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ABSTRACT

Design of superconducting DC circuit breaker for

MVDC distribution system with distributed generators

Jun Beom Kim
Advisor : Prof. Hyo Sang Choi, Ph.D
Department of Electrical Engineering

Graduate School of Chosun University

Demand for power of the electricity is increasing worldwide as well as
domestic demand. Currently most of the equipment that people use in normal
is electric devices and the wusage is increasing steadily because of the
superiority and convenience of electricity. In recent, by the global warming,
heating and cooling facilities are increasing every year. Moreover, new
technologies such as smart-phone and EVs are also actively developing as
new technologies. Due to the increase in power demand, it is urgent to
establish countermeasures for power supply. There is a way to increase the
unclear power generation or thermal power generation, which is responsible
for the existing base development. However, it causes environmental pollution.
In order to meet the demand, research and development of renewable energy
sources such as solar or wind power is highly available. Most of the new
renewable energy sources attempt to supply power to the system in a
distributed power supply system form.

Distribution power system refers to small power generation facilities
utilizing new renewable energy sources to increase the simplicity and
efficiency in the power systems across regions or networks. This is evaluated

as a system with significant possibilities in terms of effectiveness and
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universality and environmental aspects. However, it is essential to secure the
interruption technologies to ensure the actual application of the distributed
power system. In the case of distributed power sources, the power is applied
in various directions. And if the fault occurs, the fault current could generate
with a overlap of various power, and it may cause a severe affect to the
devices or the entire grid. Besides, most of the new renewable energies are
generated in direct current. DC does not have a current zero. Therefore, in
interruption operation in DC, it causes a large arc. If an unexpected arc
occurs, the possibility of breaker failure will increase and it may damage
circuit breaker and the contacts of it. For these reasons, DC interruption
technology should be preceded by a priority to construct a stable distributed
power system[1-3].

Electromagnetic transient for DC/PSCAD (EMTDC/PSCAD) program, power
system analysis program, has conducted for simulation. This is made by
Manitoba HVDC Research Center in Canada to analyze the DC transmission
system based on CADI[4].

This paper suggests a superconducting DC circuit breaker that combines
superconductor and mechanical dc circuit breaker. The superconductor is a
limiting factor in the event of a fault. It limits the fault current by the
quench characteristics of the superconductor. After the limitation operation,
the limited fault current will flow into mechanical circuit breaker and it
conducts a interruption operation. To demonstrate the superiority of the
superconducting DC circuit breaker, it was applied to a single circuit to
analyze the operational characteristics of the superconducting DC circuit
breaker. To assure operability of the operation of the superconducting DC
circuit breaker in MVDC distributed power system, grid-connected PV

distributed system was applied to compare the operating characteristics.

_Vi_

Collection @ chosun



A7IAHE-9

71717F A 7A] ALE-E

&t vk At

[e)

| ol Tt

7}

FA4

he

°©

7k
=
=

7S
vl

=

o

A E

7} ~ulEE RV

X
<

R

o e

_q]

A Aol A #]

st

A7l ko]

z‘ﬂ_

of o

el
FeH = ATl AA

CRe

—_L
I=]

Ho

Ho
o

49

3l

s

S

2]

ZbH A ok 2y

e

Al=El o2

N

DC/PSCAD
Aherel

sko}, [1-3].
for

o #uk obujeh AU A
transient

Ho] o}

Electromagnetic

REY

ol

Be s F7bE. 29
AL

=
[¢)

=

=

2k sf o] 7}
Manitoba HVDC Research Centerol 4]

o] A7 A7 AsAA

(EMTDC/PSCAD)

o

b o}y, ALSTOM, ABB, SIMENS

HH
Sl

=

H)

)

ol 7] dol Al A AHEH 3

==

[¢

Collection @ chosun



M= 2Ad=A 71AA A5 AdrE

of

o=

&

EA9 AH BAHL ol

q
Aol <5 12 A

EXd)

N

A=A = 7 AAZM, AFal BA A

ARaL AF7E 71

w
.

—_
fie)

F71 9l w53zl Agate] 2H=A

bl et

°©

S|
o

Collection @ chosun



70 7

A =W &

B
&7
Gl

"K

\a

Folth et AAl gRE

Froh-8

olo

=
=

o A217]7]

o]i1} laptop computer2} #&

3Z
T

tE

<]

7
No

Bl

3. olol Wl olof A,

Al
=

L
a

| ol =

=

stE A ey

b

]

