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@A) S04 AA AU e (Case N9 Nol HmAQl Aew AAHW HA2ARA} 7 2 AGe o W
WA 2ol g wEREr|7)e] A4 AuAen HAe £ wyow AAITH(RA S144).

au MrE wasAE agAw, ow an AndWE G e gz e wEen 2
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[0094]

[0095]

[0096]

[0097]

[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]
[0107]
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A%, AT A2 (Case N BEHZ £80] Bisd Ao Frlar,
ole, B wige) mugel e AFUeld A ¥ B A dyw

+35kV MVDC 5 wjdWe] Rafzxr|7] L8548 Hrielr] fg 30Mie] MVDC s ZHo]Hd 2 15Mi<] D/L
3 e%, D/L GIS Z MMC CBoll W3t AAxH1e # 13 2},

=1

18 AEdold =A% e

[ 1]
items contents
o modular multi-level
Py converter
rated capacitv 30[MW]
MVDC fah:d ) AC input| 22.9[kV], 756[A]
. current an
tati Vi, ¢
station i DC ocutput| +35[kV], 429[A]
number of multi-levels 28-level
MMC CB #1,
tion devi ool
protection devices MMC CB £
rated capacity 45/60[MVA]
voltage ratio 154/22 9[kV]
e winding connection Y-H0-¥
distribution CaDaCi F £
pacity of 15 g
substaton | dispribution line v
D/L. GIS #1.
tion devi o
B e D/L GIS #2
ER, Aba B 2HoRE & 63 o] AT widEelM Ata Al 7HE 2 9 £ 5 3 Pole to pole(P-
P) ©ha WVDC A Elold Ui Arm wHE Uiy W] 2315 34 wE AbaE AR d
T 6 £35kV MVDC A FA|2~Ble] g elE Agelr] 93 mwoln),
E 6% Fxstw, P-P Abazk WDC sjR Az Sol A wAEtan, 34 wEhAlazk MVDC sjEl 2eeol A Ul el A
sk, Arm ©EALILZE MVDC BiE 2~HolAd Ul FolA EAst= A5 s

o

AN ANG An 2T B Abn 20 WAAE BEREIE B A% A2EH TS
FslakA gb) miel ¥ wel e 1es

W, 356V NDC AF WA REFE/Y) 3 SFHAS o] Akl ANF ABAA 2% 4
AR ALt mpEr, wHdE WEAe RoHEZY|7I(D/L GIS #1, D/L GIS #2)9F MVDC HlZ o8 HofHx

X
7171(CB #1, CB #2)¢ #HAFAA71(0CR : Over Current Relay) @ A &F#AFAA71(0CGR : Over Current
Ground Relay)ell o3t AXE 2b4gsid ® 23 2.

% 2= A5 AvEest e Bzl g 498 vehdd

[ 2]
OCR OCGR
. CT |time [instant- time [instant-
LR ratio |delay[aneous| lever |delay [aneous| lever
tap | tap tap tap
I, 600/5 | 4.7 | 46 3.7 0.9 | 308 | 45
GIS " ' ] ) ;i '

Case 1[1200/5| 4.7 | 23 | 23 | 09 | 154 | 44
—t 44
Case II|1,000/5(10.6 | 15.1 IF)'_ B i | . PR

Case II1.200/5| 4.7 | 27.8 14 0.9 9.5 1.7

ShE | MVDC A5 vl we] g Alal BeojxS wleo 2 PSCAD/EMIDCO 23k Apar

pud

Jlm
ox
ru (3

& YE ¥ 39 3
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[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

