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A Study on the Wet Arc Welding Properties with Different Electrodes

in the KR-RA Steel Plate

Sung-Hun Hwang

Department of Metallurgical Engineering Graduate School of

Pukyong National University

Abstract

Underwater wet arc welds were experimentally performed on 1lmm thick KR-RA steel
plate by using six different types of flux coated electrodes of 4.0mm diameter;
KSKR, KSKT, USBL, JPUW, UWEA, and UWEB. The following results were obtained,

1. In aspect of bead appearance, detachability of slag, spatter producing and arc
stability, UWEB electrode obtained more superior weldability than KSKR and
KSKT electrodes.

2 The weldments with different electrodes differed little from those in
the cross-section structures, but the Bond with UWEB electrode was more

narrowed than other bonds.

3. The hardness values of Bond were most high among the Weldments. The
hardness distribution was most suitable in the welds with UWEB

electrode,

4. E..r and I in HAZ and Weld metal were similar to Ecor and Icor in Base
metal when welding with UWEB and JPUW electrodes, therefore the

corrosion resistance of UWEB electrode was improved.



1A #

Ao @ A Ere o &8 wolv] st s FN I P
Bo thst AF7F ohbde] # 3z gt FR A SlvHI-6). o] el gk s A
TEES £F bgr)Ed 9% Agel destA 2 slojy &gk wejel

o Eael Fa® ANE AsA B Aew A7ET-10)

glo] Bestd Hm 7]Ee] s rrEel Fu L Wy FooR, a1
& Mol Az Ba4 2 713 s R Ad® =5 SHd g 2

Qo] A a1 7]&o] skAbo] QtE L QQTH11-15].

A sholakgl, SR E T A

of @Ag Ay niggel AgHAT FHY AA) ALy opy)
o, rxEel 4% 29 2 F51Ed $ SUNES WA 2E )

542 Ao an mH B4 AuE RFolor DrHIe18]. L £
Zold 1% 83 olgit FuHe Awsl FhHel HAel Axe
S oobd A2aA @ we ATAAES 74xa JeH19-20]

GA rE oola BAe WASE £3/% SgdEe WS
Zobell olal wolt}h A1F Sl £4 Agtel WAV AAW FF AR

oz §HE FEANC g aAsm AAAY FYBYOR F8AHA
2=

H
o AgRIL 4 FF oka g3 3AS % Bgsen 2E g

“



F% &3S 180251 W=e] Humply Dary7H25] # & o5 5o okt
2 olog)7] A #E olF it A4F Y rEol vkt B e R
el w5 g3 7Ee A 2 Aath s v ARden, ol vw
o] ZTot=ut &4, gabzba &4 2 di opal &4 T A4E SHYe
& g3 AHese] vud FFd Ay Jddvn Kaus o
[26-28] Aol FF oba & gk A ok AAT FH T
ofz ¥ B gHE Aol w3 AAH A= A v FF A

o £ &4 Fol 2349 HEAovt kst s AR
Z £ AY AANE ol &sta, T UESI29] Fol M F4 FF of

BHEL AR5ty AAE FAAIHKR)Y A FF ok 8He A

CHA 4E ok $Alel U@ #AAY RASY $& vasAdt



2. o] A w7

21 W HA 9] 4§

HEAL ofaddd olste] §gslo) ok 5F L 3 FEHE oY)

B B3 o 28-S A vhevh 2 H30-32].