O]E

ol

ol&= w7l =uH4],

z‘ﬂ_

om Ao qAlel oy

o)
AA

s A

&

A}

=
=

=0l A7l A

=23
=4

A}

2-1 & 109 % GDP thH] A= Au]Folrt. 2007d5F-E 2015 7h

22

op

o GDP thH] & an g2 A

i
Agkol we A wd v

_

H
R

7
No

tol 71

S

AA7E

=
=

el

Collection @ chosun



Table 2-1 Energy consumption per capita GDP

2012 | 2013 | 2014 | 2015

2007 | 2008 | 2009 | 2010 | 2011
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Table 3-1 Typical DC circuit breaker types
Al \} = A Al > H =
=5 71 A 2] A5 A 2 sfol B gl =
AF g AR A7) A5 a7
Contro -Ccmtw Static circuit
e Static circuit LCU,::J,UQ & -@
Breaking -
2 S| Z
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W eS sl 3] Zolt} Breaking 3 2ol ZIAIAH A Arc boxE o] Fol 3]
k. Arc box & A7) W] ot 5A4S A &Sty f& A uiFe 1
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g, - arc conductance, 7, : the arc time constant,

u,.. - the arc voltage across the breaker
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Mayr 298 AF{F d5 A9} ofmz <lsle] w5 Zeb=vl =71 8000
K o]t T2 ARgSth ok Sty A A Fol| A ghslth. Mayr arc Model

T :Tm B —1) (3-3)

g. - The arc conductance, 7. : The arc time constant,
are- the arc current, P, : The cooling power constant,

u,.. - the arc voltage across the breaker

B =R AetslsE 2dE AF AdA] 28 U arc modelingS 117 A
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3 s, Arc cooling power= 50 MWE #2311 tH17-18].

o
i
rr
o

2) Commutation 3] =

Commutation 3 2% Breaking 3 29| A 28 ®Z3ch 7| A12] Zdh7]
7b Ak A4 AlzRe W 19 A9l S FEste I EEA, LY CE 4"
o zgrle] HAdol E &3t Commutation 32 HAF7F EFH
Oscillation current”} @A gtt}. Oscillation current”} ¥HAF 2 &ste] 2ekr] 32
Aol dxde] fF=dth A -4 A7l FAAbe] B H= oA Fola, A
(3-5)= A+ Al HAE F34= o|th. E Commutation 3] =22 L #2 300 mH,
C+ 30 uF = AA3A )

*O.5Ldij:;t ] \/T
IL=IQ1+e¢ sin ( L—Ct)) (3-4)

= _— 375
/e (3-5)

Collection @ chosun



4) Absorber 3] =
ulx] = Absorber circuit < ZnO(Gap less type) lightening Arrestor”’} $1%| gt
o AR lﬂ AFAF L AGE AH7E T gk 92719 Arrester

voltage rating < 120 kVZ A3

o,

2. Breaking 3 2% 7|7} /e w) o= X
24 o2 F7FskAl "tk Commutation 3] 2 o]
A Ha AsfAE o Gl s A E A
2 Alzbo] AU A zlZo] AXTHA Breaking 3] Zof Al
3. AAE JdHo= 2ld Breaking $|2& &38| MEEn. o]
AFE Absorber 329 ¥ 7] Fa WA

Collection @ chosun



1 A% 4o 54
a9 34t A% AR AuAsde AY HRrelth Auw ¥
ApHor PAE g8 HRPAe AAR, A2 45 2w HekA
Az AASNAT Ane 2907 TR AY AnE ok Anw
sec ot} 279 E2S Sjgnal time delayES 10 ms A% &8ttt Abar
A F 10 ms olFol AWsIh BARYG A2gS 2 WY 24 20e E
LHERA AT
Superconducting DC interruption system
T s \
NI

Breaker Arc Box

I’ Labsorber \

W0 !

Linesoicage | L 5,15 | o !
1 00—

]

ol \Lourrone| Tork |
, /—T1] L4 10D |—<

]

]

]

]

]

J

Ly

L

1
. i I¢
H Lcommuratjon Il
' Il
—=DC Source \ %

a9, 34 2% AF Ay 48 HRe

Fig. 3-4 Experimental circuit of a superconducting DC circuit breaker

Collection @ chosun



=

NAN AF

kV
mH
mH
uF
kV

tl o] &
120
2.5
0.01
20
20
30
37.2

Mayr arc model

RO
LO
Zn0O
Load

DC Source
Arc Box

Table 3-2 The specification of experimental circuit diagram

el

ol

3-5%= ZIAIA A{F At

=]
=

1

A 7}

H

e

%

o
ﬁo

SHETh Aot SAE

M

7}

e

3

X0

ruze]

s

Al 2.68 kA 2
goma AL HF7E 182 KA 7HA

3

X0

ruze]

=

ATt

wa 7HAAL

7HA WAY

-

Foh 10 mse] A A

“

7}+3

=

o

Tor

=
T

7S
vl

]

Al LC3| =

7}

o} ojwl ZA =47} Quench ¥o] A

) 1353 kA & AFnARI} A

I

SFA T

°©

1

0
yul

B

]

o
R4

1PN
183 ms ool At F2ES

th ol &2

ki3

7} EEE U7 1 secol] Abarvp whAY
Al gt

NN B

=
ok
=1

Collection @ chosun



A7 AN 9S4 85

101 ms #Es AU Ak £ AN AF Awr] Fao] s

AASA ZomE AL HaAstarh AndF
o

AEAFY AF3p BYAZE T

2
o
2
N
-

>

)
Hu
)
e
N
(2
2
ofo
o
i)
32
o
2
f
v}
£

AU E AFFORA O BED YA AEE4S

=} L= -1
180 = DCCA Yolags
1
w
12
2
0
[11]
D w o
1]
el
(9]
> r
» :
o iy = Conmitaton S - St cirrent
n &
i 0 ,“.m“““s'\_ﬁﬂm:” l ‘ l
= 4 [ AILI2tE : 284 ms
g = f Delay Time i 3
|
3 1
| T 4 S
-1
-
= 53 1000 1000 1020 103 150 105