ZIHSd 10-2025-0080609

[3Z 3]
faul measurement I ” fault
ault type point voltage[kV] current[kA]
D/L #1 6.99 2.05
pole to pole —pr 5 7.00 1.54
short circuit in| WMMC #1 6.68 1.91
MVDC line MMC #2 541 1.54
(A) MVDC line +H) .69 +1492
PV system 6.96 0.44
3-phase short D/L #1 4.?6 2.2
dhouti 2o D/L #2 453 1.89
converter station N #1 400 255
transformer e ,:;.2 - LR
MVDC line +34 38 +0.27
®) PV system 4 48 0.46
Arm short D/L #1 8.26 1.68
cresit in | T 7% e
e I L 6.84 131
valves MVDC line |+1.04/-35.21 +0.53
(C) PV svstem .16 0.43
WA, MVDC w25 A P-P Abart RS A9, wEdg wHdael MVDC Bl ZeElo]de] dete] 40.9% ~
53.0%7+A & % 2 A }04 Y WA R FE&IMA AAYY dFEFE v F des & 7 Advk
ojuf, Atxrk AJE MVDC widAZe] At 0%7FA] #radshd, AlndFE A9 oF /8 A=l Ho £
14.92[kA]7} WA S}e], } AFE Adsle {7 e S5 dF89S /e Badzrivr 288
o g At
S MVDC Hi A zElo]d UlF-ollA 34 @Al whAlskE A9, wldE RS FHAgel H 65.6%
74A AEasbe, MVDC i SEjo] A S2 H o 80.2%9] AbAdstet Aol of 4ulel 2.95[kA]e] ARl R A
B 2=

e
o 4 Q.

2ol ¢ 2.2HH°J 1.63[kA
St =ro] Akl AL 0%71A] sk kA<l

7], gl /\g s

- Off-DASe] 93 B3 E4(Case 1)

& e 219

=

o]&-3}ed,

Case I AA A]ler]_?_Oﬂ tj3te], MVDC H

ZEol A8 HE
=7 A
D/L #1% D/L #2°]

% 78 Az,

N

ki

8 Fastul,

i B e oA
) 5

2}~ (CB

D/L #1 7)ol A
D/L #2 7ol A= 1.54[kATS] Al

MMC #1 Ft7]ol A& 1

%

7[kAlS] AR F7E RSl

1 ol3te], 168.9 Ato]Fe] F=FAzto]

82 MVDC HlA Aol U REdz7]7e = Ex
MIC #13} MMC #22] xFet7] (CB)

54¢ e Tz, 5

g e T eln},

AL e,

92[kAJ o] ARaL%

Aol o5k 315.9
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
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MMC #2 27l A= 1.54[kATS] At ATl 9ste] 670.6 AFo]E2] F2A7to] AbgE S & 4= Q).

whebAl, Case [9] A% Aluhel ol At WDC WA ROl A PP AL A, wlHE WHLZ
A zHold g REPE7)7) Bt el Faste] AaTrte] Sd Aol A& & & gk,

719 EAP WEew nx 3F Ave, = Case 11 2 Case 1110] g B5HE $8542 Fqalo]
e as) 2,

T4 A Auest st Radzrlvle] 4% 54 e,

(3 4]

operation timeof
protection devices (cvcles)

items DL | DL | MMC | MMC

GIS #1 |GIs #2| cB#1 | B #2

A tvpe | 1003 | 1689 | 3159 | 6706

Case I| B type | 567 | 1161 | 1151 | 3297
C type | 1430 | 2282 | 5327 | 16264

N F 243 |F. 314

flpel| 1003 | 1689 | 1, o4 |p: 378

- F: 151 F: 247
Case II| B type | 567 | 1161 | © o | D
F: 203 | F: 38.1

c 1430 | 2282

type = D: 352 | D: 461

A type | 1003 | 1689 | 1923 | 3843

Case I B type | 567 | 1161 | 700 | 2007
C twpe | 1430 | 228. | 3242 | 9899

U, gE24 AAae A9 49, 0R H
)

F2AF(2.6[kA]D 7 =A A E ], MVDC vl 2H ol A&
BEHZ7]7](MMC CB #1, MMC CB #2)7} AtmAlol= T28HA] &8 4= glof F F
B

Aol Felaforitt.

ol ol A AHE wupel 7ol E wbde] whEW, £35kV MVDC AFE wlAES o E mMAAES HEPzv)
9} MVDC A 2Eo]dZ BB 7k ©

o2 WDC B AEjo]dg HEHEZRr
2 AAHY & .

ol s AAdE FH2dle] AYsidAnt, T 7w Foko] ¥ IFARE 1Y 53 HTe Wl 7]
A Bodgo] Al "W ofod oz RE Hojux] ghs W Ul E S goksiA 4 @ dAAL 5 9

25 Y
10 @ HFFALY 20 1 AC HiAA=Z

30 : MVDC wjd 2=glo]d 40 @ A8 MVDC A=
50 @ wlAg WA 60 : HIE¥H=Z7]7)
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Input operation data and specification of
proiection devices in distribution system ~_8102

