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Abstract: In this article, the COMSOL Multiphysics simulation software is used to simulate the generation of arcs in a cir-
cuit when excited by a high-frequency pulsed current. Under the excitation of high-frequency pulse current, the conditions of
arc generation near the surface tip of two metal plates with a certain angle and rough surface are discussed, and the forma-
tion mechanism of the arc is analyzed combined with electromagnetics. The results show that in the electric pulse-assisted
rolling process, in addition to Joule heating, there is also the phenomenon of arc heating, which can generate an arc and
cause two aluminum plates to combine to form a welded joint when loaded with a current of 300 A and a frequency of 10
kHz. As the current increases, the arc temperature and potential difference increase accordingly. At a current of 800 A, the
arc temperature is 4 210 K and the potential difference is 54.5 V. The conditions for arc formation have been met, but the re-
sulting arc is not stable. When loaded at 800 A, an arc of over 4 000 K can be generated and a welded joint formed within the
first pulse cycle, and the heat source equation for arc generation is fitted.
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Fig.1 Rolling process and model diagram
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Fig. 2 Finite element model mesh and dimension information
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Table 1 Chemical composition of 6061A1 (wt. %)

Cu Mn Mg Zn Cr Ti Si Fe
0.15 0.15 0.8 0.25 0.04 0.15 0.4 0.1

8
3

EN
T

[~o—Thermal conductivity

{~— Electrical conductivity
{~o—Specific heat

Thermal conductivity (W/(m*K))
! Density (x 10° [kg/m®])

Electrical conductivity (x10° [1/(Ohm*m)])
Specific heat (x10* [J/(kg*K)])

J
i
Lb—

L L L L
400 600 800 1000
Temperature (K)

(a) A1606 1 #1RHFA EL 4L

6 1300

[—o— Dynamic viscosity oz
|—o— Specific heat T ado.10
- f=@— Thermal conductivity| i‘ -~
7 | 2
Sy {12008 g
s =l 2
Z =
% & =
=
2 Y £4005S
2 g =
25 411003 <
2 = bt
s
: 2
£ = =
£ 3
A £ =
5 g
=000 2
ol o 4 10002 2

L s L
500 1000 1500
Temperature(K)

(b) 7 PR BES AL
E3 BT AINM RIS

Fig. 3 Physical property parameters of materials used in the model
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Fig. 5 Temperature and potential distribution at 300 A, 500 A, and 800 A
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Fig. 6 Reconstruction model and results
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