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Abstract

Cleaning effect is well known mechanism of oxide layer removal in DCEP polarity. It is also known
that DCEN has higher heat input efficiency than DCEP in GTAW process. Based on these two renowned
arc theories, conventional variable polarity arc for aluminum welding was set up to have minimum DCEP
and maximum DCEN duty ratio to achieve the highest heat input efficiency and weldability increase.
However, recent several variable polarity GTA research papers reported unexpected result of proportional
relationship between DCEP duty ratio and heat input. The authors also observed the same result then suggested
combination of tunneling effect and random walk of cathode spot to fill up the gap between experiment and
conventional arc theory. In this research, suggested combinational work of tunneling effect and rapid cathode
spot changing is applied to another unexpected phenomena of variable polarity aluminum arc welding. From

previous research,

it is reported that wider oxide removal range, narrower bead width and shallower

penetration depth are observed in thin oxide layered aluminum compared to the case of thick oxide. This
result was reported for the first time and it was hard to explain the reason at that time therefore the inference
by the authors was hardly acceptable. However, the suggested combinational theory successfully explains the

result of the previous report in logical way.
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Table 1 Comparison of variable polarity arc welding
result. Anodized surface vs. wire brushed sur-
face of aluminum\

Anodized Wire bushed
surface surface
Oxide layer Thick Thin
Oxide retr)l;i)l\(;ed white Narrow Wide
Weld depth Deep Shallow
Weld width Wide Narrow
Fusion zone size Great Less
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Thin oxide spot =

l

Arc concentration

l

Oxide removal &
Heat input

l

Cathode spot change —

J

Higher heat input

Fig 1 Mechanism of higher heat input for higher DCEP
duty ratio
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Table 2 Comparison of variable polarity arc welding result. Oxide thickness decides the arc power density
then it is resulted as heat input difference

Anodized surface Wire bushed surface

Schematic

Ve

Arc column

Oxide laye

Work function of oxide layer Greater Less
Arc reach Close Far
Oxide removed white band Narrow Wide
Power density Greater Less
Weld depth Deep Shallow
Weld width Wide Narrow
5. M. A. R. Yarmuch and B. M. Patchett : Variable AC
=3 7| Polarity GTAW Fusion Behavior in 5083 Aluminum,

o] =Re 2013¢E FEUST &

FAPAI] 6.
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