Time [sec]
2. 35 AN AR e 9 48 A FEEA

Fig. 3-5 Transient behavior of a mechanical DC circuit breaker

Collection @ chosun



Supemorductor Vokage
130 --DOCE Vdboa : 2 bt

Voltage [kV]
]

ag - Brasking 1= Commyipin | |mAbmiber _ = Lina Currant
»
—
5 )
: [ —— AJEt2tE  18.3 ms
C w ]
g Delay Time
g =
-0
.
i 0.9%0 1000 1010 1020 1030 L0 1.050

Time [sec]
a9, 3-6 23% DC 27l 48 A J=EA

Fig. 3-6 Transient behavior of a superconducting DC circuit breaker

{“/Collection @ chosun



Fot Al 7EA el g

9

3

—

1=
=

Fo] 19016714, 3200 MW =

rom, thgo® WA 537, &% 802 MW

F71el 8-l

[¢)
[e)

I A

=

ol A8

R

4

e

IV. PV A|2H"Hd AHLH
A% DC A7 5%

AAD A2 AA

(DG : Distributed generation) ©|
EA IS RE B

R
o
R

3

e

]

bz

ARS-ZHEH22].

4-1

=

=

-
Ria

A

=
=

o
M

A FH, vk 2970

I A=A olH23].

S

£ AYx 171 MWe] &3S

3N NN
|| (o))
SlIEIRE R g
&02 — o~
olo
o N
Lon
DN || D H | R DN
oo QN0 ||
i i
gl
o X
oF ﬂﬁo,ﬁuﬁ
~a o IN| =
JXI EL‘L!,W
A ‘wl‘._uur
o

Table 4-1. Current status of power plants for energy source

Collection @ chosun



] O
=

=

o ||
A

¥

[e]

[e)
o 28 %°] &

=%

(¢

Aets Agwa £

< 2F 1,050 kWhe]
o

7

NHX|7F A7F AlA A=A v e oF IO,OOOHH o|t}. Hj
DC &4, QI E ) A]

-

L

o

I AES AL

)

Ay

R

o)

X0 Mo mO go go M _mm < MO Lﬂi ﬁ I Mot
L 0 - W L 0% o e o
: TEis5T ETiz e
T i Bl ol = J° L) o
I ‘Dl — — Q et
Gl o "N . o I = W =
e o S MH % M = o or | M
4 Mo ® % T o4 o T
° kT wmg T T T oo B
= T o P AT F o oﬁ N R T
It = o g M ﬁw.bawﬂmo .H
5 ol i A S = T B E > o
= o s RN LT e p s F
o) ’
¢ % g Yrawl FEPRw 2
) g PN g ow PR L LE D
m < N ) CO Y oo R X %
gV oA | e E|_ O#E = %R P )
T N R = TS Q
X o ~ L= |/ —
,ﬁO ﬁ Q HE ano ;0.._ —_ 1FL JIL Onwo vAL M
wow ol do ® _ W = ¥ < N ox 7 =
” o ) ~ T o w o < o= 0 W
= Ce NI N . N A
o ar o) ® ® o W = o B T
% T <] = U T T do b W %ﬁ Fo 3 <
= < (0T oo T op L oge m m 3
o M T g mER LT s ol %
2 T o . — WON g g T
&= > _— o ‘ml e N AT O# EW E._o E-_ o = 3
m I S 1) T 4 po L o
o D e T _ g TA s g%
R W OB o T e TMMTRTT RS
Mo = | = o o o of T A M E W o
I > < wﬂa TE ® WT T XK B R ﬂ
Boml - V%aﬂmﬂﬂmﬂ ) i mﬁ_o K B
T T OB T T W T W T oy o
CERR i £ do W W T T R OB Mo T
3 o T R ox ® (| 7T ok W T

P ol 4

°©

ojxitt. = WHEE Ryb =4

=%

(¢

FoA ot

Ry &2 9]

3

Fojele] AA
ke

2)
3 tholo= A

o] A
Collection @ chosun



>
N~

N

»AO

~
HO

|

%)

~

A kQole = o

Ao A 2

s

A

oF

(4-3)7 2t} H

2
(4-4)¢F 2ol

[e] SN
H

P 2 (4-2)3 P
He A5 @

S

g

KSR
T

(4-1) ~ 2 4-7)3% 2o

=

Al O A
-

=
£

\ § Id

Isn R,
Rsh

IV

Fig. 4-1 Equivalent circuit diagram of solar cell

(4-1)

L= I, [A]

=

i [Al

(4-2)

- 1) [A]

