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AR (@), Bz 2 d5-(200)9] ESS(210)914 A5 = A2 AndF(Q), Bx Td95(200)2] BgFdd
q = A3 AlZAF(@)ez FAFET. o], MVDC(Medium Voltage Direct Current) A=ZollA

4 A 3h = /\}ﬂ@-rer EAQL AALARFE THete ddolA 77 Agel A skaL, v AW E AXE DC
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webA, MWDC A2E BE3l7] Yste], MVDC A =

A3 AFLAF(B®)S FR S il 243k wojof g}, whebA], MVDC M=o A Abazh A
gk Aol U 25719 = 9 4 gled, = 89 (a)v Al AlnAR(D)eol
gt B5r)7]e] TCC S4FAeZ, WDC A2E B35 95t 718 WA MDC A28 F2(2304)7F 52s)
a1, CTR(400A, 800A), MCCB(150kW, 500kW) <=M W= B35 7717} E2Hsl= AS yedlnh, w3k, = 89 (b)+
A2 ALHAF (@) gk TCC EAFAeZ, WIC AZE B5etr] 38t 71 WA MVDC A28 F2(2304) 7}
43k, CTR(800A), ACB(500kW) =AW= RS 777} F2&ete ZAS vepdth, b, A3 AL [ (@) AL
e Hske dde A7 AdH R Fa At o R EH W A fX|ete] of7|A= A &

A1 AP F (D) A2 A F (@),

fr ko

N> O

Slgtol A, LVDC M= Abw Al vhol A2 rel= g mEvlse] Bt gisja AEait,

% 9% MV-LVDC 593 mlo]mzagl= Al A9 ESS #lE 8] 9 DC/DC AW E Alole] LVDC A Z oA Abar wHAY
TE5S el Z=wWolth. & 102 LVDC AFAHell tigt B E $13 TCCEA A oltt, = 19
nfo] AR I E AR A EHESE AASIY] = 95 EAFGonE | Ao lojx AL

T 1o =AE =R E FEdn

, A AHew sEE ARy T odddR (1009 BFF AL (11004 FEE Al AL
A 5-(200) 9] ESS(210) ol A == A2 AFLEF(©@), Bx 2 95(200) 9] BFgHd
= A3 AALAF (@) 2 FAET. ojul, LVDC(Low Voltage Direct Current) Az oA =
At Tl EAS AMLARFE TE8tE ESSE wiEElel 2 e A=A @A ESSE Wiy fJF-d
Jate] F2 ARHFIE TFEE 5 vk webA, wEHEE BEshy] $lste] AXA® ESS fFEE AR
Agsty] g 8o ® sbguojof gt wek, R HAoRmNYH AALRE wElskr] flske] DC
ACBE= Al AFLAF(D)H A3 AFLAF (@) aLelste] Abg=ofof ghrh. weba], LVDC M R2oA Abarzh Ay
g Agol digk B57]7]9 TCC 5434 = 109 o] yepd 4 gtk o7]A, AladF@od gt B
ESSE A1 F=(212)7F @938ty , Al AAnAF (D)3 A3 AudF (@)l gt Bas= 713 WA ACB(214)7)
EAska, A2 CIR(218), A3 F2(330) Z A1 MCCB(120)7F At & F& 38l AS Y.
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ot A, #87F FHAOZ A Al vholAR e g wE]]) FA e AP,

T 112 W-LVDC 598 mlolazael= Al ~8leo] 87 F3}H(EV charger) 9} QAWE] Apo]o] ACEH H=EelA] A}
I A A AFY E2S e Edolth. E 128 FEIMESHAO)S AlnA Y HE R3S 93 TCE
Aardolt;, & 19 ZEAE =93 nlo]mzadle A2HOA THRIE AASY E 1S EAFgonZ
el dofA AME-EH = % 1 EAE EHESE Fxglirt.

