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Optimization for Underwater Welding of Marine Steel Plates

Sae-Kyoo On*

Optimizing investigation of characteristics of underwater welding by a gravity type arc welding
process was experimentally carried out by using six types of domestic coated welding electrodes
for welding of domestic marine structural steel plates (KR Grade A-1, SWS41A, SWS41B,) in
order to develop the underwater welding techniques in practical use.

Main results obtained are summarized as follows:

1. The absorption speed of the coating of domestic coated lime titania type welding-electrode
became constant at about 60 minutes in water and it was about 0.18%/min during initial 8 minutes
~of absorption time.

2. Thus, the immediate welding electrc’e could be used in underwater welding for such a short
time in comparison with the joint strength of in-atmosphere- and on-water-welding by dry-, wet
- or immediate-welding-electrode.

3. By bead appearance and X-ray inspection, ilmenite, limetitania and high titanium oxide
types of electrodes were found better for underwater-welding of 10 mm KR Grade A-1 steel plates,
while proper welding angle, current and electrode diameter were 60°, above 1604 and 4mm res-
pectively under 28cm/min of welding speed.

4. The preper underwater welding current range is limited to a certain range and the current
should increase with an increase of electrode diameter for better weldment.

5. The weld metal tensile strength or proof stress of underwater-welded-joints has a quadratic
relationship with the heat input, and the optimal heat input zone is about 13 to 15K]/em for
10mm SWS41A steel plates, resulting from consideration upon both joint efficiency of above-160
9% and recovery of impact strength and strain. Meanwhile, the optimal heat input zone resulting
from tension-tension fatigue limit above the base metal’s of SWS41B plates is 16 to 19K]/cm.
Reliability of all the empirical equations reveals 95% confidence level.

6. The microstructure of the underwater welds of SWS41A welded in such a zone has no weld
defects such as hydrogen brittleness with supreme high hardness, since the HAZ-bond boundary
area adjacent to both surface and base metal has only Hv400 max with the microstructure of fine

martensite, bainite, pearlite and small amount of ferrite.
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Table 1. Mechanical properties and chemical composition of base metals(BM) and welding

electrodes(WE)
Mechanical properties Chemical composition(wt %)
Materials Tensile Yield Strain Impact
strength strength GL 50 value C S Mana P S Cu
kg/mm?  kg/mm? % kgmfcm?

KR Grade A-1 52 33 19 _ 0.134 0.012 1.42 0.015 0.006 0.013
~ SWS41A 47 29 33 —_ 0.17 0.04 0.830.02 0.02 —
B SWS41A(notch* on 30. 5% 19. 6% 28.0% 17. g**

WM)
M SWS41B 46 28 34 - 0.16 0.06 0.86 0.01 0.01 —
~ SWS41B(notch on - — 4. 3¥kk 19. O**

HAZ)

Ilmenite( E4301) 48 41 34 11 0.08 0.10 0.42 0.016 0.010 —

Lime titania( E4303) 49 43 32 11 0.07 0.15 0.37 0.014 0.013 —
~ High cellulose( E4311) 47 43 26 11 0.08 0.24 0.48 0.009 0.008 —
W High titanium oxide(E 49 44 29 — 0.08 0.28 0.38 0.017 0.011 —

4313)
E Low hydrogen(E 55 44 35 19 0.07 0.41 0.96 0.012 0.009 —
~ 4316)
Iron-powder iron-oxide 48 41 34 8 0.07 0.34 0.65 0.018 0.012 —
(E4327)

under 10cps stress.

Specimen with 2mm depth 120°-V-notch on both sides of weld metal(deposited metal).
Specimen(6X6mm) with 1mm depth 45°-V-notch in Charpy impact test.
Mean strain of specimens with Imm depth 120°-V-notch on both sides of WM in fatigue test.
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Table 2. Welding conditions of marine steel plates (SWS41A, SWS41B) in case of using
lime titania type electrode for investigating tensile strength of the joints

Root No. of Electrode Bead length/ Welding Welding Arc voltage
Electrode gap pass angle Electrode melting speed current e2!
() (°)  length (cm/miny (A T © O
140 30 24 28
160 —_ 28 33
E 4303(¢ 4mm) 1.5 6 60 1 28 180 —_ 30 36
200 38** 32 38
220 — 33 40

Welding environment:

O* (SWS41B) In atmosphere & on water.