V+IR,,
nVy

1

oY A, Vi dANA [V]

s

tol &

Hdsk V] R,

S

@ [Q]

SER

Vg

Collection @ chosun



I
+ 1) — IR, [A] (4-3)

— =+ J(T—T,,) [A] (4-4)

Lurep) * 71E2EAA Bl FAA S F (Al S A [Wm’],

J:wARF eEAF AK], T: A9 K], T, 71%% K]

1 Voe
IO(7€f) = Isc(u’f) V Is(*(ref) eXp{— n—‘/T [A] (475)
exp v, —1
V.t B At [V]
I = AT exp| —2 ) [A]
0= exp W (4*6)

E, W= ovA g [eV] A [eV] = 16e " [JD),

v eE 9EQA ko BATEE (138 %) [J/K]

T-1108 e V] 4-7)

B FAA ofgole] HA E9l= Cellolth A71E 2ol HAa @919l 1 cell
Fol Ui zop oy NE AAAI RER AEIY e WAVE

==
A = Qe Ha dEH, AA R ARtk sk Alade] A sl oY

Collection @ chosun



7Zldro 2 A A

[e)

=

21 (4-8)~(4-14)°1 A 4k 7%

o

fu

A ojelele] AA %k

TR S Y
ﬂ TR o)
Y e
o B B
ZT_ O.“ :.L ;_é._ X
~ o o g W
T3 B
S w
| o o o
SEPOR= R
S ~ N =
. LW S ol 0 . y
il o o -
Sedmz 89 =
Ex® _s5° % ) \e O
S ;8 o
Wz%ﬂ%woﬂ % 3
I R Z
Thou®
L2 O o
DI TR S o |
ﬁﬁ s ri ™ 3R EE b
oo =MmBw o '
K = ==
— 9 ﬂ_OI A Te) M
‘w < =0 5 Pl N
> ] Gl )
o S 2
BK EoR A IR
I TS
BT W o2 "
r i -
o W © T 5o L
N wroH — mo N
T oar oM X
e oo 3
- 9 Qo S
ﬂ XL — o E”E o
o X = D..w
™ oﬂ RN A BI
B2 R I
o TR BE T T

(4-8)
(4-9)
(4-10)
(4-11)

(1,) = N,114]
(1,,)= N1, [A]
(V,)=N,V[Vi

,]

1

=

,]

B 33 Cell-Module (Array)

Fig. 4-2 PV Cell-Module (Array)
H

A of o]
Al ool 7

1. 4-2
=] o] glo]

[e]

Collection @ chosun



(4-12)
(4-13)
(4-14)

X R[]

MPPT(Maximum power point

S

Np

—1] [A]

N,

(R, (
Va + ](‘I_Rsa
nN9 VT
A4

i

T,

3 A

exp

A2
4

L =Nk

A ool

%

S
vl

&
L

st B2 ol A9 e

[e]

[e)

e

3) Aol g W gk A7

tracking) A|o17} HF=A] Q.
MPPT @

&NM ﬂ,r.qwﬁﬁwmﬂ %%er
[ BT 5 I < X e~
A = T ®E .y L9 g
oL T RW o oy 2 ®e "
~~ ~ _—
L7 [Rzzic Fobe
s & K R ooy K
W ~ X = X N TR —_—
SEE mEWT L LW
o T < M o0 Q_.L B X X X <0
3 i " o <0 g5 Mo OWO Mo ol 4y
0 = ol = o
o B & TreEE 2® %
MV% _xA:nmmﬂMm mouuqu
T N = S B S
w X S C® N T
=0 ‘i ox o Et ‘Dl rL Lx ‘O|
2oy Mg ERTL
oﬂﬂnweﬂmﬂ?ﬂ%@%%wuulﬂ@u
o 0 S~ U o N o
.o X —_ 71@!~_tﬂ —
Wﬂﬂ%ﬂ%w.%gﬂﬂ)%%%
— —_
G P AN EwdTE g wow
ﬂ%ﬂo&ﬂﬂ%%dzﬂ%@%mw
Tx ° Rl ) —_
pe X N AT e PE ST
{ o ' [
B Lo BRI s BT
W o g o Jo © No T T
Nd Pon_w_ ™ W omo E ~ LG .MWH Y . G
—% -

F oy & o X do
R - I - R
cTAegw A n X LT

. o QO
g M g ow ., mp oy © T M Jo BN BT
N o ol o M_m_ oW W xR N ~ T T 50
I G -~ Ui
I =] T o= WLWL
TR W E T MNTET T dJo W X T T
o) o W TR WM W TT wOR N

Collection @ chosun



1Al MPOPoI| A 2]
nlx 2o 2 Incremental Conductance (IncCond) 7] ©]