T 118 #FE3E, At (HeR 2= Afe F EAgE(10009] BdFAdd(110) A FY=EE AL A
F(O) T, 2 TAAF(200)9] ESS(210)9A4 FUFE A2 AFZAF (@), BE HdL5(200)2] B3
20 P = A3 AFLAF(@) o2 FHTt. 714, Al AARAF(D) 3 A2 AFLHAF(@)= AL
A AT A B ofyet, thgre] HWEE st BlaA ARRHFIE A7) wise] sk &
AR A A Tk A3 AFLAF (@)l dlsiA e sty = gk,

=, 87 AulE By 9ske] AAE A4 MCCB(232) & A3 AlRARF(@)S 1Este] HAS &35 1A
3] Ol: g, wEha], $87F $-5HEV charger)(230)9F A1 DC/AC AW E (234) Abole] ACE HEoA Alart whA)

Aol gk TCC 5442 = 123 o] Yebd 4 vk, o714, A3 AFLA[F (@) tidk Es+= Al
DC/AC A (2302 NS B8] fAstel AbanAdel s 7 7h7ke A4 MOCB(232) 2 A5 NCCB(236)7F %A
= E&sar 2§ A4 DC/DC AR E(252)] A X9 A8 MCCB(250) 7} & 23k},

i, = 2 WA = GeollM REIFHE wROR WDC FHEY vlolaRads A|AFe) Abasd S 97k AlE 0
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[ 1]
item specification
o capacity[kW] 100, 150. 500
voltage[kV] 0.75
capacity[KW/Mwh] 500/1.5
voltage[kV] 075
battery - -
internal inductance[uH] 0.634
Internal resistance[m<2] 175
EV charger load[kWh] 150
customer
factory load[kW] 250
load =
AC load voltage[kV] 038
DCDC capacity[kW] 100, 150, 500
converter voltage[kV] 0.75/5
DC/AC capacity[kW)] 250
inverter voltage[kV] 0.75/0.38
rated curent[A] 230~ 330
MVDC fuse -
rated cut-off capacity[kA] 30
rated curent[A] 400 - 800
CIR , =
rated cut-off capacity[kA] 25~8
rated current[A] 800 ~ 1600
MCCB
rated cut-off capacity[kA] 10
rated current[A] 800 ~ 2500
ACB :
rated cut-off capacity[kA] 40
rated curent[A] 880~ 1300
ESS fuse :
rated cut-off capaciry{ka] 50
¥ 1S #zxshd, "ggAdde] &8 100, 150 2 500kWel ™, ESS-E wlE]2] 9l ESSS] &% 500/1.5kW/Mho]
AL, Wi dY®”AE 0.634nH, W AR 7.75mQelvh. B=F, F87F Fake 150kWe] H7AEA FA 7)o

250kWe] FARELR o]Folx glom AL AC 380Veltt. I, Bl BALE DC/DC AMEY &S 100,
150, 500kWolw, ESS& ek DC/DC AWE el &3S 500kWolx ¥-3FH8 DC/DC AWE e £33
500kWolth. 28]a, 8718 DC/AC QW B9 =S 250kWoln e 0.75/0.38kVe|th. mEdH, M= E-o] MVDC
NzAZo] AES TFR-CV/95mn olw] ZA-E 2. 4kmoli, M= Aau AdAels 2 oEel~= 717} 0,469,
0.533uF, 0.533mHE AHA =T},

?_]__

N

)

AT wE HALATo] FABI WIC AEHZeF A WDC AES CU/XLPE 95mm o] 1,

A& 27 1.4, 0.8kmolal AR AFE 27 270.2, 154.4nQ 0% Ag@c), 34, % A 9 B [ VDC @_%3
CU/TFR-CV 70mm20]™ Z4S 0.2kmo]aL M &A3S 53 6mQolth. W3k ESSS LVDC AZFE CU/TFR-CV 300mm2e]
o FAL 0.2kmo] L F-&F3 LVDC A E-S CU/TFR-CV 120mm20] i &4 0.01kno 2 74744 Az Adhe 0.601,
1.53mQo2 AbgHc), kA, 5kV MVDC A2 HIE 918 MVDC 729 CTRS 7}7} 230 ~ 3504, 400 ~ 800A<]
AAHFS} 30kA, 2.5 ~ 8kAS] AAAGAF EAHS 7AW, 750V LVDC A= HSE 9]¢ MCCB, ACB, ESS #F=
o] AAAFE z+z} 800 ~ 1,600A, 800 ~ 2,500A, 880 ~ 1,300AZ 7}A™, AAAGAFE Z+zF 10kA, 40KA,
50kAS] Aehg-ES 7P

o

w3 A AlnzAe = 133 o] vkl 4 it
T 135 A Auzxdas Adgstr] 93 =dolt,
T 138 &, F1e 3 whAddRe] ukE MF A}aro]ar, F29} F3: MVDC A|EA R Alug Jeldt, =
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3}, F4+= HZE HAQJF 9 ESS 1= A2 Alaro]al, F53 ESS DCZ9] CTR(contactor)3} DC/DC ABIE Alo] e
Abarelm | F62 DC/DC ZAWE] e} ESS Alo]9] Atarg yepdith. 3, F72 B Bd Ui BSSet 4-87F Afel9
MVDC A& Abarola, F8 CTR¥ LVDC-E DC/DC HAHE Alo]e] Alaoln | FoE Bz Wdgie] ejodd e
LVDCE AtE yepdtl, %3+, F10, F12%& DC MCCBS} DC/AC Q1HE Alo]e] Alaro]lar, F113 F132 DC/AC 91H]
Elo} F3} Afolo] AlE g gk Aot

