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Plasma-Arc Hybrid Welding Technology
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Abstract:

Fatigue properties of weld joint can be enhanced by mitigating the stress concentration at weld toe with
smotherning the profile, as well as managing the residual stress at the weld toe. In order to achieve the desireble weld
toe profile without deteriorating the productivity of manufacturing processes, welding process consisting of the gas
metal arc welding (GMAW) as the leading electrode and plasma welding as trailing electrode was developed. When
the leading GMAW and the trailing plasma welding are both electrode negative (EN), the arcs are attracted each
other and the molten metal was dammed up between those arcs, facilitating the sideward flow, which resulted in a
wide and low profile of the weld bead with the obtuse edge of weld toe. Moreover, offsetting the trailing plasma
welidng was effective on the smoothening the weld toe profile on the offset side, deliverately limitting the flow of
molten metal on the offset side. The effect was verified with the lap-fillet welding of 3.2 mm thick 780 N/ mm® grade
steel sheet. The developed welding process exhibited the improved weld toe profile, in terms of the carvature radius
and frank angle, and the fatigue strength approximately twice as much as that of conventional CO2 gas shielded arc

welding.
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Photo 1 Arc phenomena and molten metal flow of plasma-arc hybrid welding with bead-on-plate (Plasma offset, Dos: 0 mm)
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Table 1 Welding conditions for bead-on-plate welding

Leading: COz Arc welding

Trailing: Plasma welding

Current Offset, Dos

Elec. dist., De | Weld. speed
Current

. Voltage . Voltage ;
Shield. gas Polar. Shield. gas Polar. (mm) (mm/min)
£ (A) V) (mm) £ (A) V)
Ar- EN 320 30 0, 3 100% Ar EN 150 22 25 600

20% CO» or EP”

"EN: Electrode negative "EP: Electrode positive
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(a) Electrode negative for CO, arc
and electrode negative for plasma

(b) Electrode positive for CO, arc
and electrode negative for plasma
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Photo 2 Macrostructures in transverse section of welds for plasma-arc hybrid welding with bead-on-plate (Plasma offset, Dos:

0 mm)

Welding direction Welding direction
Plasma: EN Arc: EN Plasma: EN Arc: EP
Attracting ) I
Repulsing EN: Electrode
EP: Electrode
positive
<3 : Arc force

(a) Electrode negative for CO, arc
and electrode negative for plasma

B

<— : Metal flow

(b) Electrode positive for CO, arc
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Fig. 2 Interaction of arc phenomena and molten metal flow of plasma-arc hybrid welding (Plasma offset, Dos: 0 mm)
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(a) Arc phenomena and molten metal flow
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(b) Macrostructures in transverse section
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3 mm (Bead-on-plate, Electrode negative for CO2 arc
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Table 2 Welding conditions for lap-fillet welding

Leading: CO2 Arc welding

Trailing: Plasma welding Elec. Weld.

Trans. angle., .
P ) Shield. gas Polar. (A) )| 6

Offset,
(°) Dos (mm)

Current Voltage | Trans. angle.,

Current Voltage | dist., D | speed

Shield. gas Polar. (A) (V)| (mm)| (mm/min)

30 100% CO; EN" 300-325 2627 8

3-5 100% Ar  EN" 200-220 24-26 25 1200

"EN: Electrode negative
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Table 3 Welding conditions of lap-fillet weld fatigue test specimens

Weld Leading: CO2 Arc welding Trailing: Plasma welding Electrode | Weld. Heat input (kJ/mm)
e .
: distance, | speed
sample | Welding . Current Voltage | Offset, Current Voltage > | SP )

p wire Shield. gas  Polar. (A) (V) | Dos (mm) (A) V) D (mm) | (mm/min) | AT Plasma Total
HYB | YGWI1 CO2 EN’ 250 27 180 23 25 850 048 029 077
MAG |YGWI5 Ar20% CO, EP™ 320 28 — — — 1200 |045 — 045
COo2 | YGWII COx EPT 220 20 — — — — 600 044 — 044

HYB: Plasma-arc hybrid welding MAG: MAG Welding CO2: CO2 Arc welding

"EN: Electrode negative

"EP: Electrode positive

(a) Plasma-arc hybrid welding (HYB)

(b) MAG Welding (MAG)

(c) CO, Arc welding (CO2)
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Photo 6 Macrostructures in transverse section of welds for lap-fillet weld fatigue test specimens
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Fig. 4 Profile of stress concentration factor, K;, along the weld toe line of fatigue test specimen
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Table 4 Stress concentration factor, K; of lap-fillet weld fatigue
test specimens

Weld sample Curvature Radius, p Flank Angle,QQ K
(mm) )
HYB 0.97 161 1.17
MAG 0.46 143 1.5
CO2 0.41 125 1.72

HYB: Plasma-arc hybrid welding
CO2: CO2 Arc welding

MAG: MAG Welding
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