@** (SWS41B) Under water.
® (SWS41A) Under water.
® (SWS41B) Under water.
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Fig.5. Absorption factor of coated welding elec-
trode of lime titania type.
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Fig.6. Results of tension test for comparison of
the strength of joints(SWS41B) welded
(1) in atmosphere, (2) on water, (3) under
water using dry, immediate and wet
electrodes(lime titania type) and the str-
ength of (4) base metal.
Welding conditions: as @ in Table 2.
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(d) Under-water weld bond

(¢) On-water weld bond
Current : 200A(38V)

Current : 140A(30V)

(b) In-atmosphere weld bond (a) Base metal
Current : 140A
Fig.7. Micro-structures of base metal and in-atmosphere-, on-water- and under-water-weld

bonds of SWS41B as lime titania type electrode is used.
Electrode angle: 60°, Welding speed:28cm/min.

(b) Current: 1604

o

i e (c) Current: 2404

() Electrode angle: 80 Fig.9. Effect of welding current on bead appea-
Fig.8. Effect of ilmenite type electrode(¢pdmm) rance of underwater welds of KR Grade
A-1 steel plate as ilmenite type electrode

angle on bead appearance of underwater
welds of KR Grade A-1 steel plate. (¢p4dmm) is used.
Electrode angle: 60°,

Electric current: 1604,
Welding speed: 28cm/min. Welding speed: 28cm/min.
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Fig. 10. Effect of diameter of ilmenite type elec-
trode(¢4mm) on bead appearance of un-
derwater welds of KR Grade A-1 steel
plate.

Electrode angle: 60°,
Welding seed: 28cm/min.
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Fig. 11. Effects of arc current and diameter of
each electrode on appearance of underw-~
ater welds of KR Grade A-1 steel
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Fig.12. Effects of arc current and diameter of
each electrode on appearance of under-
water welds of SWS41A steel plate.
Welding speed: 28cm/min.
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Electrode angle: 60°, Current: 1604,
Welding speed: 28cm/min.
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Electrode: ¢4mm, E4303, Electrode ang-
le: 60°, Root: 1.5mm,

Welding speed: 28cm/min, Current: 220
A, Voltage: 33V.
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Welding conditions: as in Table 2.

e SHEDY Aol
PEEES

71dd + & Hez

= Ed

Autg A3(KR Grade A-1, SWS41A, SWS
41B)9] 4F83 A I3t dTEIAE 2]
2 g3k 2.

1. 34t gdelehyobA] £AE A EAS @|AKSF
2 & 60204 dAsA Hx, 32t 8RR
2] BAEEE <k 0.15%/min Q02T 40cm £
AZES Av] BAFS < 0.22%7wld  Etslg
}.
2. 99 ol Az, AA, ATELPEA A%
A71%, o4, $EEEF 24 AARE ¢ Ay
24 v DA Bl tal, TFEAAzLe] 8¢0)
W £33 FE dde x4 Az AP LA E
9 Apge] 75 Aolr.

3. A2 FF-EAelme] vAE 4F%E
KR Grade A-17}stel wlgle] 2418 Asx, g7
Ex 60°, -BHAFE 16044 %, B -5A 5L 4mm
Ql A9t Agsln, =7 vol=gals} X-47 Al
Azl vjuelE, wHelElEhol, EALEE A &
A¥o] b4 A ¥sbgd o

4. 99 SAE T A AL diE ve] =9
PR e o A +FEAAFY d4E = o
A g4 del AgHE, FAHEAES Fobd Sz
dF= Srhste Agelh

5. #5844 T4 £3F5T A7 AAHEY 2

M

— 58 —



A B KhigE Bl A3 Fi

Aol Slaidd, AAEsh BEAEE YLt ol
o agol 100%

T A ARSI, ol o] 4+
Wel st EAeH, A9 AndQe 2 g AS-
Br won} 3 Fsbdldel WY HelA EA

E
stz 2, SWS41Ae] o gt 4—4%%@3];40‘]05%&@4
X ¢k 13~15K]/cmo) c},

e, AR A 2@t 2A Y e

o o, Sz QAR masld T A9
< E o 16~19K//cmz], w2352 &

2 44
ol7] $1g YdEke A QAT E i=‘r rlde
o= £z egsek Aok ol LE ARAY A2
AL 959 FiEol o

