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In the submerged-arc welding process, welding speed can be increased proportionally to the number

of electrodes. The increased speed, however, entails an increasing number of welding variables to be

controlled, thus resulting in uncertainty in the formation of bead.

With a view to establishing & high-current, high-speed welding technigue using 3-electrode submerged-

arc, this paper considers particular functions of each electrode, and then studies some specilic welding

conditions {or a possible application to seam welding of linepipe.

The results cbtained confirm the ieasibility of high-current, high-speed welding and reveal! that

properly selected welding conditions prevent the occurrence of undercut even in high-current and

that upper hmit of welding speed is limited by a shortage of deposited metal.

L. £ ap&

BEOH, fER{b XA EFTNL
LT, Bx0REREYRVC-EREEECOWRE
2, BBEEEOWRNET THEAZThA T
“a

70T — g R, REN BB
L TEEBEMORFCA{CAZ L TVv 3
B, FOEETARL CTERT T COERD K
Bl ABEL, SEEIFLETOLENE L
OOFEBEGESDRTED, HEELT LD
HEEY AL Lo 3BEFE E 2B
Lo L, BEYERETT > BE BRI

ZRFAE— Pl i ulesd, Lo
EEHOSZRT, JERFELRLINEST
FEr 2R B & vaiicbWEIRE S 5,
AT DY — AEECIBEEYERLLL T
HENHENA L, BRTIIL 2ERESA
WhER TS, BEY S VT — S EEC BT
TEBLTEEL ToEER, EEORRLLED
—DTH DD, Y~ VERIEERMEICELCE
Bxih, #EEFOEINC ELc s b OHEE
ERAEHER D Licdh B, THET
i, 77—/ 0TEWRABCY » E— FESELT
B ETY BHILRTOWBRETED, BERET
RBETHEEBERNCTRhR TV %,
3EREEY 7 -V 7 — s EERERYHELT

Y AWRETRETREIEHREA
ORI R AEER - TR

** BRI E

— 100 —



Vol. 6 No. 4

SBEEFEY S v — 0T — 2 EERICOLT 589

SEMT, BERECORTEROMERAEEY v —
FaAv 7 v—rOFRHLEEL, Thicg &
EALTOY — A BB RIT LA &SRS
Lie

2. SEREFECKTIBREDIEREE

HERBETOFHERMEE, WALADRTF
L D p Bk 20 B T4
Do BHESBORECY, BIERBEALERLE
EESZLRT, 2ol X UREC KRR
ELVWIERREL L2, TR TNUHEE
TR, HEEREETI, EEAETTEBEN
A, |WE, BEBRASEL bRIUEED 0
LB, BE, FECHASNMAREL, LaL,
EEEDBEITL, FEBITTRE NS e
YRBI LD EATELLMDL, BRI
BLTEEROERALIEEL Tk, S8

Table 1 Weiding parameters in this test

| Wire  |Welding| Arc  ‘Welding| Wire
Pole linclination [current ‘ voltage lspeed spacing
(deg) (A) (v ‘mmhnm) {mm)
. - - z
L0 1450 | 35
L | - ‘ 22
M | 15+ 1200 ' 50 250 ———
T | 35 ‘ 1000 ‘ 50 | 20
* Wires were inclined in the direction of
travelling
L : Leading
M : Middle
T : Trailing

Photo. 1 Three-electrode submerged-arc welding
head
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Fig. 1 Relation between bead shape and leading

arc voltage
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Photo. 2 Welds made with cone, two, and three
electrodes submerged-arc welding heads
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Fig. 3 Relation between bead shape and arc voltage

(Arc current: 1 200A, welding

speed: 200cm/min)
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Fig. 4 Relation between penetration depth and arc
energy given{J: arc current E: arc voltage,
w: bead width, v: welding speed)
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Fig. 5 Relation between bead shape and
middle arc current
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Fig. 6 Relation between bead shape and
middle arc voltage
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Fig. 7 Metai flow in molten pool by three-
electrode submerged-arc welding
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Fig. 8 Relation between bead shape and

trailing arc current
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Fig. 9 Relation between head shape and
traifing arc voltage
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Fig. 10 Joint design for 19mm thick plate

Table 2 Submerged-arc welding piarameters

Wire : Welding Arc Welding
Pole dia | current voltage | speed
(mm) | (A) (V) |[(em/min}
L 1400 i 35
M 4.8 | 1150 45 230
T i 700 45

