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A Study on the Development of Hi-Pro FCAW
for One-side Butt Welding in Thick Plates

Kum-Gi, Park

Department of Materials Processing Engineering, Graduate School,
Pukyong National University

Abstract

The Hi-Pro FCAW welding is high productive arc welding process. This welding
method is generated by twin arcs which are consist of right wire and left wire in one
power source. Therefore we can get deep penetration and high deposition. The
contact tip distance is 13nm. This welding should be occurred interference
phenomenon between right wire arc and left wire arc. We try to monitor arc
currents and arc voltages. Coefficient of current variation and coefficient of
resistance variation can estimate arc stability index.

It is purpose of this study that is arc stability of Hi-Pro FCAW for variable welding

voltages.

Key Words: Tandem welding, Twin welding, Hi-Pro FCAW welding, Melting
weight, Arc stability, Coefficient of current variation, Coefficient of resistance

variation, Molten metal, Flux column
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Fig. 2.1 Schematic of tandem welding in the fillet welding
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Fig. 2.2 Schematic of twin welding in the fillet welding
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Fig. 2.5 Melting rate in the Hi—Pro FCAW
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Table 3.1. The conditions for variable voltages

Each Travel |Electrode| CO: gas .
current speed | distance | flow rate Welding voltages
275A 30cm/min|  13mm |60 ¢ /min| 23, 25,27, 29, 31, 33, 35V
350A 35cm/min | 13mm |65 ¢ /min|23, 25, 27, 29, 31, 33, 35, 37V




Fig. 3.1 Equipment for experiment
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—e— Coef. of current variation for right arc
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Fig. 41 Coef. of Current Variations & Coef. Resistance Variations
by each 200A
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(a) Each 275A, voltage 23V
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(b) Each 275A, voltage 29V
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Rht arc current
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(c) Each 275A, voltage 35V

Fig. 4.3 Bead appearance & Waveform for variable voltages
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Fig. 4.4 Coef. of Current Variations & Coef. Resistance Variations
by each 275A
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(a) 0 msec (b) 1.33msec

Wire Ml colimn

(¢) 2msec

NMolten metald

(e} 13msec (f) 15msec

15.33msec h) 15.66msec
g

(i) 17msec

Fig. 4.5 Photographs of molten metal transfer by each 2754, 23V
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Fig. 4.6 Photographs of molten pool by each 2754, 23V

Rig t arc »;urt-- HE

Le -- -xf : cu-rgpt N
(a) thite)

Fig. 4.7 Output currents and voltages
(Each 275A, voltage 23V, speed 30cm/min)
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(a) 0 msec (b) 8msec

Lo colunm Naolten meteal

{c) 19msec (d) 26.66msec

(e) 28.33msec (f) 29.33msec

Fig. 4.8 Photographs of molten metal transfer by each 275A, 29V

Fig. 4.9 Photographs of molten pool by each 275A, 29V
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Right arc current
CIR T

ld) @
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Fig. 4.10 Output currents and voltages
(Each 275A, voltage 29V, speed 30cm/ min)
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(a) 0 msec

Molten metal

(c) 7.33 msec (d) 11.33 msec

Flus column

{e) 17.33 msec (f) 20 msec

27.33 msec h) 28.66msec
g

(i) 32.33msec

Fig. 4.11 Photographs of molten metal transfer by each 275A, 35V
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’{c)

Fig. 413 Output currents and voltages
(Each 275A, voltage 35V, speed 30cm/min)
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Fig. 4.14 Penetration depths, heights, widths by each 275A
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Voltages 1 2 3

23V

20V

27V

29V

31V

33V

35V

Fig. 415 Photographs of macro sections by each 275A
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(a) Each 350A, voltage 23V

Right arc current

Right arc voltage

(b) Each 350A, voltage 31V
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ight arc current

!Right arc voltage

(c ) Each 350A, voltage 37V
Fig. 416 Bead appearance & Waveform for variable voltages
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Fig. 4.17 Coefficient of Resistance Variations by each 350A
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Moltenr metal

(a) Omsec (b) 7.66msec

(¢) 10.66msec (d) 11msec

{e) 12msec (f) 16.66msec

Fig. 4.18 Photographs of molten metal transfer by each 3504, 23V

Fig. 419 Photographs of molten pool by each 350A, 23V
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xa)

Fig. 4.20 Output currents and voltages
(Each 350A, voltage 23V, speed 35cm/min)
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Flus column =~

