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A Study on The Lead & Trail Torch of Current Decision
For Tandem Fillet Welding Quality Improvement

Dae - Kyu Park

Department of Materials Processing Engineering. Graduate School

Pukyong National University
Abstract

Fillet welding method 1s one of the many used welding process, and also
is easy applicable in automatic welding. Welding Speed of 1-pole auto
carriage was much faster than semi auto fillet welding about 2~2.5 times.
However, the ship size 1s getting bigger, so many same shape block is
needed. Therefore, high speed fillet welding is required. We adopted new
tandem f{illet welding in the process. and it's welding speed is improved
about 2~2.5 times. However, the setting of working condition is difficult
and much repair welding ttime and grinding time is required.

Accordingly, We studiecd how to make a decision about reasonable
conditions which have minimized repair welding time and high quality.
Besides, We research on a tandem welding of quality variation on factor
variation.

In that results, The deciding method of available welding current range
was developed. We could get good quality in the range of Lead & Trail
current ratio (CR) value, from 0.94 to 1.16. 1>CR is hetter when the
quality of fitting condition i1s not good. To rcecduce blowhole, using 1<CR

value 1s hetter
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Table. 1

Classification of various welding

o L] 9] 34 5 ) FHEF A8 BE WY 8] a1
| Esw Aarel | qEgle T
PW
['W, RW gt ] =R e nEE
RW
LBW HAlY A gl HE9ls
EBW HAbd areElels g
- DFEW B ofsh gte] | 7ps s W@ | SAHEA
GMAW
#7114 GTAW
of 1] %) PAW otz arelgle 7}~
EGW
FCAW
SAW
SMAW ol= g A5 =Y~
FCAW
FW
FwW, SW ol AR HES
SW
DEW Halg ofglal ZVAHE S
R =T —} 3;53 5 ingi% A3
R ™w wgud | wgme | Z4-
N Cw - 4ae W | mEges | aed
A A - -
FRW SEi! i g HEde S
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) CW : cold welding

DEW -
EBW
EGW :
ESW :
BXW
FRW

diffusion welding
electron beam welding
electro gas welding
electro slag welding
cxplosive welding

friction welding

FW © flash welding

GMAW

1 gas metal arc welding

GTAW @ gas tungsten arc welding

LBW ! laser beam welding

PAW | plasma arc welding

PW
RW

projection welding

 resistance welding

SAW © submerged arc welding

SMAW
SW

shielded metal arc welding

: stud arc welding

TW : thermit welding

USW : ultrasonic welding
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Fig. 1 Diagram of CO; arc welding system
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Fig. 2 Schematic of COz arc welding process
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Fig. 3 Schematic of fillet welding standard condition
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Fig. 7 Schematic of tandem fillet welding (longitudinal)
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Fig. 8 Schematic of tandem fillet welding (traverse)
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3.3.1 A9

&3 AR ¥stel wet ofo]of %“—:Lé?-E BstE SR Agte] sholof
srle] &3 iyl ¥d £x 548§ dITE *‘?*%‘5}04, ZA He
#ol A CTWD)E 25~30mm A8k, &3 7He AL dFolA o
AF 712 dAld oz A{FE FT7HA7IHA] 87 S 73

olnf dzpjoA FHFE AMNEe LHAF AF, Aol
A BURE Al=deA Az AEEle HolHE 559

00211
ol
i)
8
il _,r_‘,

<A =34 >

n HFES: ¢F 150A ~ 400A

B ALR 9}o]o): g1.4 Flux cored wire(KX-200H)
B CTWD: 25~30mm

B H T2 100% COg, 20~25¢/min

B Power Source: SCR 500Aw

Table. 2 Chemical compositions of consumable electrode

00 Wire Spec ¥ &334 3e48E(%)

8354 3o E(%)

Spec ¥ KX-200H
C Si Mn P S
7A‘~i% ADZ20 BE70T-1 = 0.18 = 0.90 =1.75 = 0.03 “ = 0.03
JIS YEFW-C50DM = (.20 = 0.90 = 2.00 = 0.03 = 0.04
KX-200H 0.036 [ 0.56 1.63 0.012 0.014

<E-AAH]: Emission Spectrometer> vl a% 4% 549717 F4 2
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Fig. 10 Experimental set up of wire feeding speed measuring

_24_



333 49 2% 2 n#

A57F Aol wel golo] FaE
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Fig. 11 Wire feeding speed according to variable output current

,25_



3.34 A% Aol hE sfolo] $REE 9 8A

Graph. 1olA B+ 23 FZo] F8A 30jz gojo] dAFx F7tol 27k
_]

FAEEE 2a e e HEhbeE A 2 g AT

Regression Plot
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% 1000~
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§ i I f I I
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Current(A)

Graph. 1 Wire Feeding Speed by Qutput current
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Graph. 2 Regular malting weight at Tandem Welding
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4.2 4845 100CPMolA 1-Ex 475 99 A&

