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Abstract: Arc heat sources are extensively employed in welding and additive manufacturing, emerging as
an indispensable core energy medium for the joining and forming of metal components. Nevertheless,
traditional arc heat sources are plagued by inherent flaws, such as the highly-coupled heat and mass transfer
behaviors that are difficult to control independently. This results in a profound coupling between the heat
input to the workpiece and the wire deposition rate, posing a significant challenge in simultaneously
satisfying the dual demands of high-efficiency deposition and high-quality forming. Consequently, it
severely restricts the high-performance manufacturing process of large and complex structural components.
Therefore, conducting research on the decoupling of heat and mass transfer in arc heat sources is of
immense theoretical value and urgent engineering significance for transcending traditional arc manufacturing
technology. This paper presents a systematic review of the research progress in the decoupling technology
of heat and mass transfer in arc heat sources, with a particular focus on the state-of-the-art cross-arc
configuration. From a physical perspective, this technology achieves orthogonal decoupling of heat input
and mass transport through the coordinated arrangement of independent heat sources and independent mass
sources. The article offers an in-depth examination of key aspects, including the stability control, droplet
transfer behavior, and development challenges of cross-arc heat sources. Its objective is to provide a robust
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theoretical foundation and feasible technical route support for constructing a new generation of intelligent

arc manufacturing systems with independent and controllable heat and mass.

Key words:arc heat sources; heat transfer; mass transfer;decoupling; cross arc
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Fig.1 Application scenarios of arc heat source
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Fig.2 Schematic diagram of traditional single arc heat and mass transfer coupling

(a)consumable electrode arcs; (b)nonconsumable electrode arcs+wire filling
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Fig.3 Schematic diagram of single arc heat-mass decoupling method

(a)waveform modulation; (b)cold/hot wire; (¢)mechanical assistance; (d)laser assistance ; (e )ultrasonic assistance;

(magnetic field assistance; (g)actively constrained arc
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Fig.4  Schematic diagram of heat-mass decoupling method for hybrid arc heat sources

(a)arc at the workpiece end; (b)arc at the welding gun end ; (¢)arc without a common end
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Table 1  Comparison of key parameters of three typical arc heat and mass decoupling technologies

Core indicators Tandem arc

DE-GMA arc Cross arc

80%-120%
100%-225%

Preliminary decoupling

Relative heat input(vs. MIG arc)
Relative deposition rate(vs. MIG arc)
Level of heat and mass decoupling
Applicable material Carbon steel, stainless steel,
aluminum alloy, ezc.
Thickness range 1-40 mm
Decoupling mechanism
function allocation
Main advantage
for high-efficiency welding of thick
plates
Main limitation High total heat input and strong

electromagnetic interference

Independent controlof dual wires and

High deposition efficiency, suitable

40%-70%
100%-130%
Moderate decoupling

30%6-60%

100%-230%

Highest level decoupling

Magnesium alloy, aluminum Carbon steel, stainless steel, aluminum
alloy, ezc. alloy, heterogeneous metals, ezc.
2-5mm 0.5-25 mm

Current shunting via bypass Complete electrical and spatial isolation
circuit
Independently  controllable Complete independence of heat and mass
heat input and wide process with high precision

window

Arc stability influenced by Complex system and high demands on

the bypass circuit. dual-loop control
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Fig.5 Behavior and causes of cross-arc looping
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Transition process of anode and cathode droplet at different plasma arc currents
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