°©

7

o ol Moowe mr A o) oy o
7A

ok o i -3 mm T
™ . — oY o O __ wr
T3 Mo ®m O B
R T
o ﬂﬁ ﬂAIL Wi . .HLL ﬂ_,Hl
z.ﬁo " wR .5 ,mﬂ_ @l N
_ZT =~ ‘U| ,mv_.H ﬂ 7E S.L
o N s ol ®
e —
op oF bo — - GO
RrgQ®o ¥ 0oH
KT o BN g X =
o= R Mo o® w
N = o g5 Wy
aﬁu‘ﬂ%aﬁmu1 = A
ﬂAIL OW ﬂAIL ﬂA_lO E;A JtH._
= moﬂurm%fr Mmmj
To°
oy ﬂ T w ap Wb N w
o O
TEaxPx Py s P
PR w o4 % N No
EsgX_ 5% of © o
o T 5 O < =}
A = w o S A
oy = = o ' o~ @ T
0 X ~X N S
g s —x 5T
iy s A et W
NT R ST o T
o o Ko Mo B A
HT ,aﬁl ~5 ﬂ_,Hl ﬁ _ZT o w_t ‘xAl
Vo = ™ oo o
s P TRRETT
Jo<ony & — 5 E
A# s.L o = el "y
e s.L O o =o
0 B oo = W X oy 0
g d e ® _m W x
(A S TG
KO W Mo R
o . % M OB o K om o
(EUN S TR N o i 2 w

-

L

AME 7} A o]
A

FSATH26-271.

=
J|

=

o

[e)

ok, DC-DC

“

Ao

=

80000 pFo= d4

1:
a

2l

=

=

1

s
4

)

7 A C2

LA o) A
Insulated Gate Bipolar Transistor(IGBT), the]e =, Q8 e ¢} AGAHZ FAE

-

10 mH=Z AA

10000 pF, §-ghitell -85

gk P&O Ao

-

Foll A A
A2 A (Pmax)
27]1—:

a9 4-33 & IncCond Ao
2~

!l —

1
L

=k

o g

5

]

fEY

MPPT IncCond 7|Ho=Z EjF AX] ofzo]oA] A% H-
o

#%
ool
o

9

Collection @ chosun



Sence V(k), I(k)

Yes -mV No

Yes Yes
Ik)—I(k-1) = 0 dlidv = I/ Vk)

No

Ik)—Ik-1) = 0 dl/dv = -I(k)/V(k)

‘ V_ref=V ref+ VIV H V_ref=V_ref-VFV ‘ V ref=V ref + VIV H V. ref=V ref-V¥V ‘

< N5 N NS §v4 .

\ Return

219, 4-3 IncCond MPPT &ad]&
Fig. 4-3 Algorithm of IncCond MPPT

Collection @ chosun



converterel A4 EjF Cell
°olE FAME Distributed Generation(DG)E %3} %
DC DG 7F MVDC loadel A& Fgstil dof A9 AC Algo] d4d€rt &
A% MVDC loadsl A A}-8-3} g

e A9, ACASE ol A Fath of H4elA DC Hzo] e

vQ_
% 0.3 secol Booster converter?] W3tszlo g <ls] AF(IpvHV)7F S7FE A 1L,
7t AF(IpvHV)9F I d8F FAH(VDC2)S 4 (4-15)~2) (4-16)3}
o] Ao ZEggozM 17 4-59F o] BHFHAA ool 23 kA &% A

2
FowAdch 09 455 4% A AR BaddAsge) 54 29z v
o

DC DG

Boost converter | DC

e

Transfromer

&

Bus

_@L_%L
=
[

PV Paweti' Source
9. 4-4 BFE BAAYe #3489 HVDC wjdY g2%
Fig. 4-4 Diagram of HVDC distribution applying DC distributed generation

Collection @ chosun



Qlt) = Q(t—At)e;ﬁt +X(t)(1—e;$t) (4-15)
Y(t) = Gt)Q(t) (4-16)
Y(t) = &8 A&, X(t) = 982035, Gt) = o159, T = A4+
B B Alzw el BE S4S G987 ete] oA mE A

9] st AbarE 1 secel W

Lt
AE =5 stk AFALF7]= 05 secE AT 1 9o AL ShollA
5

Voltage [kV]
——

= DC Current
3 2040
= 150
o
c
9 0
c
3
U 50
QG P e ke < o e e
15,0 i
— 100
b
2 50 ] | ! | |
c
B R A A R AR R A R e R R
B
5 =0 |
0]

-10.0

150
% 00 0.25 050 075 1.00 135 150 175 200

Time [sec]

7. 45 B34 PV BARY AsRe RESA

Fig. 4-5 Transient characteristics of PV system in the steady state

Collection @ chosun



= O Current

[A] ebBeljon

20.0

e
W

= =
= =

[v>] 3usunDd

=
=

=2 =2 =
s & &

3

= =
s &

b

['w3] usiind

200

175

125

.00

0.75

0.50

0.5

150

% 000

Time [sec]

9. 4-6 AR A A

6 Transient characteristics of PV system in the fault state

Fig. 4

ol
O

™

110 kV o]t} 1 secoll ©@&ALaL

ok
oF

KSR
T

i

OH

At 20.8 kA 71A

-
L

Collection @ chosun



DC z27] 52 243

IH

e

N

A 2ol

1. PV 4314 A

Nlo

el

—~
fie)

o
o
el

1
2}

A
°F 200 MW +

bt

°©

A7)

ot

3 Ao Aol o 10 ms °F &

< 1y
Al
2]

=

d o]

PVA]2gle] 717

R

2

I

]

4-T& A

ok Alx~®lo|t} 1 secol]l @t AlaLE 29
2
=

2l
o1

PV A2l

2

S

A

<

iz

A

SEER!

