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A Novel DC Solid-State Circuit Breaker for DC Grid

Jin—-Young Kim1, In-Dong KimT, and Eui-Cheol Nho?

Abstract - According to developed distributed generators, Solid State Circuit Breaker(SSCB) is essential for
high power quality of DC Grid. In this paper, a simple and new structure of DC SSCB with a fast circuit
breaker and fault current limiter is proposed. It can help to choice low specification of elements because of the
limiting of fault current and achieve economic efficiency for minimizing auxiliary SCRs. Also all of SCRs have
little switching loss because they operate under ZVS and ZCS. Through simulations and experiments of
short-circuit fault, the performance characteristic of proposed circuit is verified and a guideline is so suggested
that the DC SSCB is applied for a different DC grid using formulas.
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Fig. 1 Previous Solid-State Fault Current Limiter
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Fig. 2 Previous DC Solid-State Circuit Breaker
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Fig. 3 Proposed DC Solid-State Circuit Breaker
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Fig. 4 Operating waveforms of the proposed DC SSCB
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Fig. 5 Operating modes of the proposed DC SSCB
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Table 1 System parameter

Power rating 5 [kw]
Source voltage E 380 [V]
Full load current 13.1 [A]

Range of trip settings 13.1 [A] — 50 [A]
Charging time 1 [ms]
Breaking time 1 [ms]
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Fig. 6 Equivalent circuit of charging mode
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Fig. 7 ig; and is; waveform of charging mode

3
Disable region /
2.5 /czzoo [uF]//
2

100 [uF]

_—

e
L 0

Charging time [ms]
(2]

S
g 20 50 100 200 300 400 500
L1 [uH]
Fig. 8 Charging time of charging current isz when L;
and C change

(ms]& Z¥ai =W S32 g Alzbe] 4 [ms] o]
AhQuo] Aol EVbseith ®e T ARkl 05
[ms] o]atel A9+ T4 AR ipe Hdgho] AAER
T 89 27t e wEka g Al ng 9]
M= 4 Azro]l 05~15 [ms]el W97t 9=2 1,
I C2 AA }—t— 01 2] kiR e A e Zd
m$- &2 Al B Z2nE Ay R A2 &7
AA7L 7Fs st %—d AF ipE DC SSCB7F &4
=2 sz Agolv m2n FH ATt ~t)o] 05~

A
=

Q
o]

=
=
o

no fTHU FIF



DC Grids 93 2% %9 DC Solid-State Circuit Breaker

[ms]oll =datmz Aoz w4 22 do] LT,

webd Ag RE 5 (WISl 492 AHgstole s,

l

O

B. xg =

Y 9% @EAbal B A SSCBO| A= 5713
2olr 1¢ 102 7} A9 AF o)tk

C, Ly, Ly, Sy, S3, D= 2% 1004 Ho|= ule} 7ol
2y Al 2= AR 2715 skl Aol g
o AT y~te7HA B2 Li-C 33 AR igeE A (8)
S St HAogs 98 & glernE ¥ 89
A7t} Li-C 23 AR i HAdgts et Lz C

a9 112 Lid Co &3 & Li-C 3AF iss
o Aigts Uehdh Lo &3] HopAAH Co &
Fol AdFE Li-C 87 ine] AUHS 7k
"k Li-C & A9 Hdigho]l 21 2 %%@] SCR

[AlNAFE 4y~
A AT s AWM 100 [A]e]7dol EMOF A
Apgto] 7hgsith wEbd Ligk C Li-C 3/ A5 is
o] kol 100~200 [A]e] W7 H== dAs)oF
gty 24 2o A AR 1 [ms]E AAlekgen
= a9 8% a9 1& Feto 7 208 W L
¥} CE AAshd 1i=200 [uH], C=50 [uF]7} #t}.

a3 12 Lk Co &3l wE AvAE ] Hol A
SHE uEbdth Lzt C7F Aol Hw Sd AR e
2 (133 4 (14000 <ls) chgst o] sz

i =19 107te 10 (15)

A AR i HigkS 70 [AlelW T4 AR oF
116 [msl7} H2z 4 ‘j‘:94 Z74'~‘>ﬂ ”Jé@}ﬂl e

i =190sin(10* « (t—t,)) (t,<t<ty) (16

LC 34 A% ig® F35E o 16 [kHzeld 4

© 190 [AP} €t o] %Eq Li-C &3 A7 is
B ARel w2 Hulghe AU A AZK
~t)o] 1~2 [mslol ez vl Ze A B
£2 A%, WA L AT addel 3