D A=y FA, 994 Povs st SRR E o9 E
#] gkt

@ ofzre] St ; olAE HHEA V] Y EHAVIE HE=A

@ g viFo] a7 AT AR Sl aGlagE AP
@ A=, 3 2 A 2E BEES SFTHFORNE mohly o

~Off

6
© 8412 w145 AA B3 BRE A S A Gpaten A

® 117 2 vl e 858 8olsha

@ Fd19 AAE AA dtal v E(bead)E vlHBHA WHEH
0 &3 F9 &3% 353 (cup of coating)2 FA 0}
W &3E A9 A5 Sd=

W2 J5A71e 98-S vk

olg} e IEAY A& hd 59 Fx¥e 242 vEd 2o

1) U B Eo] &4

AuA 84 Fol A4 Wohe ok %7 ki 49 AEES YA

olo] &AF, 183 B EWS n#

o},

AANF B2 o5 AMrre] ke e



2) obzt 1917 24
v B A= ool oa Eajshel chube) shas WS, LAt &
Ay Aol A wEsbsae] el wEe] §3ude) dsh @ AshE ¥
Ak g2 Fo) bafe frlE, Tk, 571 el ok
@ 2§75 o wavt At lsto) ddsHLE WE
FeO + C —> Fe + CO
@ Hialel Ralol 9% gzl WE
MeCO; —> MeO + CO»
@ 718 Aol 9% £ R AAdstEs R
(CeH100s)n + 3n0; —> 5nH0 + 6nCO
@ 37 Wk Ralsel 4 SE WAL
HO + CO —> Hy + CO
S B o8 opARe) Y] FA e Yol AFLA(EL6) o]9]e) FoIM =
AarsE sl FaTkast U AL, ol wabrhash 577 &
o whuo] Qidl wato] AraAelAE Favkat F8l 43 Bkt

sl makdle] Atk o5 b4t 5SS drlwye wEs) Fuk

.|
X
i)
2
ofo
oo
o
by
B
rII.
olo
b
rl

o
Py
o
[
fol
ot
)



2.2 Tafel 9|44

o] AFWML S 2GR TAFAA AL volHE o] &kl T

SR A wAAAN RASES SR

3
— .
L ion,
o A
2 -l

EH*/'_‘2 ______ ;\__

\\6'!
g .
~
w i g
= corr -
\\ l /’
~ ”
~ ,
~ ”
~
ECOIT I ’4_-.__.

Added current curve

Z 7
oM W, - Tafel region
#
s
Lo
Emwmp 7~~~ -~

Active <— Potential, E(V)

Applied current density, (#A/cr)

Fig. 1 Tafel extrapolation to measure corrosion rate

ols} o] ARG HolHE o §tel B Tafel ML Fohiz olFi
3o 23A gy aEel o8 Hele} dda WEstel A

gehe @A) 2ah]) WRelnh oleh WE §IRFeINE £FA A



AP A 5 oglo] SRS wol AbgFh oAl oA
Tafel 9/4bdell ok 32 4] Fgo] ALl ofd gurte A
@ olth I Tafel 24P9S ARSelrE F3 1m@l BAKES ghs A

B oAl Ax s 2 o;’tj}VOAgz_ f?;

o = FA-o] 7hsshy, oW Al(system)] F-AHLeE A5

LI e

A AT33)



-

3. A3

)

AX 9 dAAR

h

31 APZA

B oagel ALER 4 5% 4% 84 A9 FHE Fig 20 ek

HEe} Zro]l ¥4 28mme] SB40 A HE AFE-dlo

2000mme] Attt YEE 222 Ao sgon, w RN EHE
2% 5 e wE e 43 £F 58 1 2 R e e

S = apgrol Aol 2000mm Zolo] BXelN HA £F % 44 A

27 2500mm, % o]

2o &8 FA3] g8 FHLLE 0C~100C74HA SAL ¢ o=
UAg eeAg ol &adn, #x g el wrls 2y fste] =
A FF Ryl A ojde] A o] &Hu i 55 fEE A

HAL 9ete]l Ml AAAF olFoR MAFACG I FAGHE
ol g3kl £l wEAl W SN 4 EEE SUA % ey A7

W RHARE 527 o] A Shdel Hojge] =g &



@®
)
&
@
©)
@
a3
©
a
o)

