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Abstract: To address the technical challenge of interrupting fault currents in direct current (DC)
power systems, a DC interruption scheme based on the magnetic control oscillation characteristics
of air arcs is proposed. Applying an external transverse magnetic field to the air arc within a
narrow gap enables the arc voltage to oscillate periodically, thereby creating a negative damping
oscillating current between the arc and the inductor-capacitor (LLC) branch. This facilitates fault
current transfer, ultimately achieving current interruption. Experimental studies are conducted
on the current transfer process at the resonant frequencies of four parallel LC branches, and the
effect of the transfer branch capacitance on the peak transfer current is analyzed for main circuit
currents ranging from 5 kA to 13 kA. The results indicate that increasing the resonant frequency
of the LC branch at a 5 kA main circuit current can shorten the current transfer time to 0. 84 ms.

However, as the main circuit current increases, the resonant frequency of the LC branch needs to
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be adjusted to match the oscillation frequency of the arc to create a zero-crossing of the arc

current. Increasing the capacitance of the transfer branch effectively enhances the initial peak

transfer current, thereby boosting the current transfer capability. Additionally, the attenuation

of the magnetic field during the current transfer process leads to a decreased rate of rise in arc

voltage, affecting the continuity of the resonant current’s negative damping oscillation. This

study validates the feasibility of the air arc magnetic control oscillation-based DC interruption

scheme, providing a new approach for the design of economical DC circuit breakers.

Keywords: direct current interruption; air arc; external transverse magnetic field; current

commutation; magnetically controlled oscillation
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Fig. 1 Oscillation circuit based on negative resistance

characteristics of gas arc
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Fig. 2 Current oscillation process based on air arc magnetically

controlled oscillation

2SN A R T X T JF W Oy Rl 3
7 o L ISE B L AR 37 v B L LC BR3P K
i H A e AR B . BT E, i JRo Lo 435
ARG R B BB DL R IR U, R
2 H N R Lo «Coe 38 IR HL R I8 4R HL 25,

zkxb. xjtu. edu. cn

Lot ~Lowe AHINZ IS LC YR 3% 37 % 8] 24 #HL JER,
Lo Co R, NANEHE G B B B, Tr D
i A

(b) AN

LI
Vi

0y e o A U
- Vil

R,
o
Co) Jiti I 1E 1] Sh 38 3
- . +A aru
Ly
Ry
Ly
Ry

Ce) AL IR AEL ¥ 2 22




o508 1

KT AT 5 45 o I I P I H S X 2 A HL IR U A A 1 S 171

R,

(D RS hE BT
3 A IR 2 ik 1 =X T i 7 38
Fig. 3 Air arc magnetically controlled oscillation DC interruption

scheme

2 IR HL U 7 2R S s UL IR | 1 A T
71N N N T
di,

E, = iR, + L, E +U,. (5)

fih Az ity ] A B0 AT i) 2 R IR i o 98 A U
Gy Al AL 9 R T BE W SR ¥ - AT K LC R 955 5 %
ARG R PR R R R, LC S IE IR
FEL AL I L5 2 19 I, O 55 2R e et P O & i i v
I A 2, A I 2o R AT 3R

Usi (e + L + L) S U = 0 (6)
Z.arc - i() + iosc (7)
f‘arc = Zf‘m ( 8 )

Soe =1/ 2n o/(Lyw + Lot + Loz )Core ) (D
P i I IR L s U 385 4R 25 1 0 FRL R
fae N HLIEL UL 5 foe A HL IR R IR 35 005 5 S M
LC ¥k % SCBOE R 5 £, A0 38 W R 3 4k %

NS S FL 6 Eh TR L A L T T LR A L
Tt 37y 2 Pl A 2% VB 7= 1 1 58 3 B 1) R 3 i
AL b O iR fE Rk X R

du,,

(/m ? — 1y (10)
di, | .
I‘m 7+ZmRm+um =0 (11)
dt
fo=1/Cn J/L,C,) (12)
in(0) =0 (13)
u, (0) = U, (14)

s e AR 7 v B P25 P i P T 52 M G
WCHIZR Bl i s U O LA TSR L LT

FLIICHE K i 5 2R 8 W0 e v I B % 2 IR 7 S B
i P 37 P 728 FRL TR TR o L 2 i A R TR A S AR L RO
SRR AE & B 2 S8 MR TR OT Wi A

zkxb. xjtu. edu. cn

2 AR HINREYE IR R

73 L IR 3 R I & an i 4 s, R
LI F P FE HL 1) 20 mF L ZF .0, 5 mH LD R B
25 fih 25 18] B 2H B i) = [l Jef B2 8 i oy ol DR 4
B E1 298 10 ms, 7E 3 9] #% fL 0 filk 2 J& 3 ms, XJ 48
LI I A I 22 3 G 7 DA S RO IR AR iR
ok B I e A R AL SR ML IR 1Y 18 Bl R

Hug L
. _
- -
R H 7 )
IRt ]
05mH RS2
SRR
I

W ] L i

o

A
X

+
I =2
=]
3
TR
R
Py

M4 2 HIRIR G R &

Fig. 4 Air arc oscillation characteristic test platform
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Fig. 6 Typical waveform of air arc magnetically

controlled oscillation process
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Fig. 8 Air arc current transfer characteristic test platform
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