Licioto,
LIEDERN G, ZoBORIEEMAT &~ F
EAEV T -7 - s BEY- VO UBRE
FERA~— FECHEET LRGN T - 2 TR
L, AE &T P FRREONEE- FOL— b
b L L 5 L TRE LD EEL LR
Do Lo, IORLEWIET S, E
Pe— FERTDE- PV IRER S L 51,
EXEFTEBA AR R CEREYILL - THESRE
YRETLLEXD D,

3-2 TLHNy FIHTSHRE

BRI T BT EEERAREE LD, —
Apgiciy, Fig ¥ Rt X 3 emBRHccni2
E7vEhe vAARELSTnh, BAGEE
EE T 3,

TYEHy rEETAZE MEB7—-208
BEREERIVTHROBENEETHS,

Fig. 12 1 1 LEOCER %1 0004 L 01 400A, T
BOBMRY LEONS LT, MEBR>TLE
BickEOQOT Vv EHy FEREERITFY - Vg%
FLTVw3, MEBER  MEVGEST, L, M

Py
by Ne 2
CO2 arc

covered arg

Photo. 4 Effect of relative penetrativn of sub-
merged-arc (inside) and tack (outside)
weld on occurrence of porosity

— 105 —



594 JI g Bk ROIR

October 1974

TR T OEMOBEENE < HRIAME T~ O EImm
YT EF L, ¥FRMBERISAEVEBESE
it, LMEBTCHEC L 2EEROANEL

1000
i =100
= 7 i
E - ] &
= lo0g Undercut b -~
= £ 1 E
= F i £
o - -
£ 3 T
%- Undereut =10z
E . 3 =
z reel 3 -
R-EN T 1 =
- F - =
g g e
& E Gas shielded B S
i |  tungsten arc . v
Gas shielded ~ Oubmerged 31
metal are 3
1 L . it i
10 100 1000 10 000
Current [A;

Fig. 11 Maximum speed-current relationships for
undercut free welding®
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Fig. 12 Relation between bead shape and fu/JL
(I, : leading arc current, Iy: middle arc
current)
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Fig. 13 Relation between bead shape and trailing
arc energy given (fr: trailing arc current,
Er: trailing arc voltage)
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Table 3 Standard welding parameters of three-
electrode submerged-arc welding

Welding current Arc voltage
Pole
CAD (V)
L f I 35
1 —
0.8 45
T 0.6 I, 45
ue D undercut bead

m_f‘ 1200{ T,—‘1400A 1 =160BA ir © irregular bead
- mom\
E \\
=
=
&
£ 5t D\c
- *\s
o I ‘BUOA *‘-.,.Q‘ ir
g L. 35V \'*Egﬂ:l‘f
- M :0.87, 45V -

T 061,45V
0 I 1 Iy | —_
100 200 300 400

Welding speed (em/min)

Fig. 14 Relation between bead shape and
welding speed
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Fig. 15 Relation between deposited metal

and (fu+Iy+ i) /v
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Weiding speed {cm/min)

2 1600A T4 EEME 350cm/min 7 v &
v MAEERT, LEYELCEERCLTLM
BIUVTEOFRTRAEEIMET Lo &t
BA B it s 5 Fo,

Psds, 300cm/min BEOEEBHE L IUWEE
U AYEROTREENT VI Do P ORER
HEindice, BREEOHEASEC > TLER
TLHERB S,

3-3 BERBCOHTIRESLICBREHD
RE

LT, BERLBERECRFIOVTR
Bl TAVERLETOY o —ABET — 2
75 X~ OESHEL E R SR E, B
T O YAy FMELERCLET S, v E, B
MHBEESL ) OBEERY © - FRFTOERET
B THEL THD,

Fig. 15 13 LAER L %800~1400A, M, TH
BEA N EN08], 051 2 L, FE v %135~
415cm/min OEETE — F4 v 7 v — FEEL
ok EF OBEBEMOMBEER S (cm®) LEH, &
EoBFETHD, SRHOXTHRHLED,

S=27% 107 (Ju+Tu+Ie) v oo ()