A

ERd e

i
nE

e

X
N

fite)

-
ﬂ

nE
e

X

ok

ek 28 4-8
hl

9

A7d71e] A A

1

olth. Z1AA AF Awrle 2w

Fet7]

Fed 10 ms o] % &3+t Breaking 3| 2ol k7] Hxdo] 7iwd

S

110 kV o]t} 1 secoll ApardbAgA]
PZS

oF
7] A

o

fu

1

H

ol AA AIZFS 2 sec & AA
o

PV A2gl W Ae]e] 54

S

d
FA T

°©

9

)

s

QIO

7S
vl

B
208 kA ¢ AnAF7 T4

oS
T

ﬂx_/!

4-82] 2¥ 3} o] 30 ms °|ull

=
4-89] 19 w7

Fe 1

o
q

=]
)=

FARE 1

°©

Apeto] At

=

T

]

Commutation 3|22 LC &A=

S

~
HO

o
e

N

i
nE

e

X

X

o]

fite)

bl 2 Abm AR 24

fite)

Atk Aol &gl n

bt

gl oF 40ms °o]7&e] A

-

L

A7)

o
<!
N

fite)

=

o1

wE

978

s

A 2.3 kA9]

A3

1o

w3}

=

F7F =5 Hh 1 secoll ALzt

]

R

Collection @ chosun



o] quench®th. o]wf AL F= 162 kAR AFE AT 10 ms o] F 71A4 2t
N7F AE AES Justh 9o AR JoEzo s oF 224 mso| ek
=18 9uatd 2ALAR olate] s AAnARES Austowxn 7|44
G712 A3 S "R 176 ms WEA FHEDS F3EHL. o2 ALE

& A% ] 2 gt ALsALY 2 AFTARI BAA 2AEA 2 oEte] A}

Voltage [kV]
]

™ OC Current

Current [kA]

Current [kA]

9. 47 1A% Ad71E A4 PV £
Fig. 4-7 Current and voltage characteristics in PV system

when mechanical DCCB has applied

Collection @ chosun



ﬁﬂﬂ%ﬂ%ﬂi%m
'~ W ST ool 1
ul
»§ EToliBeswe T
il 7 o © O =n o fv,r 0
> | . = "
g .7 o W L A Lo
> > X o o W
‘GL A 1 10 i,._ H.i a _EE X e
G B ooy B ﬂL T Em N w,uom
R o o =< 0 N % !
ol SR R IR B S B 2 Ty Mo N oS ﬁw i T 9
E| 3 — = T AR Jox W o5 w®
2| E s i o N T K
Sl 45 Woom o W og LN o op
= HE & B il S 1 do [ HoH N
i Q o - 1 N ‘VIL
) 5 r W W ogr T o x
z o < Tk oy o~ W o (I T
¥ L) @) =L Xoo—p B
| ] il — HT vl EL o — ) 0 ~ X
g || HE o N
= £F BHT _ZHT oL
= ® 8 7AWM11N_.%1%
e | g | E = Q“_o m T ,ﬂl ]_,Ar ‘VIL ,ml %U oy 1&' %U o
| =] T ﬂ . ) —
f E g R S . S . S
: o4 W e e S . G =
= — S X = M wo 5
8 N o A1 TE o R o ©
! flg eS| nE oy W M NS M = <
: ¥ B3 N oy T G IR
E R - = A=
=T m =T = o e S, T2 o
m i T O T2 T 5 A
: 3 o — 5 = N N o o ™
£ £ g 3 8 8 $ § ® ° 8 § =® =® = = = g§g= NS ﬂﬁdﬂn(g =~ &
¥ o O OC ﬂXF < ,w-‘._ < % OE Mo N ol
[A3] eBerjon [v>] uaun> 4 o0 — o S G
! — X BX &y ol o
R o = 9|/ e Ho
TH . < = 0 o R ol o —
N e ° 2 do M 2 do
i e N R JR S~
- S NN = R ¥
GV | B Aol B R m vl oy

Collection @ chosun



Z O
-

3 °F 40 %]

AlEF ol o R AtEo] 7h53}

o<

dele drns &

Power_Burden =

-
120 - DC Voltage

SER

[}
AA

HoE s on gty w2 2 A FEEe A9
vz A Aol dM A=A &7 Al wE
ATt
SRS, [ AbAR, ¢ AN

100 +-

80 4

60 4

40

Voltage [kV]

20 4

= DC Current

Current [kA]

Current [kA]

-15.0 -

000

a9, 4-9 21 % DC Ad7]

Fig. 4-9 Current and voltage characteristics in PV system whe

0.50

£ A3 PV Bad 4

100 135 150

Time [sec]

