pearlite, as
e).

As shown in Fig. 8 (f),

the deposite metal of the 2nd layer reheated by

shown in Fig. 8

the area ‘F’ shows

the 2rd to 5th layer pass welding, and this shows

the finer ferrite and pearlite structure.
Especially no weld defect was found microsco-

pically in any area.

4. Hardness distribution of
 underwater weld

Fig. 9 and Fig. 10 indicate the results of micro-
Vickers hardness distribution for six~passiunder-
water welded zone as welded by using lime
The hardness
distribution of longitudinal direction at the cross

titania type welding electrode.

section of welded zone is shown in Fig. 9 and

the one of vertical direction is in Fig. 10.
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Fig. 9 Typical longitudinal hardness distribution
of underwater weld (6th-pass welding) of

SM41A in case of 200 A.
that the

As shown in Fig. 9, it was found

Atsushi Hasui and Sae-Kyoo Oh

hardness peaks occur between the first HAZ near
base metal side and the bond near the surface
up or down.

It seems that this weas because the hardness
increased by the first or the second pass layer of
welding was decreased due to reheating by the
continued pass layer of welding (as shown in‘F’
area of Fig. 8 and in the center area of deposit
metal on the center line of Fig.9), but the har-
dness increased by the third, fourth or sixth pass
B
end in the 1mm depth from the

layer of welding was not so (as shown in
and ‘'C’ area

periphery surface of Fig. 9.
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Fig. 10 Vertical hardness distribution of
underwater weld (6th-pass welding)
of SM41A in case of 200 A.

The similar results above were obtained in the
case of using the other type of welding electrodes. .
In Fig. 10, it is found that the

the top or bottom surface in contact

hardness at
with cold
This is

seemingly duve to cooling effect of surrounding

water was the maximun of Hv 350.

water during and post underwater welding.

Conclusion

The obtained results of a study on weldability
in underwater welding of domestic structural steel
plates (SM41A) of 10 mm thickness using various
type of domestic welding electrodes are summa-
rized as follows; i

1) -In the case that welding electrode carrying
speed ratio is 1 and angle of welding electr-

ode is 40°, 60° or 80°, the welding electrode
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angle has no great influence on bead appearance
in underwater welding.

2) In the case that welding electrode diameter
is constant, the increase of welding current res-
ults in increasing the heat input to affect the
but the . good bead

appearance for a good underwater weld welded

bead appearance so much,

under an experimentally-selected proper welding
current for a certain diameter of welding electr-
ode could be obtained.

3) The range of proper welding current and
the diameter of electrode have a correlation in
the case of using high titanium oxide type wel-
ding electrode in underwater welding, and the
range of the proper welding current is relatively
wide.

4) The four types of electrodes (ilmenite, lime
titania, high titanium oxide and iron-powder iron-
oxide types) except low hydrogen type and high
cellulose type welding electrodes can assure a
stable arc generation during underwater welding
resulting in good underwater weld. Especially
lime titania type, high titanium oxide type and
ilmenite type welding electrodes can produce a
good weldability for better underwater welds with
no weld defects.

5) Macro- and micro-structures for underwater
welded zone are shown as martensite and bainite
structure and fine ferrite and pearlite structure,
and no weld imperfection in good underwater
weld is found microscopically. '

6) In the 3rd, 4th and 6th pass underwater

welding at the top and bottom surface layers of
specimen plate, the hardness peaks exist betwezn
the first HAZ near base metal side and the nzi-
ghbouring bond while the other zone has almost

a uniform distribution of hardness.
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