6. FFEA Yol g X-4dAbet el zA A4
% ARyszdel dald §AITL PAAA @
sow, 53], zo] lmmEEi-e wAE oy
¢} Bz (bond)ele] #HA X Zd A x Hv400 maxe.
2A vl vt2slele, wojuelE, sldzle]E e}
4o] A QA s|elo] = 2Aolw 2 9]¢l Y9
L el se el 2Ae2A, ¢4

o FAG 2R3 % 2L PRNA GRS

7. elA T gewel HARA A4 Aol
o S5 +FEUT A% A949% $4FR
54357} 7H5g Aol

® B
2 AT 82dF ML ERIULERYES T
of g8 & 3540*4
2 A7 YaAFA MUMES HEEENE

), FEEEGD), SRBHGD 2 BESEE
G BAAN YA BAzelH, 4PE Astd A%
40T olrlx G W EH BHS X B B%e
A RAE =t

2 E X W

1) Hibshman, M.S., Jenser, C.D. and Harrey,
W.E.(1933): Electric arc welding under wa-
ter. AWS Welding Journal Vol.12, No. 10,
4-9.

2) Waugh, R.C. and Eberlein, O.P.(1954):

Underwater metallic arc welding. AWS We-
lding Journal Vol.33, No. 10, 531s-334s.

3) Madatov, N.M. (1965):

the bubble of steam and gas around the arc in

The properties of

underwater welding. Automatic Welding Vol.
18, No. 12, 29-34.

4) Masumoto, 1., Nakashima, Y., Kondo, A
and Matsuda, K. (1971): Study on the und-
erwater welding(Report 1). Journal of JWS
Vol. 40, No.7, 683-693.

5) Hasui, A.(1974): Phenomenon of underwa-
ter welding method. Journal of JWS Vol. 43.
No. 4, 403-410.

6) Fukushima, S., Fulushima, T. and Kinug-
awa, J.(1981): Preliminary experiment on
improvement of underwater wet plasma we-
Ids using filler metal. J. JWS Vol.50, No.3,
92-98.

7) MEE= (1981): RFBEAKTEHEEL R
FLDBEEE, AABEERASE KL THENL
BRH.

8) Oh, S.K., Nam, K. W.,
Hasui,

Jeong, H.S. and

A. (1983): Study on underwater we-
lding(Report 1)-Its weldability-Bulletin of
KFTS, Vol.19, No.1, 63-70.

9) Hasui, A., Sura, Y. and Kurihara, M. (1
981): On formation of porosity in underw-
ater weld metal. Journal of JWS Vol. 50,
No. 12, 1225-1231.

10) Takeda, T., Yamada, S. and Fukunaga, L
(1981): Study on the weldability of wultra
high strength steel for deep submersible
research vehicle. Journal of JWS Vol. 50,
No. 8, 807-814.

11) Hasui, A., and Suga, Y.(1974): On unde-
rwater gravity arc welding(Report 1). Jou-
rnal of JWS Vol. 43, No.8, 767-775.

12) AWS(1976): Welding hand book, AWS, 1-7
p- 36.

13) Oh, S.K., Hasui, A., Kunio, T. and Wang,
K.K.(1982): Effects of initial energy on
acoustic emission relating to weld strength
infriction welding. Trans. JWS, 13-2(Oct.),
15-26. Proc. 4th Int. Sym. JWS 4, JWS-V-
8(Nov. 24-26), 713-718.

14) Wang, K. K., Reif, G.R. and Oh, S.K.(1
082): In-process quality detection of friction
welds using acoustic emission techniques.
Proc. 63rd Annuai AWS Cenv., Sess. 5-A
(Apr. 27). Welding Journzl, Res. Supp,
AWS, 61-9{Sept.), 312-320.

—59 —