2~ gl

= =
AE ARAF SA
n

R

the

superconducting DC circuit breaker has applied

Collection @ chosun



180 1 DECB Voltage . * Sperconductor Yoltage
160
140
E 120
ez
Q o
o W
"
o ®
> 40 i
i AEHELE : 22.4 ms
0
20 ! | | |
40 = Breaking = Commutation = Absolber 1= DC Current
30
—
<
) !
|
+ |
=
o
-
e
3
O ) S———
-10
-20

SC 0,900 1.000 1.010 1.020 1.030 1.040 1.050

Time [sec]

9. 410 A% DC ASV1E A48 PV BAAY Axd 0 Agr] 54

Fig. 4-10 Characteristics of superconducting DC circuit breaker in PV system

Collection @ chosun



3000

k — e — ERXICH7I0| FRHT MR
2500 — ]
i
< H
= H
= 2000 — :
4
c 4
] i4
T 1500 4 bt
3 13
0 itf
T i &
g 1000 H
)
O
500 11 [k
0
T ) I L T L I Lt T ) 1
1.00 1.02 1.04 1.06 1.08 1.10
Time [sec]

IF. 411 1A A 2] HEA4] Aerlel kel A

il

gyg

Fig. 4-11 Power burden in MCCB

3000
2500 —+— EFsHO| FhE MR
— e — ERXT0f T HHFE
= )y
=
< 2000 +
[y
(%]
T 1500
=
m -4
s :
£ 1000
(@]
oo
500
0 \A
T T T T T = . . ; . ;
1.00 1.02 1.04 1.06 1.08 1.10
Time [sec]

a9 4-12 23 %= DC 2d7] AEA 2= 9 A iAol Fad A

il

RA-
Fig. 4-12 Power burden in mechanical DC circuit breaker and

superconductivity when superconducting DC circuit breaker applied

Collection @ chosun



Y
A

R

|

of Aol AA o] A

R

|

Jo
)

X

il
=

FoATr 1A

A| oFE

=
=

k7]

DC

A

o =4

—_
fite)

_(H

el

o8

o

o

R

—_
fite)

oF

~
fite)

ol
o
o
zel
il

~

1o

o

K
<

R

bt

|

B

—_
fie)

o
o
ujp
il
™

X
il

2o oF 17 ms o4

KeX
=

Collection @ chosun



=

sttt 1efal H

[e)

V. 2

A Azge H7)

A% Af g s

—~
fite)

o
o
o

T
e

X
ol

!

DC #et719] Ad&E7} o 17 ms o] whEA Zeten], a7

=
S

—_
fite)

stz o & Ae

AYs, A A

5 ©

-

7k 7t

at7]ell kA Aper]e] BFR

s}
o}

& ©

=

A

ol

O 2k AR Agol= A 2 EREH e

t 4§ a9

L

Ao 2 )47}

ATt

7 1A o2 At AFE AGFoEN Hh w2 A

ATk AsH AT AA e vF

o]

ole} Apzeit.

al

K

Collection @ chosun



2 31 7 3

[1] Frede Blaabjerg, Zhe Chen, Soeren Baekhoeh Kjaer, “Power electronics as
efficient interface n dispersed power generation system”, IEEE Transactions

on Industrial Electronics, Vol.19, No.5, Sep 2004.

[21 W R Leon Garcia, A Bertinato, P Tixador, B Raison, B Luscan,
“Full-selective protection strategy for MTDC grids based on R-type
superconducting FCLs and mechanical DC circuit breaker”, Renewable

Power Generation(RPG) 2016, b5th IeT international Conference on,

10.1049/cp.2016.0564

[3] Chinmay Jain, Bhim Singh, “Solar energy used for grid connection : A
detailed assessment including frequency response and algorithm comparison
for energy conversion system”, IEEE Industry Applications Magazine, Vol23,

Issue 2, 2017.

[4] Shan Jiang, Report-PSCAD component Breaker Arc. Canada : Manitoba
HVDC Research Centre, 2013.

[5] AUAZAATL, A5 F7, 2016.

[6] 3t=r2-3, Sb=reo] = 1A, 2016.

[7] 2472 @ 41 AY, 2016 =7F 247k lE ®alA, 2016.
[8] g=rol A& e, AA Aol A K54 A AL 2015.

[9] Frede Blaabjerg, Zhe Chen, Soeren Baekhoeh Kjaer, “Power electronics as

efficient interface n dispersed power generation system”, IEEE Transactions

Collection @ chosun



on Industrial Electronics, Vol.19, No.5, Sep 2004.

[10] Frede Blaabjerg, Zhe Chen, Soeren Baekhoeh Kjaer, “Power electronics as
efficient interface n dispersed power generation system”, IEEE Transactions

on Industrial Electronics, Vol.19, No.5, Sep 2004.