W OB BL Fut, Table 3 DEALET

Lo kb5zt:r20S Leolfe Fig. 16 KRt

Fig. 16 Relation between deposited metal and IawkEs,
welding speed
Table 4 Estimated critical welding speeds for various grooves
| Groove depth g4 {mm) Groove angle
o ! 2 4 6 | 8 9 10 (deg)
G* (mm%) ‘ 3 nojon s | % 70
G + R (mm'y | 28 w | s | 7w g2 | %
: : 70
_ ! :
Welding speed | J1=1200A ‘ 275 220 155 110 - % | W
(cm/min) IL—=1400A | 330 250 180 130 me | 95
G* (mm?) | 4 16 3 | 64 | 81 ' 100
G + R+ (mm?) 29 41 ‘ 61 i 89 | 106 | 125
; } ; 90
Welding speed | [L=1200A 270 190 . 130 | 85 ‘ B 60
(cm/min) =1 400A 315 220 ‘ 150 00 | 85 KD

* G : Cross sectional area of groove

** R : Cross sectional area of reinforcement (25mm?*)
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DEFEERINEEREMRCI - TEST D
FBAF—HRCE 25mm, |2 Zmmo=AaF L
T3 E, Fig. 16 56 EFEARC N 2 5EHE
Bo ER{EY Table 4125+ X AiniEETE %,
PEEEREXes  4mm LT T, BEREGY 25
HRBTAEERIL, Fig. 16 5 L %#800A L L
T 330cm/min Bl b0 &N T LD L2
A, Lichia T, ZoB8C IBESEYRD
HOLEERORIREB LI Th v, anl
6mm Ll ETi, BEASECY - THEEEEN K
AL, Fioad SmmiBETIL, o 1lmm
DA F20% OHEER EIToA 5, ThbD
ZEnb, EERBERTILOICEETAER X
VHEOEETIMNIEERE ME L5,

%7, Fig. 14 ORFEHLERE X D ERARE
ZOE R #EET L L, EE 150cm/min §iE T
ESARIE S 100A H7: 09 0. 7mm DBER s
Bo LictioT, BERTEELT I LT, &
Bt r ZHEMERORED, SIUEEED
BND 2 00BERALEELEE LA TER TS
B

BEwdn, a8 @SB EEER7
VED, rBELOLEEETROIIDIER
NLZTEMVELTHA, L &#1400A &1L, £
WOETCERICL ZEEELM: (HELERED
b DR S +2 Table 5 &7 %, H/E 9mm
DTFTEHYEL IR0, BALNETEL
PRILEELYREETLLSHTH D, ZORET
TAut, B, SERCKELLZIEERY 7 <
T — P EEYITS I ENTE S,

4. ¥ & B

RATOy - ABEECEATLLPHBEL
T, 3BEW»7 -7 — I ZEREERC
DOVWTRE L, 2E¥OBEEN L bR

1) L7 — 7 8REERCELYY J vy
R LT 5E, Lichhs T, LEOEREER
BEEALBEICIE L TEETRE L, COBS
T BEOCEEYREAFEE L LS LV

(2) MEOCERILEDS CEMN Y HE S ¢
T — FEROFHEAF LT > LnE D, Lic

Table § Typical welding parameters for three-electrode submerged-arc

Plate Groove * Welding condition ** i
thickness p I . b . Leading . Middle Trailing Speed
Current| WVolt. |Current| Volt. |Current! Volt. .
d
(mm) | ey | (wm) ‘ Cmm) | mm) 7005 vy | (A) | (V) | (Ay | (vy [emimin)

6 90 z . 2 2 100 ) s | 80 | 45 | 6o | 45 0 280
9 90 2 ‘ 3 4 1200 | 35 | 950 ‘ 45 } 720 | 45 280
12 90 3 4 5 1400 | 35 ‘ 1150 i 45 ‘ 840 | 45 230
16 70 5 5 6 | 1400 | 35 | 1150 | 45 0 om0 a5 200
19 ‘ 70 6 6 i 7 } 1400 | 35 1150 : 45 840 - 45 180
2 | W 7 17 g | 1400 ‘ 3B 1180 ‘ 45 80 | 45 150
25 ‘ o | s 8 | 9 | 140 3B 1150 ‘ 45 810 | 45 135

* g **  Wire dia. : L4.8

Ny lst pass {mm) M4.8

w3 T4.8

" -~ Wire extension : 40

= (mm) M45

/4‘—“\ 2nd pass T45

g Wire angle L0

(deg) M15

T35
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