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Elucidation of Non-equilibrium Arc Cathode Spot Movement Phenomenon Toward
Establishment of Ultrafast Oxide Layer Removal Method in Atmospheric Pressure

Iwao, Toru
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To establish an ultra-fast oxide film removal method, research was conducted

to elucidate the movement phenomenon of atmospheric non-equilibrium (non-LTE) arc cathode spots.
This involved the development of ultra-high-speed parallel computation technology and the
improvement of a magnetic field application device using pulsed current. Numerical analysis of ion
distribution during initial pressure and magnetic flux density changes was also carried out. As a
result, the movement phenomenon of atmospheric non-equilibrium arc cathode spots was detailed,
providing crucial insights for the development of new surface treatment technology. An efficient
simulation method utilizing Al technology and a multipoint spectroscopic measurement method was
established. This enabled the high-precision visualization and prediction of cathode spot splitting,
disappearance, and movement trajectories. Consequently, the efficiency of oxide film removal and
surface modification was dramatically improved.

3R



3
@ Al
Al
DCCB
@
(]1¢3)
2 1
©)
@

(1-6)

DA

®
Al

(©)

T-F
(6]

(O]

(3-6)

Al

Al

@

®)

®)



¢y

@

@

®
Al

Al

®)

®)

300 Pa

10000 Pa

(€5}

@

@ )

@ Al

30000 Pa

Al

3000 Pa
100000 Pa
2
(T-F )
3
2 1 T-
Al
.49



Intensity [a.u]

Temperature 7 [K]

) Retrograde motion
m) Prograde motion

500
450
400

NN W W
S W o W
S O o O

150

TS
S o O

10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

4 meenmm—m) ) EEEEEE——— ] ) ) ) 7)) 7 E—) 2 ) 6

Pro.1

Retro.1

Pro. —
2 3 4 5 6 7
| o [¢) ) [¢) 0o o]

Pro.2
.
L]
L]
o :
o
* d%
N D
L o °
Ce

(1-6)

2

L P . é
| 8

A2
L o3

x4
[ o5

10 100 1000 10000
Pressure P [Pa]
Al
®)
O]

Time ¢ [ms]

10000
9000
8000
7000
6000
5000

Temperature 7' [K]

4000
3000
2000

1000

Al

. Pro.4
es | ® 2 o
‘. ° .. . .
.
T e

2
L A
r 8
10 100 1000
Pressure P [Pa]
(6)
)
DCCB
Al
®)

10000

A2
03
x4
as

®)



% % Actual X Paints 120 X % % Actual Y Points
X —— Forecast X X —— Forecast Y
x X
X
4651 % 3%
x
L x
g 100 X
XXy
X
460 - %
_— —_ x
2 2 X
= XXX c 80
= x X X X = x
c 4551 XX e 5 XX
S x X XX XX XXX o %
= =}
= x x X X & %
g XXX X XX XXX ] %
< i X > 60f X% %
450 X Xk " HXoige
Pt s o4 % %%
X x
XX X %
X Xxx
XX
x x
445 40 X
440 & L L I L ) H 1 1 H H
250 260 270 280 290 250 260 270 280 290
Frame Number Frame Number
0 - -
% Actual Movement 120 % Actual Movement " X
=== Predicted Movement 285 === Predicted Movement % . x 42
4 110 S x
100 ’%,( 280 | 42
100 g
275 _ < ¥ 42
w = B 9
£ 200 2 b=
3, 1270 £ 2 -2
5 = 75 80
= E 2 5
[ «
8 300 o2 5 € 70
> >
=260 =2
60
400 N
255 2
50
250 8 2
500 | ‘ | ‘ ! 40 ‘ [ ‘
0 100 200 300 400 500 445 450 455_ ) ‘450 465
X Position [units] X Position [units]
(1-6)

(1) Takagi, M., Suzuki, H., Morishita, H., Suzuki, Y., Nemoto, Y., Ren, Z., lwao, T.,
Three-dimensional Electromagnetic Thermal Fluid Simulation of Cathode Jet
Contributing to Motion of Cathode Spots in Vacuum Arc, International Symposium on
Discharges and Electrical Insulation in Vacuum (ISDEIV), Okinawa, Japan, June 25-
30, 2023, DOI: 10.23919/1SDEIV55268.2023.10200819.