(D/L GIS,R/C MCA.minimum operation current,stc)

'
Input operation data and specification of
protection devices for MVDC station(rated capacity —8104
of MVDC station_ interconnection location etc )
Assume setting scenarios for protection devices
in MVDC station(Case N)

)
N=1 5108

1
Assume contingency faulls in distribution system

with MVDC station{fault k)

——5108

—5§110

[ N 8142 ,
k=1 8112
"3

Analyze fault currents( Ik_p.lk_q)of protection devices -

in distribution system{l, Jand WOC station(d, 4 )

Ek=k+1 }m«smu

P(PROTECTION DEVICE IN DISTRIBUTION SYSTEM)=1,
Q(PROTECTION DEVICE IN MVDC STATION)=1

——5116

3118

Ikp‘-_"m:'nimum current
of dy & |

_14_



Y

Caleculate coordination time intervals betwean
protection devices for fault k(TN =sThk-7 1K)

S

Evaluates operat jon adeguacy of protection
coordination for Fault

—~—5134

Evaluates operation adequacy of protection
coordination for Case

——5138

Determines maximum fime interval scenario as
optimal operation metshod

5144

_15_
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=93
Staton 154KV bus |
voltage source -
g ;“ ----- ‘l &m - -I
Main : Contros I : eSS
NGR2 NGRI : : v
orr oM or oM ) ] £ / \
\ \ : | of
| ! 1
| I
i |
| |
0 0 ! :
(e m——- " L N P et
) 2SN z A

| 1.5915 [mH) !

——————— -

main CB &
monitoring devices

- I. | R |l
¢ NGRIL @.‘IG‘C

main transformer
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Journal of the Korea Academia-Industrial
cooperation Society
Vol. X, No. X, pp. -, 2019

+35kve MVDC &3 HiIHZQ EoHz7|7| 2881250 et 3+

A Study on Operation Algorithm of Protection Devices
in £35kV MVDC Distribution System

oF X2, 7|E AC HIMMZO| M2EZ2 BLHAIZ|7| 2I5t0] MVDC HIXZO| Cist AT S7l7} ZstH
. JBfLf, MeEHet s MH|QI MvDC B AH[O[MOf CHsE FAE QI 28 7|F0| OHEof U
Of, B27|7| ¥ B9 2gWeto| 2750 ULk £3|, MVDC HI™ AHO|M A Al HIMAES B
NP %D 28 AR AtnEd Al 1% F7H0| TigEof SYMES| Bt o)A <

O] QUCL matM, & =20 1% £35kV MVDC AZ HIHY CHEOE HSEH Ez7|7|et0| &

2 25to, MvDC HiI™ AHO[ME EZHE7|7|0f gt Alngd 3 AlLZ[RE 28YD
PO} S, HMAE A-8siA T2l PSCAD/EMTDCE 0|-83}0], HiT-&HMT™A, MVDC AH|O|
SOE TME 135kv MVDC A HiXAe| RIS HsICL Hotst ESEAT|7| 28L& OfY¥
AVHAIDE HIEZCZ MVDC AT HiTZO| BESHX 28EMS FIich Zo 222X T YA 0|8%t
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Keywords : +35kV MVDC Distribution System, Contingency Fault Analysis, PSCAD/EMTDC, Operation
Algorithm, Protection Devices, Off-DAS, Protection Coordination

1. E AlZ17| 2lst 43 A7 TIME D QUCH1,2). 2L

ACOIA DCE TEg HEkst7| 2st F24H(Ql

2, MRS STt mYez QlY MVDC HiH AHO|M2 28 Al ASA T 24
LSt e HASHE XA ZHE sHZsH7| |t o|x|Dt, sx) ESEHZO0| st 287|F0| OFAHE|of
ot & SILtE, 71EL] AC 229kv HIFMZO|  QIX| tof, E57|7| MEO| Chst Q0] Qg
70kV(£35kV)E MVDCE H85t0] MZE8ZS S 1 QCH3). £3|, MVDC HiXMLC| B3 X0 st