4.2.1 49 W 2 ] 74

<Ag 2>

o

Work angle: 45°+3
Travel angle: 2 K2t 90°

Shield gas: CO2 100% 20~254/min
Travel speed: 100 cpm

CTWD : 25~30 mm

® Consumable Wire: gl.4 Flux Cored Wire
® Power Source : SCR 500A

Power
Source
Current Hall +) (-)
Sensor
PR 4
U
=
[. i : ,;(:I - }‘\l 3 !/w‘.\/."v'\f,ﬂifu?m.‘.\/n \/"V’JL"I/‘L
| T
‘ ~a--300mm g | s PR I U
‘ detaz

Arc monitoring

svstem

Fig. 12 Experimental set up of single torch fillet welding
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4.2.2 A A3 @ uF

- s CurrentfA)

Voltage{V}

Fig. 13 Waveforms and bead shape at welding current 129A

Bead unformed, Short circuit transfer

= B— TTEY
ne
i

Current{A)

=T T3

Fig. 14 Waveforms and bead shape at welding current 155A

Bead unformed, Short circuit transfer
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| Current(A)

Vaoltage(V)

Fig. 15 Waveforms and bead shape at welding current 187A
Bead unformed, Short circuit transfer

PreTeers

i Current(A)

Toltage(V)

Fig. 16 Waveforms and bead shape at welding current 227A

Bead formative, Short circuit transfer
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A Current{A)

Fig. 17 Waveforms and bead shape at welding current 263A

Bead formative, Short circuit transfer

-

: Current(A)

Voltage(V)

Fig. 18 Waveforms and bead shape at welding current 283A

Bead formative/ Short circuit transfer
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e P
] e

win

i

. |Voltage(V)

Fig. 19 Waveforms and bead shape at welding current 299A
Bead formative, Short circuit transfer

I : Current(A) : :

i

Fig. 20 Waveforms and bead shape at welding current 328A

Bead formative, Free flight transfer
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MWWWWMMMMWW:

[ Vottage(V)

Fig. 21 Waveforms and bead shape at welding current 342A

Bead formative, Free flight transfer

P .
) Current(A) - :

Joltage(V)

Fig. 22 Waveforms and bead shape at welding current 368A

Bead formative, Free flight transfer

arc unstable(feeding unstable)
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e

Current{A)

ltage{V)

Fig. 23 Waveforms and bead shape at welding current 390A
Bead formative, Free flight transfer

arc unstable(feeding unstable)
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A4S B 4 9o, o7 Bk #4S 39 BMS 53 o &
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= golo] H9 EetAolgka ddd
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Table. 3 Result of 1-torch welding test (100CPM)

23 AR ARC
TEST NO. H)al
(A) A A
1 129 e %4
2 155 X e
3 187 e X
4 227 X PaN Hl =3 4]
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Current(A)

700—

X X XXX XX XA % x

< x y . Tt Curent

x

241g/m
Trail Torcl
Q o + + +

o +

0.5 1.0 15 20
Current Ratio(IT/IL)
() :Lead torch current
+ @ Trail torch current
X :Total current
— : Total malting weight{g/m)[E& 2= A+2 X 2= 28]
= Lead torch #37}s A% 949
""" Trail torch 837 A7 949
K& kel & o] 2 A9 (theoretic area of tandem welding)

Graph. 3 theoretic area of tandem welding
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4.3.2 4% B

<AEEEH>

0

B Work angle: 45°£3

Travel angle: 2 X 2+ 90°

Shield gas: 20—254/min

Travel speed: 100 com

Consumable wire: @ 1.4 Flux cored wire
CTWD : 25~30 mm

Distance between electrodes: 35~40mm

Fig. 24 Equipment of experimental
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Fig. 25 Experimental set up of tandem fillet welding

_42_



433 A% 43 2 13

D AFd A5a CR: 1.29

CR#tol 1} 7] 991 TR dft dgas uo 2ok A8 ¢ 5
otk mheba] CRYE 1209 4% Fig. 26 (ol H@EAe) opa 2ol
3 AHE B 5 2er A9 AR ) b, 2ae] AR
(Gap4, CTWD W8, =34 Wshe] Wats o}arl #ebys) A
da) wl=gy Bepol ostel Fo) ul=ol Sl@ A4 A A%t @
RAolet werg ok

-

LY

| Trail Torch Current

ety A A pro A,

B v s S " Ll
o

’Irnl 'lor(h Voltage

:;.L P —r— e | -

a) A=A HiF/ A LA
b) FHEA AR Age ok wUHY 1
c) CRak 1.299 42 vz 324}
d) CReE 1.2991A ¢} mlaz v ALd

(Mg vxe] vho 493 b dA bl thEdle daE ddlth)
Fig. 26 Lead & Trail current ratio (IT/IL): 1
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2y A3l AFH CR: 1.16

Fig. 27 (a), (0olA A& 229} 58 EAo ofA7t ok 4el Hg =
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Fig. 27 Lead & Trail current ratio (JT/IL): 1.16
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3) 38 e CR:1.05

Fig. 28 (a), (b)eld A=A FAEA ] o Fdde CREE 116

oA HE AE wel4w A4 AFe] F47 Aol 0] ol

|
. . Ie) .
A A% % Ak

Lead Torch Current ' {| .| Trail Torch Current

s * . e L - .
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a) MAER Af/ A ol EuEF g
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A
(CRAL 1.16 vletd 22 47 A HA zZpdel b5
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Fig. 28 Lead & Trail current ratio (IT/IL): 1.05
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