(2) Ishihara, N., Suzuki, H., Saigo, K., Ichinose, S., Takagi, M., Morishita, H.,
Suzuki, Y., Ren, Z., Nemoto, Y., lwao, T., Contribution of Non-equilibrium around
Vacuum Arc Cathode Spot to Retrograde Motion in Application of Transverse
Magnetic Field, International Symposium on Discharges and Electrical Insulation
in Vacuum (ISDEIV), Okinawa, Japan, June 25-30, 2023, DOI:
10.23919/1SDEIV55268.2023.10199777.

(3) Ren, Z., Nemoto, Y., Suzuki, Y., Takagi, M., Morishita, H., Gustilo, R.C., lwao,
T., Differentiation of Numerical Simulation Result of Direct Current Circuit
Breaker Interruption Process Using Artificial Intelligence. IEEJ Transactions on
Electrical and Electronic Engineering, 18(1), 147-149, DOI: 10.1002/tee.23707.

(4) Ren, Z., Nemoto, Y., Suzuki, Y., Takagi, M., Morishita, H., lwao, T., Numerical
Simulation of External Magnetic Field Effect on Arc Plasma After Molten Metal
Bridge Breaking Under Different Electrode Opening Velocities, AIP Advances,
12(3), DOI: 10.1063/5.0079263.

®) , , , , ,

234, DOI: 10.1541/ieejpes.142.228.
(6) 7 ? I’ ? 7 I’ I’ 9’

, , 13-D-p3-5.

) B, 142(4), 228-

85

80

75

3
o
Frame Number

o
o

60

1255

50



5 5 1 0

Nemoto Yusuke Suzuki Yuki Ren Zhenwei Maeda Yoshifumi Iwao Toru 142

Analysis of Arc Electron and Heavy Particle Temperature Distribution with Lateral Flow Velocity 2022

for Elucidation of Re-strike

IEEJ Transactions on Power and Energy 228 234
DOl

10.1541/ieejpes.142.228

Ren Zhenwei Nemoto Yusuke Suzuki Yuki Takagi Masahiro Morishita Honoka Gustilo Reggie 18

Cobarrubia Iwao Toru

Differentiation of Numerical Simulation Result of Direct Current Circuit Breaker Interruption 2022

Process Using Artificial Intelligence

IEEJ Transactions on Electrical and Electronic Engineering 147 149
DOl

10.1002/tee.23707

Zhenwei Ren , Yusuke Nemoto , Yuki Suzuki , Masahiro Takagi , Honoka Morishita , Toru lwao 12

Numerical simulation of external magnetic field effect on arc plasma after molten metal bridge 2022

breaking under different electrode opening velocities

AIP ADVANCES 35239
DOl

10.1063/5.0079263

Zhenwei Ren , Yusuke Nemoto , Yuki Suzuki , Shinji Yamamoto , Gaku Asanuma , Toshiyuki 17

Onchi , Toru lwao

Analysis of Adverse Influence of Metal Vapor to Arc Movement Between Electrodes with External 2022

Magnetic Field Applied by Numerical Simulation

IEEJ TRANSACTIONS ON ELECTRICAL AND ELECTRONIC ENGINEERING 183-193

DOl
10.1002/tee.23498




Zhenwei Ren , Yusuke Nemoto , Yoshifumi Maeda , Shinji Yamamoto , Gaku Asanuma , Toshiyuki 16

Onchi , Toru lwao

Cathode Spot Velocity of Atmospheric Arc Plasma after Arc Ignition Affected by Self and 2022
External Electromagnetic Force between Parallel Electrodes Using 3D Numerical Simulation

IEEJ Transactions on Electrical and Electronic Engineering 1656-1663

DOl
10.1002/tee. 23469

6 0 0
3
/ /
2022
/ /
2022
/ /

2022




T-F

2022

2021

Hiroto Suzuki, Masahiro Takagi, Zhenwei Ren, Yusuke Nemoto, Yuki Suzuki, Toru lIwao

Analysis of lon Density at Sheath Region Affected by Moving Speed of Vacuum Arc Cathode Spot Using Three-Dimensional
Electromagnetic Thermal Fluid Simulation

APS GEC (Annual Gaseous Electronics Conference)

2021

(Suzuki Kenji)

(20638134) (32678)