@
-
=5

ol 1®

*-—“fe @r‘.:‘:l

DC arc welding machine @
Ampere meter @D
Chamber ©®
Work bench &
Over flow pipe g
Sight glass @2
Circulating pump a4
Welding machine power on/off switch 16
Precision air filter ES
Communication phone box i)

On/off magnet switch
Voltage meter
Electrode holder
Driving dress
Drainage

Cooling water tank

b Data acquisition system

Alr compressor
High pressure hose

Diver's full mask

Fig. 2 Schematic diagram of experimental equipments
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Table 1 Chemical composition of base metal (KR-RA)

Chemical composition (wt. %)

C Si Mn P S Ceq

0.13 0.25 0.57 0.017 0.01 0.22
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Table 2 Mechanical

properties of base metal (KR-RA)

Mechanical properties

Yield strength Tensile strength Elongation Bend test
(MPa) (MPa) (%)
3234 446.8 24.0 Good

Table 3 Chemical compositions of core wires for UWEA and UWEB

Chemical composition (wt. %)
C Si Mn p S Cu
0.05 0.018 0.54 0.01 0.008 0.1
SWRY-11, ¢4.0 x 400
Table 4 Chemical compositions of welding electrodes
Chemical composition (Wt. %)
Electrode —
C Si Mn P S
KSKR 0.07 0.32 0.45 0.015 0.012
KSKT 0.07 0.15 0.37 0.014 0.013
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Table 5 Typical functions and composition ratio of constituents of covering on

the UWEA and UWEB electrodes

(Wt.%)

Constituent

Function of constituent

Composition ratio

of flux ingredients

of covering Primary | Secondary UWEA UWEB
Ferromanganese alloying deoxidizer 9 9
Silicate slag former extrusion 5 2
Feld spar slag former extrusion 14 16
Rutile sand extrusion arc stabilizer 30 29
Mica extrusion slag former 2 3
Starch shield gas | arc stabilizer 6 5
Dextrine shield gas shield gas 1 2
. contact
Iron powder | arc stabilizer ) 2 4
welding
Talc slag former shield gas 1 2
Titanium .
o slag former | arc stabilizer 0.2 0.5
dioxide
[lmenite slag former | arc stabilizer 10 1
Calcite shield gas shield gas 14 18
Clay extrusion alloying 1 2
Zeolite alloying extrusion 3 5
Etc. 1.8 1.5
Total 100 100




Table 6 Chemical compositions of electrode flux elements

(Wt.%)
Elements | KSKR KSKT | UWEA UWEB USBL JPUW
St 25.31 29.11 23.89 23.59 22.09 23.40
Ti 30.72 11.47 23.86 19.43 13.87 20.19
Ca 10.82 14.12 20.53 23.70 35.13 18.30
Mn 9.19 5.45 10.62 9.81 4.76 13.74
Al 8.36 3.39 443 5.01 3.32 2.87
K 6.31 1.59 4.07 4.60 8.56 3.58
Na 4.38 6.06 4.67 4.91 0.81 3.79
Fe 2.86 - 6.82 5.95 9.17 8.36
Mg 0.74 4.68 0.51 2.45 0.61 498 |
Zr 0.78 0.13 0.28 0.25 1.15 0.51
Nb 0.18 0.07 0.16 0.13 0.07 0.1
P 0.05 0.04 0.03 0.03 0.05 0.04
Sr - - - 0.03 - -
S - 0.03 0.03 0.03 0.05 0.03
Cr - - 0.09 0.07 0.07 0.10
F 0.32 - - - - .

_.‘]3_
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Table 7 Typical experimental welding conditions

Welding Conditions

Current (A) 190
B Voltage (Vj-‘ 35
a Welding speed (mm/min) 300
Bead length / Electrode length used 0.5
Welding angle () 75
Electrode source DCSP
Welding position Flat

EXHP VEE V3eAd.v
&

ToFile; AKRR ]

& ¥ Cisar Fis A ProRus & Gpan

—.