<@

£

=
B AtH%M L-C
o} web L A

373
‘%
D
' P —m
/. Si L>
S3
+
C_) E S C L foo
Fig. 9 Equivalent circuit of breaking mode
i
i — : : t
t; s t' 1 t7
Fig. 10 sy, iss, isc and ip waveforms of breaking mode
E 500 \ \ \
B 400
tabomn
© 300 N\ \\\C=200 [oF]
g \N{uﬂ\
= 200 S —
; M\
o 100 20 [uF] —
[V}
o 0 L L L . . . i
20 50 100 200 300 400 500
L1 [uH]
Fig. 11 Peak value of L1-C resonant current is3 when
L, and C change
< 1400
.Z. C=20 [UV‘
e /
© 1000 —— —
w0 //—c:zo [uF]
2 e —— =50 [uF]
S 600
£ e C=100 [uF]
g 400 ——C=200 [uF]
= 200
© ol— , , , , , ,
2 20 50 100 200 300 400 500
L1 [uH]
Fig. 12 Maximum voltage of capacitor when L; and C
change
. E
U0 = f(te ts) Fipoup < 5 an
i 2



374 The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 4, August 2012

300
\

250

200 \

NS

\

iSjm,,x (L1=200 uH, C=50uF)

Current [A]

100 Disable Unstable Tscime
rigion rigion .
50
0702 04 06 08 1.0 1.5 2.0 3.0
L2 [mH]
Fig. 13 Peak value of short-circuit current isc when Lo

changes

O 132 Lo £ w2 dek AR i Ak
I L-C ¥R AR isd Hu#s UrEMEP L1=200
[uH], C=50 [uF]e.2 AA=JemZ [, 06 [mH] ©]
do 2 A s Alal el Avho] hEsith ahA
7 Lo7F 06~1 [mH] WY& AAYE Fols to~tT
kol wjg- Forz SCRY t, & HeHA Hslo] Ak

o] BAsA Hrh wWEA LE 1~2 [mH]Y 32
2 AAskE Aeo] wighAsitt Aol Jo
Ak 2L 9l L2 15 [mH]E AR}

L9 9¥d2rt 15 [mHlela Lol 32% dAf{7
100 [Ale] o= A9} TJM F AoR ool |
o} AR L] Bt AfFe ARsk A/ 27190 131
[Ale]™ 1~2 [ms] S<eket 110 [AH A AF7F 52
A HEZ 110 [AlY] FHAFE 2E AYEo|
2o Fu 2 A|zto] shEEtt)h Ly HiAFE 18
of A#atE FAL 110 [AlY] =3t AFE 38T F
JE WA F#H7IZ AAsn Fole AVIESE 17
o] TS5 ﬂﬂ] St Lye 22 FI2 Azl
sttt o] 2 Igel~rt el & 4 gloy L9 <
g a7t A FAERA Gevhd &g AR e ol
S AAA Ho o & LiC T AFet & 39
SCR, tholErt S FEm=z
FestA Ak wEbA LE Al AFE JAsE 7
7 DC SSCBe| Hl& Hd7+s 8 584 .
L, C7F AAEemz SCR¥ tho]Q=¢] AAo] 7}
stk SCR¥Y thel 9=+ <F 10 [ms] B¢t AA AHF
g Fgstez Li-C 3% AF ise Az 190 [Als
sl AAsHE Ho,

_l_.>io
o |

-

4. MEdoldn MY Aot

H
AFo) AEdelA ot} 18 159 48 Ay} 3y
S S8 ZCS "W w45 = e g9 T+ 4

Table 2 Experimental model parameters

Handling Power 5 [kWI, 380 [V]
L 0.2 [mH], ia=0 [A], ipea= 180 [Al
Lo 1.5 [mH], iav=13.1 [A], ipeak=110 [A]
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Fig. 19 Measured voltage V¢ and current ic waveform
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Fig. 20 1isc, is3, is1 and ip simulation waveform of
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Fig. 24 Vg1 and is; turn-off simulation waveform of
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