ATe T2 LUEQl MARE 2RO 2FE F0,
DC ZHdol| MX| 2l P27 |E Soff e n&-77
ots 22[5HALH4), 2714 MYF AFL7F MvDC 2t
MENA| DX Res MONF S ZXE
A3t #et5] S0 MA|Zl QUCt J2fLt AC #
HAZE BD7(7|12te| ¥AE 12{SHX| @ MVDC
AHO[ME 2838t 42, AL Al HITEHTAR

ek, 2 =20AE £35kv MVDC 23 HiHY
S [fAC R HIMAES 257|7|QF MVDC HiE AH|
O|M%F E27|7] 7to| oFgXol BEoHE 285 ¢
6t0f, MVDC HiT AE|O|ME 2 E7(7|0f CHSt 3
74X HY ALUZ|RE HECER HPMHE "HItste
2ne|ES HMetsich of7|M, R MR FE ALzl
= MVDC Hi T AHO|[ME HESHZET(7[2| MES HY
MEHTA A7 T LA SYsHAH H8st=

4 d

—
BN, F HR= 222X T

Of
rl

= Y WAlS XD,
M EITE DA B WAS MEHITH Mok
WAl HES Ao HEAS 8ot Z2aol

<
W)
@]

[mmy
=

PSCAD/EMTDCE O|&5}0f, HiMERHT A M
™ AHOIM, E27|7] 52
AlZ HjMOto| DS ABHB
A2l HiEtoZ Cikst Aol APHALD S|ME

o
3 MVDC &3 HITH-S| BEegx7|7|9| SHEY
A

ro
iy
ra l-'__l
>t
rE
=
N R
=
e
=
oz

2. +35kV MVDC AZE HjFa LM

2, ZHAR AHS £ MVDC HIE AE|O|M
S 0|238l0] 7|Z29| AC 22.9kV MZ0f| DC +35kVE
71430, 30Mwe| MBS FESHE MVDC AlAH

Oist M5 A Z2HETL gD QUCH3) XY

=2
ok

r
ol

=2l £35kV MVDC &5 A|ARI2 Fig. 11F 20| Ef
LMY, AC BIMMZ, MVDC HIE AH|O|M, AZ
VDC MZ, HiHM8HMAA BS7|7| 502 74
T, HIHMEHT A0l HYV|ZEH QIEE 2719
D/LO MVDC HiZ AE|O|Mo Yttt Z3cto] 2t
Z} GZAE|0f QUL EEBH EfLZTR0| HAL[Of U=
MEZD/L #1)Q] 3{&8TF2 15MW]E MVDC HiH
AHO|MO] 822 30MWIEEL A7| 20, 42
HAIES 28 MVDC B AHO|M LYEO| %kM
2E 2X5td, 30Mw]2| =T §ARTAIHO| 7t
SI=E FMEICE 0l2{8t MVDC AF HYTOfA
MVDC i AE|O|M LYSO| At 7t gt A2, ©
MAZ B27|7|7t HA SZSHA 2/H 0% 7740
o=E0] SYMZ0| Ef Do oAFes & = A
o852, MVDC HiT AHO|MDt HiHEHH ALY
BoHR0 o 28 #eto] 7 ECh gL,
MVDC HiZ AHO[M0f CHoE #H|ZQl HSHE &
87|F0| OtAE[0] /UX| 0L, 2 =20ME= Al 7HA]
MY ALIZ|RE HIEICZ2 MVDC Hi® AHO|ME
BoHR7|7|0| i3t 28 YAlS EISI At ot

oo 02

<MYVDC station> 229KV, bus
MMCH2 L =
GoMW) | —
£35KVpe R g
MVDC line 4 loop DIL#2
circuit

45/60MVA

— DL #1
MMC#HL F I,
GoMw) [ 7

bank #N

45/60MVA

31 MVDC BT AE[OJHE | 3

311 BEAAY] B UAE HESle BR(Case )

HHEAATTI9]  OCR(Over Current Relay)at
OCGR(Over Current Grounding Relay)2 $HH29| &
= dx FEEXHO| mat SEAIZH0] Z-™El=0, CT
H|, =AI®, SHAIRION 25t F-EX|7F APEEICHT).





HA, HHAH ™| CTH|= M2 820 Lzt &4
T™FOl| 1.58E sto] Adtet = JA=0l, Ol LtEFLH
™ Eq. ()2 ZC.