[11] o] 4%, AFuA 2g3t7] A% &zzet7]o|

g9l =1, 2013.

e
ot
re
-
o
N
=
1o
=
o>
>

[121 W R Leon Garcia, A Bertinato, P Tixador, B Raison, B Luscan,
“Full-selective protection strategy for MTDC grids based on R-type
superconducting FCLs and mechanical DC circuit breaker”, Renewable

Power Generation(RPG) 2016, b5th IeT international Conference on,

10.1049/cp.2016.0564.

[13] Bin Xiang, Zhiyuan Liu, Chuanchuan Wang, Zhenle Nan, Yingsan Geon,
Jianhua Wang, Satoru Yanabu, “DC interrupting with self-excited oscillation
based on superconducting current limiting technology”, IEEE Transaction on

Power Delivery, Vol PP, Issue 99, JUN 2017.

[14] Ran Ou, Xian-Yong Xiao, Zhi-Ce Zou, Yi Zhang, and Yu-Hong Wang,
“Cooperative control of superconductor and reactive power for improving the
transient voltage stability of grid- connected wind farm with DFIGs”, IEEE
Transactions on Applied Superconductivity, Vol. 6, No.7, Oct 2016.

[15] Feng Zheng, Changhong Deng, Lei Chen, Shichun Li, Yang Liu, Yuxiang
Liao, “Transient Performance Improvement of Microgrid by a Resistive
Superconducting Fault Current Limiter”, IEEE Transactions on Applied
Superconductivity, VOL.25, Jan 2015.

Collection @ chosun



[16] Zheng Ganhao, “Study on DC circuit Breaker”, Intelligent Systems Design
and Engineering Applications(ISDEA), 2017 Fifth International Conference
on, 10.1109/ISDEA.2014.208

[17] N.S Mahajan, K.R. Patil, S.M. Shembekar, “Electric Arc model for High
Voltage Circuit Breakers Based on MATLAB/SIMULINK”, Interantional
Journal of Science, Spritualtiy, Business and Technology (IJSSBT), Vol. 1,
No.2, FEB 2013.

[18] LLing Yuan, Lin Sun, Huaren Wu,“Simulation of Fault Are Using

Conventional arc model”, Energy and Power Engineering. Vol.5, 2013.

[19] Ataollah Mokhberdoran, Adriano Carvalho, Helder Leite and NunoSilva “A
review on HVDC circuit breakers,” Renewable Power Generation Conference
(RPG 2014), 10.1049/cp, 2014.

[20] Jong-Geon Lee, Umer Amir Khan, Ho-Yun Lee, Bang-Wook Lee, “Impact
of SFCL on the four types of HVDC circuit breakers by simulations”, IEEE
Transactions on Applied Superconductivity, Vol 26, Issue 4, JUN 2016.

[21] Bin Xiang Zhiyuan, Liu Yingsan Geng, Satoru Yanabu, “DC Circuit Breaker
Using Superconductor for Current Limiting,” IEEE transactions on applied

superconductivity, vol.25 no.2, 2015.

[22] Ryan C. Campbell, Degree Thesis, “Transient Modeling and Analysis of
Grid-connected Photovoltaic Systems”, 2006.

Collection @ chosun



[24] KPX, AlF A YAF A& 918 Matlab 7|9 A1 A 418 =29 7id, 2015.

[25] H<el4=, =& “A Study on the Simulation Model of PV Generation

System for its Application to Real Power System”, 2008.

3|

off
o

7}

o

[26] F+dF, A718, 94, AFA, “MPPT Alo] &darg]s 1z 3 Z &4

[27] 873, HAgH “AedAE dWyHe LCLEH HA AAZIW”, The
Transactions of the Korean Institute of Power Electronics, Vol. 18 No. 1,

2013.

[28] Standard for Interconnecting Distributed Resources With Electric Power

Systems, IEEE Std. 1547.2-2008.

Collection @ chosun



	Ⅰ서론
	Ⅱ 연구배경
	A 국내 현황
	B 분산 전원 시스템
	C 차단 기술 제안

	Ⅲ 초전도 DC 차단기 설계 및 독작 특성
	A 초전도 DC 차단기 구조 및 동작 메커니즘
	B 초전도 DC 차단기 설계
	C 초전도 DC 차단기 동작특성

	Ⅳ PV시스템에 적용된 초전도 DC 차단기 동작특성
	A 계통연계형 분산전원 PV 시스템 설계 및 동작특성
	B 초전도 DC 차단기 동작 실험
	C 고찰

	Ⅴ 결론
	참고문헌


<startpage>12
Ⅰ서론 1
Ⅱ 연구배경 3
 A 국내 현황 3
 B 분산 전원 시스템 8
 C 차단 기술 제안 10
Ⅲ 초전도 DC 차단기 설계 및 독작 특성 12
 A 초전도 DC 차단기 구조 및 동작 메커니즘 12
 B 초전도 DC 차단기 설계 13
 C 초전도 DC 차단기 동작특성 20
Ⅳ PV시스템에 적용된 초전도 DC 차단기 동작특성 24
 A 계통연계형 분산전원 PV 시스템 설계 및 동작특성 24
 B 초전도 DC 차단기 동작 실험 35
 C 고찰 41
Ⅴ 결론 42
참고문헌 43
</body>