. Aded AEdeld 208 vigoR Fowxdre] QAT WIC A (F)AN WAt WA A
2 wEs)7e $ASAE Y & la, % 14b % % lesh 2,

k1

lda, = 14b B = Mci= F2ollA Abal 2] ALdR B B357)7)9) 4548 AdWsr] A3 mwolr.

T ldat AHAF(F2)e2 32+ AA AlnAFe A7) 92 Wes el Al A AF (D)2 PVL, PVe,
PV32] DC/DC AME A48 (500KW/500kW/150kW) 2] 1.25u[<] 01 0.83kA, 0.83kA, 0.25kA9] AlmAF7} z2+z+ Alar
AF(F2) o2 THES & F Ak, B, A2 A F (@) A3 AFLAF (@) ESSSHelA 373+ 0.83KA,
F3183-8& DC/DC AMESFelA 3F3hE 0.05kAZF 242 A A (F2) o2 FdeEe & o+ AUrt.

T lbE AaXA(FeR 328 AA AndFe 33¥S vehun, 27 354 DC/DC AWE WH-2
LE & (& sl s e AR/FE x23ste] FHul 3.86kAY] Alnd {7 BATS & 5 U,

mgg
>

E et RE7)7] FAo] @ AmAR 5AS Ui, A wA F 3 aaye] e F= e o
Lofmslel Sabelal, nz wagye] Qe F= 2 2.30mslol Sapste] AaTzie] BaHe o & v},
Wb, WDC M2 el MAE F27h b3 WA FAsel WIC HRE BEsE An T Reldel, &
87ke) AAS WAL 5 e % 5 Ak

@m, nmx waarel ESSE MEelSe] LC ARAHES A BeAbusl wg Aol deke], AR
9 wEl7lel FARAS BRI E 150, = 190 % % Lacsh g,

= 152, % 15b 2 = 15¢E F6ollA At Al AARAF 2 BE7]7]e BAEAS AWy 99 =dolt),

& 16av= AFRAH(F6) o2 52 A Abadirel 27 2 s vdehdH, Al AR (@)L F s

of B el Ewdhs 0.34kA, A3 AFRARF(Q)2 B dddRo] g =

7ﬁ AMaAFFe) o2 FuEE & . B, A2 AdF(@)=  ESSE HiE
kA9] =2 AbAF7E AFLAR(F6) o2 58S & 5 Ao

H

% 15b ARAR(F)OR B2t AA AmARe $¥e vehie, ESSE HES gpdeton s
= ARE Estel Av) 35.3kA0 ALAFA BAFS & 5 dnh

% 15c M7 ERl €@ Andf 54 ehed, BSS F2E A B F o Ldlns]el Bah,
AWE o] DC ACBE S0[mslol 29 9 & ATk, Wb, BSS 27k b WA Aol ESsE wEe
g nEdtn AnTHe Fe@ F 9eS ¢ 5 Ao

o
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T 16av= AFRAHFID SR 52+ AA AlnAFe 371 2 WEds JeEhde, Al AAZdF@O)S 5 2HY
lM A dels FFeE 1A, A2 ARAF (@)= B dddRe] ESS® HiElgold TFsks 1267 2+

AtAFe R FdES &4 F vk B, A3 ARHF(@)S B AR AF9 HEF AU I3
0.17kA2] Al AF7F ALAH(F1D) o2 F48S & 4 9},

N
Fl

L 16bv AFRAHF(FIDCRE 32+ AA AndF/e I3& Yepu™, ol 1.9kA9] At d {7 2SS &
2~ o)