CTratio = MX ™
V3 X229k V
Where’ Pstation : rated CapaCity of MVDC station

S b X[Eof TS =AIR2 Hel E=7)7

— Hi
2XEe| 3y HEER 158 E= 1

CIR=1=%5) e
K2 RO 148 O[22 YLD, O|F LIEILY

™ Eq. (29 ZCt
Instantaneous tap = I; X KX CTratio 2

Where, 7 : fault current(3 Phase short circuit, single

line to ground fault), A constant value of
instantaneous tap by fault types(short circuit: 1.5, single

line to ground: 1.4)

SHH, &b X[E0f CHE SHA”2 3| 2HTF
o] 1581 % 03HIE 7|E2 2 LHHstD, 0| LIEILY

station

Time delay tap = ———————
V3 X 229kV

X XX CTratio (3)

Where, X : constant value of time delay tap by fault
types(short circuit: 1.5, single line to ground: 1.4)

Hi Of &+ 4.0HH O[StE APYEICE EESE X|2H0f| Cish XA
SHTFE Eq. (5)QF 20| ARSI FOl 0362 A
He|X|2 MZo| Bt 2HY MFE 1e{sto] FHK|
£ APgsta ULt sHH, 2|2 2K 9| A2t St FM2
QUHIHMO 2 [EC-VI #1~#7 EHTME AIRSIC

Iop(G) = L% 03 ®)

Where, /), : minimum operation current of

protection device, 7,y : maximum current

m

Ne)

o

B

N

o

]

12

r

o

mo

N

M

|o

Hu =

od 'Y

I To
(@)
_|

Hl= Eq. oA =| ME
O 1582 APEE o= QUCE EEBL TR0 CHSH &A|
Y2 Eq. (7)0f 20| =THYT| 2X1F 34 =
Of 1.5HHE AFEE 4= AL, X|2H0f CiSt AR 2
S Za®"(10A)2 HESHC) sHH, chetar X2k Cf
Sk A2 A|CHE S ROl 1581 % 03HIE 7|E
o=z FHESIH, O|F LIEHHT Eq. (8)2f &Lt
P. .
CTratio= ——" %15 (6)
V3 x229kV

Instantaneous tap = LX< 1.5X CTratio (7)

station

7><X X C’Tratio 8
V3 x22.9kV ®

Time delay tap =

Where, Lg 3-phase short circuit current in

secondary side of station transformer, X “: constant
value of time delay tap in station transformer(short

circuit: 1.5, single line to ground: 0.3)
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28dne|E
A0 HMAls ESHET|7| EE SRS HE
o2 MVDC AF HiAS| HSHAE /2 MVDC
HiH AHOIME 2E2¥X7|7| 28Y1e|ES LIE

LiZ Ch3at 2ot

[Step 1] HITA SO X ¥ 281 A= DL
GIS, 222N, TR ZXEY| 9| Bz HA7|7|0] oY
Stod, 3|82 CTH|, &=A| Tap, BHA| Tap, Lever, &
L2SAT, SHELIM 9 2&H0|HE UHSt
1, MVDC HiF AHO|HE HoHZT|7[0f CHet A

AKX X A48T S 2EHOIHE JFeirt





[Step 2] MVDC A5 HIFLO| ALl il A B
dx7|719| SXHEHS 5

ZZO™ME 0|83t0] HIME ,
MVDC 2HO|H, MY S22 FHE &3
MVDC HiE Yo BEHZS 3Sict

[Step 3] HITEHTAZ HSHZXI|7|A9| ES
gz 28EHE BUI5H7| fI5H0, MVDC HIiT AH|
O|dE HZPA7|7|0| tiet HE AlLt2|2(Case N)
£ Ch21p 20| Argsict
o Case | : HIEHTA Ho AT FH 24l
o Case Il : 2|22X FH YA
o Case lll : DAY T YAl

[Step 4] MVDC &Z HIEUOA LMgt = U=
Chsh AFDO|| CHDH 2SR 77|90 SEEY
Mst7| {510, ChEIF 20| At BF(faultk)
et

