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Experiment on DC Circuit Breaker for Inductive Load
by Improved Magnetic Arc-extinguisher and Arc—Attenuation Circuit

Sung-Min Lee', and Hyo-Sung Kim

+

Abstract - Recently, DC distribution systems become hot issues since DC type loads increase rapidly
according to the expansion of IT equipment such as computers, servers, and digital devices; DC type loads will
cover 50% for all electricity loads in 2020 which was mere 109 in 2000, DC distribution systems are also
accelerated by the expansion of renewable power systems since they are easy to be interfaced with DC grids
rather than AC grids. However, removing the fault current in DC grids is comparably difficult since the current
in DC grids has non zero—crossing point like in AC gn'ds.[g] Thus, developing dedicated DC circuit breakers for
DC grids is necessary to get safety for human and electrical facilities'. Magnet arc extinguishing method is

proper to small size DC circuit breakers'™®

| However, simple Magnet arc extinguishing method is not enough to

break inductive fault currents. This paper proposed a novel DC circuit breaker against inductive fault current
defined by IEEE C37.14-2004 Standard for Low-Voltage DC Power Circuit Breakers Used in Enclosures. The
performance of the proposed DC circuit breaker was verified by an experimental circuit breaker test system

built in this research.

Keywords: AC distribution, DC distribution, DC circuit breaker, arc-extinguisher, arc-attenuation
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Fig. 5 Arc voltage attenuation by diode-resistor circuit

g3t Ro7k BAEO] olardgte F7hA71E
L WHE Ry AFE FeAFIE e gol
ALl Aol g AUAT Wi
k. wWekdl Rpdl @S AYE 2T
o) 718718 245, A Ao
SERRER K

‘{Erﬂm
Qﬂ—ﬂ

o
JHU_,FN

o (s A=)
o,

oz I N,

ok o

[
:{m
o ol

I
Hel vz AdAE 5 9l

mﬂ‘.

Tz e b

2.3 Aot
a8 6ol HEHoR Aoty AFAHE7) 9
Aok Az} x} ‘_2 ?L*é-ﬂ% T AE] 2}
Ei! o ] i3
=t ﬂEx}WH %Eﬂ%z}oﬂ% TRl A] e} 7ol
2 tole=-AFgIRE H&ste] FapHFe A
718 &AL, A7) A LAEE %

&89 W= ASAI AT

o AR

d

to wo p @ 1o |z

(o3
o
H
2,
0 N

2
T 8

£ Ad= ddste] 300V Wi Was 745
o}

AR ¢
2o 10A9] %

E*HE ‘_r“éﬂﬂ A
Y2+ IEEE

J
& Aol Uy Agx

A9 AAS 0025 00652 W37 9ste] 600mH2
AYHAE H831% wo] AlAFE 2 (3)3 2ol
AAbg )

SIS

Magnet A

- : Ro

Fig. 6 Proposed DC circuit breaker
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Table 1 Parameters of circuit breaker experiment system

Parameters Value
Vin 300Vl
Rioud 30l
Lioad 600[mH]
Load Current 10[A]
Contact type Cu
Contact moving speed 50 ~150[mmy/sec]
Magnet type NdFeB
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Fig. 7 DC Circuit Breaker Test bed for inductive loads
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Fig. 8 Experiment for Inductive load by conventional
magnet arc extinguishing circuit (magnet distance:
20[mm)], break velocity: 150[mm/sec])
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Fig. 9 Experiment for Inductive load by proposed arc
extinguishing circuit (magnet distance: 20[mm),
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Fig. 11 DC breaking characteristics at inductive load
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