T }\}\T;}'-

T 16cv Hu7|7] T4 9% AladR{e 54ES veERedl, AFRAH(F1De] 77k AC MCCBE Akl A
% oF Bms]ell 543t Alar F7H& EEste], 787 AHE HET F IS & 5 Ao

ool Al HArE unpel o], B o] wEm B IR YFe] FHEE ESSAA FYEE Al Fol gk
MVDC A2u LVDC A2 B3, F dHgy = Bx SAdRe] HUYFRENN F995 AlndFel sk
LVDC MZe] BE, BEx HHYFe] gIdFRENAN FYss AndAF gt #87F 315 dnje] s 53
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Fe gdd AU eldR Ber)7]e] S-S AlojstneA nlejaraEE bgHow 83 = 9t
ool A= AN E skl AWstdAnt, dd 7le ok suwE A= sl 53 Ao Wl 7
A 2 odgo] AN 9 o iy glojux] ok W ddA 2 3ES udsA 4 % BAAL
=5 olEE  AS Boltk

F5o 4y

100 @ F dd K 110 © 5 B|SFEE

120 : A1 MCCB 130 : A1 DC/DC AW E

140 : A1 CIR 200 @ B2 Ay

210 : ESS 212 : Al F=

214 : ACB 216 © A2 DC/DC AW H

218 : A2 CIR 220 1 Bz HYRRE

222 : A2 MCCB 224 @ A3 DC/DC 7AW E]

226 @ A3 MCCB 230 : EVE F37]

232 :© A4 MCCB 234 © A1 DC/AC 1HH

236 : A5 MCCB 240 1 F87} Fa)

242 : A6 MCCB 244 @ A2 DC/AC 1M E]

246 1 A7 MCCB 250 : A8 MCCB

252 @ A4 DC/DC AW E 254 @ A3 CIR

310 : MVDC A& 300 @ A=

320 1 A2 F= 330 @ A3 F=

400 @ FEZT
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EH2
sg?
X 158 [uH] 2.35 [mH]
_in |_out
@—gln 1, Lo _
i1_bottom L@'_] il_top
A 1 T A
v_in l—“:ﬁ ﬁ":-\§ V_out
“ (N
swi
1 [uohm]
C AN O
i2_hottom i2_top

power control{outer loop)

[Wain] P_rel_PYi B{Eads . 1000

current control(inner loop)

1000

EW3a
w2
Lin 158 [uH] ?T:L Lou 2.35(mH)
i1_botiom L§,|,| | it_top
(\ 'y ™
v_in i—“;_%’l 'i\.‘::\é v_out
Wi |
1 {uohm) |
. AV ‘ &
i2_bottom i2_1op
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i 5 SO - SRS S
i s
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e ALY @)
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Abstract

Recently, demands on MVDC distribution system is being significantly increased due to interconnection of renewable energy sources,
expansion of DC load and high quality and reliability of the power supply system etc., while commercialization of facilities for
MVDC is yet in early stage. Accordingly, demonstration projects on applying existing AC devices and cables to MVDC distribution
system are being carried out. However, the protection on high-cost facilities such as converters and cables may not be reliable in
the event of fault, and then operation method of protection coordination for MV-LVDC micro grid(MG) system is being required.
For the purpose of stable operation of the SkV MV-LVDC micro-grid, this paper proposes operation methods of protection devices
depending on scenarios, such as faults on the MVDC line, LVDC line, or customer load. And also, a modeling of 5kV MV-LVDC
MG system, which is composed of PV system, ESS, MVDC cable, DC/DC converter, DC/AC inverter, protection devices etc., is
performed using PSCAD/EMTDC S/W. From the simulation results based on the proposed modeling and operation method of
protection devices, it is confirmed that this paper is useful tool to perform the proper protection coordination.
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MV-LVDC Distribution System, Off-grid Micro-grid, Operation Method of Protection Coordination, Protection Devices
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Table 1 Simulation conditions

item specification
e capacity[kW] 100, 150, 500
voltage[kV] 0.75
capacity[kW/Mwh] 500/1.5
voltage[kV] 0.75
battery - -
internal inductance[uH] 0.634
Internal resistance[m{2] 7.75
EV charger load[kWh] 150
customer
load factory load[kW] 250
oal
AC load voltage[kV] 0.38
DC/DC capacity[kW] 100, 150, 500
converter voltage[kV] 0.75/5
DC/AC capacity[kW] 250
inverter voltage[kV] 0.75/0.38
rated current[A] 230~ 350
MVDC fuse -
rated cut-off capacity[kA] 30
rated current[A] 400 ~ 800
CTR -
rated cut-off capacity[kA] 25~8
rated current[A] 800 ~ 1600
MCCB
rated cut-off capacity[kA] 10
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item specification
rated current[A] 800 ~ 2500
ACB
rated cut-off capacity[kA] 40
rated current[A] 880 ~ 1300
ESS fuse -
rated cut-off capacity[kA] 50
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