« fault 1: MVDC HIEME P-G At

o fault 2 : MVDC BHEMZ pP-p At

e fault 3 : AC HITIME 14 X2} AtL

o fault 4 : AC HIEME 34 G2k At

o fault 5: 2HO|M LHE ACE 14 X|2f AlD

. fault 6 : AH[O|M LI ACZ 34 TH2t Alm

o fault 7 : AHOIM L8 HMEZE Arm TH2F ALD

[Step 5] [Step 2]2| ZHES HIEHOZE AILFF

H(faultk) 2 HIMAES Ei-ﬂ}—ﬂjl(ddz ») Ql'
LIEfLbE MAER(Z, . 4 )5 22 —Er'ﬁEHZr

[Step 6] Zt == £

MABR(L,,, 4.7t B8E HLSHER B
4%, o ArF_Oﬂ CHSHO] Eq. (9)2+ 20| HiITAIS
HoHRI|7| SEAIZK T HA MVDC BT A

S5

_,_

| 7| d]ZA,p’ d

mude, q)

rr

A% Tl

°
%
ofo

BSUZI|7| SHARK T2l Kt 730

240l Z|=4tat 1|

=
=
289 MyNS Bt

nk _ gm,k__ gm.k
=11, 9)

[Step 7] [Step 5101 OffH &AL (fault k)OI
= HIAZDL 7|EGE UESIA| e ER, o
g AIL}E|2(Case N)= ET X 280
Ao =2 WISt

[Step 8] LHE FE AlLIZ|2(Case N)OI| CHSHAM =
[Step 4]~[Step 6]01| 25l ESHE 2& HYHS
HIKSo], FZRAIZEXPIE 71 2 AlL2I2E MVDC
HiT AHO|ME BoHZT|7|9] 2 YHYAMCR

LSl

mEkM, &7[2] ZXE SRPAER LIEHHH
Fig. 22t Z0| L{EtE == QUCH

START

Input operation data and specification of protection devices in distribution
system (D/L GIS, R/C, MCA, minimum operation current, etc,)

Input operation data and specification ufproremon dev ices for MVDC station
(rated capacity of MVDC station, inter: location, etc.)
I3

| Assume setting scenarios for protection devices in MVDC station(Case N) |

N=1

| Assume contingency faults in distribution system with MVDC station(fault k) |
¥
NNAL el

Analyze fault currents(l 14, , ) of protection devicesin
distribution system(dg, ) and MVDC station(dppac, o)
L

otert | ‘

P (protection device in distribution system) =1,
q (protection device in MVDC station) =1

NO T p = minimum current of gy , &
2

_q = minimum curvent of dpeqc, g ?

‘ Calculate coordination time intervals between

el | ool
protection devices for fault k (Tpk =Tj* ~T%%) “ [oa1 |

No
T3k = referencevaule ?

[ Evaluates operation adequacy of protection coordination for Fault |
K

YES

‘ Evaluates operation adequacy of protection coordination for Case |
g

VES
| Determines maxinrum time interval scenario as optimal operation method ‘

END

Fig. 2. Operation algorithm of protection devices in MVDC station
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N
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voltage source

Subsation .. =
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NGR2 NGRL
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0809293
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= 6885
— | NGRI e ol B
{ = T NGRS I =
— [ i
| 15915 [mH] 1 | cess i
(IR i o : i £
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monitoring devices
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Fig. 3. Modeling of distribution substation

42 MVDC HiT AHO[M ZEE

AC 3ERQI MERERZE FdE Half-bridge
SM(sub-module) 7|2t MMC(modular multi-level
convertenS 2 ZISIH Fig. 42F 20| LIEFE = @
CH8). 017|A, Fig. 4(a)= MMCO| AC 3|25 ZEE
2 LIEHH Z40|04, MMC% HA71(@), AC BH(©@)
Kebo| 3 253 2(®), AC 2|UH (@) 2 T+HEICE
EESH Fig. 4(b)E MVDC 2AHO|M LS MMCel ME
DEHE LIEIH Z{eZ HOASE Hof AC
229kVE DC +35kVZ Hzhsil, 2t Atz Abchat
SIEHEO| MERE0 AAS Arm 2[UHE MEZ

2| 29Fez QIgt NANE LHE St ECh

P=30 @

Q = -0.03509 Shase
V=2285 Vil W2

#1{ }#2

%

,’M—giﬂ
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=
|
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3 Fofa

(a) Section of AC circuit

sub-module
arm reactor = TV:«, S ¥ .;@_m
H ; atl [ Sumve_top
%o NS N
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&,7, { HMax Ve_top

