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Development of DC Circuit Breaker using Magnet Arc Extinguisher

Sung-Min Leew, and Hyo-Sung KimT

Abstract - In recent years, DC distribution systems are becoming hot issue due to the increase in digital loads

and DC generation systems according to the expansion of renewable energy technologies.[l'Z] However, removing

the fault current in DC grids is comparably difficult since the current in DC grids has no zero—crossing point
like in AC gn'ds.[‘g] Thus, developing dedicated DC circuit breakers for DC grids is necessary to get safety for

people and electrical facilities."”

This paper proposes magnet arc extinguishing method to develop a

300[Vpc)/10[A] DC circuit breaker. The performance of the proposed DC circuit breaker was verified by an
experimental circuit breaker test system built in this research.

Keywords : DC circuit breaker, Magnet arc extinguisher, AC distribution, DC distribution
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Fig. 1 The type of electric power sources

o

(b) BRA

T T8, FEdY 5o I9F Ao
7Pl el ngs v&F dEgy|e A,
71E T AEE oY Bd8

EAl iR A9e 98 2242 33 9 HojAn
3

ojg} ol AFujdoel vk wAo] nxH L Sl b
=, AR v bl AF EAE AEHHoR
A9 3 ek AR F A EH =
ook Frt M= AA FHAgolal, EAE
Hl 2 71719 ek Aol Y E
gHsty, 1% 5

[e] pal
=, 938, dduy Fo2FY ATs Heushr] A%
JA7= Fol Lt
At Aol 71Ee] AREEY dEAQ B A
W47 FZ(Fuse)9t 3] 221¢7](Circuit breaker)©]th.
F2E AR AZFgRMS)C wE doy|dl o
SF5o B2 FE2 WFAFY AFAFAN EA

2 Aeol7t gtk
ey SRAs G EAE s oAt
o A7k gask Wk Ak B et
F7] vkt 2B ARIE He a2y fst
AFel o] YA Az 2 AFudgels 3
2Ag]e] e s Sepinh
9 1994 Kol whep el al il
Aol E P AF7E A2 ARIE He Aol =
B AP Aol vl golsirial F 4 9lth 1
dut ARARe A AAnARTE 28R ARTE HA
BorE Ad7le e oA WS ste] AR
S5 oAlstoiol stne Ao
oF ARl gl S 2ART7E T ek oA
BapA] ehal A el A5 =
g shrtaR oold = 9l ThsAdel 9l
o BE AHE A3 gl weta ARuA

o] s Asfstolstd 23 29 F9o shuelth

I
r>~l
I
10
° o,

a4, of

e}

Ao

el
L
R

RIS

J8 2 2R 3|2 x| o3
Fig. 2 Photo of DC circuit breaker
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Table 1 Line speed of the circuit breaker by setting
pulse ratio
pitch | 2 Frev/sec] | A< E[mm/sec]
2500 50
3750 5
10mm 5000 100
6250 125
7500 150

e
. 12[V]X 25 EA=300[V]
=" CV_Mode: 360[V]
CC_Mode: 10[A]

TMS0F28335 Board

Battery

Graer Oscilloscope
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Fig. 3 DC circuit breaker schematic and Test bed
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Table 2 Parameters of circuit breaker experiment

system
Parameters Value
wjEle] A 300[Vnc]
03l Aat 30l
Fab AR 10[A]
A= T2(Cw)
Adg ol%&HE | 50~150[mmy/sec]
ENELhoiR, R=33[Q], C=22[uF]
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Fig. 4 Circuit breaker structure
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Table 3 Magnet Specification

Parameters Value
Type ] 2. ) H&(NdFeB)
Grade N35
Size 21%E: 8[mm]
7 10[mm]

| 136, 8[ns] I

(b) Atct= o|&E = 150[mm/sec]
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Fig. 5 Experimental result according to pole movement

speed
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Table 4 Experimental result of pure pole

olF&EE | ATAIRE F1HA )
[mm/sec] [ms] ot H V]
50 281.5 329
16) 169.5 308
100 1445 321
125 141.0 363
150 136.5 335
E 5 AW ok AEZAD

Table 5 Experimental result of snubber pole

olF&HE | ATAIE F1HA o)
[mm/sec] [ms] O AUV]
30 2785 312
i) 160.5 308
100 1415 311
125 1435 310
150 1365 312

4348 ¥ AuFe ol$&wh 100mm/sec]ol 3
Agel AgAzto] ZA AMEA et

42 AU S xpErS

¥ 5% 2UNIRE 4439S We 4 Aol
G AUT AQARG v Se] Y AUF ol5%
wol e FRALS 25 49T 4G @A w2
stk mebd ARAZ A 2um Mg &bt
gee & 5 At

ot el A olaAge w5 Audw A

KeX

39S Ao #Hit 3312[V] HuF 9 al
3106[VIQl Z1& 32l & & At o] Ay
9= o)FEEE FUMs] uel AgA|te] AP Ao

i
°

o Mt
32
R
=
—
S
|
8
o
o,
=2
X
fr
_>|“1_'4
i
>
)
o
N
2

A gar 238 ¥ solve A A & Sl

43 AI1H otmaa s A=

® Ageld AT A% A4 o AAN
2 542 gobuy] fistel, AT e o) 4AH
£ 25(mm]~10imm]] WA Smml4 WAs A
de AR,

A9 A% A% A A 204mslol, o=
o B 32AVIlth #5 AT A Aol Hlshel
e kel o 150msleld ANE 2 e sela
14 class sl ARAge) $54e dYdom



WE TR GG

300[v]
10[A] /f'
olv] b 0[A]

(a) 24 & Ack= 2t

300[v]
10[A] |
o[V 0[A]
15.6[ms]

(b) A7|H otAas Atct= HmH(AMMO[AAZ[: 1
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Fig. 6 Experimental result on pole type
(line speed: 150[mm/sec])
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Fig. 7 Characteristics of magnet arc extinguish pole
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Table 6 Experimental result of hybrid pole

10[mm])

ol&&r | dA|7H =7k Ho
[mm/sec] [ms] oAU V]
50 24.6 312
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125 12 312
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Fig. 8 DC circuit breaker characteristics on pole
type
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