Amp.

Beprw.nEBEd

Fig. 3 An example

_16_

§ k)
mhe

of the HP-VEE programs



42 BN ¥

4 xww d&How WA ol Fusli: Al WaE ZRan
oo wpeh 7k Almel As)setd A ulaels) flskel ¥3AY
& Potentiostat / Galvanostat (Model : EG & G PARC M273A)E Al&35t%
o, M352 corrosion softwareE A}-£3}e] potentiodynamic scanningS A A
sttt

Fig. 49 ¥ A&l AL&%5 polarization cell?] 72k epliAT. 7]
=4 F(reference electrode)© 2+ 3}z 2 A =(SCE ; Saturated Calomel
Electrode). W % (counter electrode)® 3= W% €F4d(carbon rod)S
AbEak vt A &) ol(electrolyte) & 2 3= 3% NaCl &8 AFE-35I a1, As) A
o] %= 30T R FASAT AFAARAE -1.5Vl A +I7EA], FAES
T(scan rate)i= SmV/sec® 3FATE FIAlg Hel AlFHES 320~20001 7}
2 Anpsto] xout A RV|E Al A F oA EOR HA G

o5 AFANE &HE T ot §HGSE, 9T B Aol o

R H D (Ben), B RS ZAFSE] GRS RAZI AA &

_17_



P/G

]\_}L =

(1) Moniter (@ Potentiostat/Galvanostat
(3 Personal computer @) Counter electrode

(5 Reference electrode © Specimen

(7) Corrosion cell ® Electrolyte

Fig. 4 Schematic diagram of polarization test apparatus
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Fig. 5 Schematic diagram of polarization test specimens

(a) Welding joint design

(b) Location of polarization test specimens
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Table 8 Typical measured average volts and amperes

Volts | VAmperes | Bead length / | Welding |Welding speed
) (A) Electrode length| angle(") (mm/min)
KSKR | 35-40 200-210 0.5-0.7 65-75 25-30
KSKT | 28-33 205-210 0.5-0.7 65-75 25-30
UWEA | 23-28 206:210 0.5-0.7 65-75 25-30
UWEB | 29-34 205-210 0.5-0.7 65-75 25-30
USBL | 25-30 200-215 0.5-0.7 65-75 25-30
JPUW | 28-33 205-210 0.5-0.7 65-75 25-30

_22_
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Fig. 6 Oscillograms by underwater wet arc welds for different welding

electrodes

(a) KSKR, KSKT welding electrodes
(b) UWEA, UWEB welding electrodes
(c) USBL, JPUW welding electrodes
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Fig. 6 Continued
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(b) KSKT

_ (a) KSKR

(f) IPUW

Fig. 7 Bead appearance of multi-pass underwater wet arc welds for

comparison of different welding electrodes
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(a) KSKR (b) KSKT

(c) UWEA (d) UWEB

(e) USBL (f) JPUW

Fig. 8 Macrostructures of underwater wet welds for comparison of different

welding electrodes
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Fig. 9 Microstructures of underwater wet welds for comparison of different

welding electrodes

(a) KSKR, KSKT and UWEA welding electrodes (x200)
(b) UWEB, USBL and JPUW welding electrodes (x200)
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Fig. 10 Hardness distributions of Underwater wet welds for comparison of
various welding electrodes

(a) KSKR, KSKT and UWEA welding electrodes
(b) UWEB, USBL and JPUW welding electrodes
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Fig. 10 Continued
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Fig. 11 Polarization curves of BM, HAZ and WM in underwater wet welds

using various welding electrodes

(a) KSKR electrode (b) KSKT electrode
(¢) UWEA electrode (d) UWEB electrode
(e) USBL electrode (H) JPUW electrode
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Fig. 12 Corrosion potential of underwater wet welds for comparison of

different welding electrodes
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Fig. 13 Corrosion current of underwater wet welds for comparison of

different welding electrodes
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