(b) 9.33msec

CAModren metet]

(c) 10msec (d) 10.33msec

Fig. 421 Photographs of molten metal transfer by each 350A, 31V

Fig. 4.22 Photographs of molten pool by each 350A, 31V
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fLeft arc current
’ .‘,(.a). )

Left arc voltage

Left arc resistance -

Fig. 4.23 Output currents and voltages
(Each 350A, voltage 31V, speed 35cm/min)
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s~ colunm

(a) Omsec (b) 8.33msec

Maolten metad

(¢} 21.33msec (d) 23msec

(e) 25.66msec

Fig. 4.24 Photographs of molten metal transfer by each 3504, 37V

Fig. 425 Photographs of molten pool by each 350A, 37V
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Fig. 4.26 Output currents and voltages
(Each 3504, voltage 37V, speed 35cm/ min)
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Fig. 4.27 Penetration depths, heights, widths by each 350A
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Voltages 1 2 3

23V

25V

27V

20V

31V

33V

35V

Fig. 4.28 Photographs of macro section by each 350A
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4.5 Hi-Pro FCAW & 7% # &

451 A3y

HAAA LS 95 A HEAAF(WPQT: Welding Procedure Qua ification
Test)9] AL 500mm x 1,000mm x A0t(EH36), /A2y 35°, & 17
sz HEsgoh. aEla o] A AE o]EeiA o R X}‘ﬂ &4
stdth. £71 & AFdHe 484 FH vy FAE s B A4
Qe AFL AASA = 71A A b“«l e A% SgAAn MY
m ggRel dggre 4 As RS fsy] o T AP 29

1 Ax AFeldd S %*ﬂ"]t}ﬂ% b =48 (Reduced scction
lension test) APHEL vrEo] dAstdty. 3 A2 FW ¥ AE
o syt A% AFe w2~ AnAEA FHFE TR A 7
Alpond line) ¥ & QT2 2Asqct 74 AL &S Y
Bol g3M4, Tl A 2m HolW d FGEgR WA st
gouv FAAFHL JsH-20T ) HAr st

452 43843 2 23

AOUEHS6), 72k 35°, 2B 747 SmE H2E AHE lddzd &
H grzslgu). Table. 4.17 Table. 4.2 SHHEAATD EH2AH 7]
AR AW AAS Jegch g3 EE 550~750N/mr Elel Slof vl
dsain, FAAY AR BT 87 e 3 AEsh= W s vE
Uik AL 38 170~2200] $EE BYlor Asgho] 250 plRke g 4
3 Fi

= 3

o

=2
Fao] Paleh wlnr B WS & 5 AT Fig. 4.20% vhAg @w
Aol Abzoln). AAAW FRRF F3 e Aol BAaA aon

NAAF Ag 27 BAY @5 A5 A4S wEsd wEpA Hi-Pro
FCAWE 8% A4dr "ty #gsi

Table 4.1. Welding conditions for WPQT

No of pass Total current Voltages = Travel speed
1 200A(Single) 3V 14 cm/min
2~13 530~580A 29~31V 27~39 cm/min
14 550A 29 42 cm/min
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Table 4.2. Results of mechanical test

_43_

Tensile strength Bend test Impact test' (N [20C] Requirement
{(N/ mm) Side Center Fusion F+2mm
90.1 142.1 147
557.7 good 82.3 1421 146 34())
106.8 134.3 147
Average 93 139.5 146.7
Fig. 429 Photograph of macro section
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A4E NEs At

o) T AW w7l £He 99 Hi-Pro FCAWS] #3d AF0ANE

3) o}z z}zk 275A 9} 350A Hi—Pro FCAW §Hol glolM 713 2dd &
A ZAL 29Vel 30Ve|t.

4 7t AR AP ALRT e AL 5L WAl A o}2AYY F23
o A5 2842 555 sholo] £ B AT

5) 84 HF7E Eob o) e §2old A7t WA FojER g4 A7)
ol o™ FEd £HEAe] dolAE APEATL Yo A

6) 2} ®Fol A Hi-Pro FCAWS] vBl= g4r-e zghe] Z715kd] mpet W=
Zg golzu, vEgole Worden &4& HolFe &udh s
A ek

W iolst Bqs At A WaA s

7y % E §HWS Hi-Pro FCAWE 34 H8T 4 Ut
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