Cm

arm reactor
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Hax
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Fig. 4. Modeling of MVDC station

43 A AE 22
A719] +35kvE MVDC HIEA S| P+ EE B

o2 HIMEBHMAA(@D), AC 22.9kV HITAMZ(@), #

HE| AH|0|M(@®), +35kvE MVDC HiFEME(@) 1
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MVDC HEA &S LIELHTH Fig. 52 ZCt

@ 35KV MVDC feeder () converter station
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Fig. 5. Entire modeling of MVDC demonstration system
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+35kV MVDC AZ BiXEol 23 Z7|7| 2
E48 HItt7| Qs 30MwWe| MVDC AH|0|M '34
15MW2| D/L 2|82, D/L GIS & MMC CBOfl LSt

AEEAL Table 13} 2T E3, AR i m7IO

o o1

0x
mjo
Ot

7t
XA
D/L GIS #1, #2)2F MVDC Hi™ AHO|ME &
Z=7|7|(CB #1, #2)2| OCR X OCGRY| Chst HH
APESHH Table 21F ZC}

s dm

02

7] 9leto, 47|o] Algaold =2
Ao ff, BHS BHA0| HEHE
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0z
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O -

—~

> ot MK oo

mu et N

Table 2. Setting values for protection devices with operation scenarios

OCR OCGR
. CT | time |instant- time |instant-
pee ratio |delay|aneous| lever |delay |aneous| lever
tap tap tap tap
D/L
GIS 600/5 | 4.7 | 46 3.7 0.9 | 308 4.5
Case 1]1,200/5] 4.7 | 23 23 09 | 154 | 44
F: 0.24 F: 0.24
Case I1{1,000/5| 10.6 | 15.1 D: 0.6 1.2 “ b oge

2= Fig. 60 20| &F HITYOIM At A] 7P 2
Ide2 & = U= Pole to pole(P-P) EHatat MVDC
Hi AEO[M LHE Arm THef U LHE BAT| 2X15
34 BhEb ALDE MO 4710 KAl CHE A
1 ZA tisiMe B2ERT|7|7F SEISH7| 28t
HASE Q7K E H2I5H] 7] jEo & =20
Me 024SHA| =Lt

Table 1. Simulation conditions

Case II11,200/5| 4.7 | 27.8 14 0.9 9.5 1.7

items contents
. modular multi-level
Py converter
rated capacity 30[MW]
MVDC rated AC input 22.9[kV], 756[A]
. current and
station DC output +35[kV], 429[A]
votage
number of multi-levels 28-level
rotection devices MMC CB #l,

. MMC CB #2
rated capacity 45/60[MVA]
voltage ratio 154/22 9[kV]

. winding connection Y-A-Yg
distribution| capacity of 15IMW]
substaton | gstribution line
rotection devi D/L GIS #1,
protection devices D/L GIS #2
MYVDC station
P-P short circuit MMy | Arm short circuit — : overheadline
“51;.#_2_ eees : underground line
DC +35kV I prokeoon fovers

H
distribution MMC#1 E
O B g &
—I_. =« DL #2 a distribution

substation

H
]
PV systems H
y ] g
]
]
=

22.9kV bus

Fig. 6. Fault conditions in MVDC demonstration system
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Table 3. Fault current characteristics with fault scenarios

measurement fault
fault type point voltage[kV] current[kA]

le 1 D/L #1 6.99 2.05
pole fo pole D/L #2 7.00 1.54
short circuit in|  MMC #1 6.68 1.91
MVDC line MMC #2 5.41 1.54
(A) MVDC line +0.69 +14.92

PV _system 6.96 0.44

3-phase short D/L #1 4.56 3.12
circuit in D/L #2 4.53 1.89
converter station MMC #1 4.09 2.95
°t ) T MMC #2 2.61 1.88
rans};’rmer MVDC line | +34.38 +0.27
(B) PV system 448 0.46
Arm short D/L #1 8.26 1.68
circuit in D/L #2 8.17 1.32
VDG saion| INC 11T 1
valves MVDC line [+1.04/-35.21 +0.53
(@) PV _system 8.16 0.43

r
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2 =20Me &7|e 4
ZANE HEOR 9| oA
Off-DASE O[&3t0d, sliE AtTol| CHoE RS HZET|
7| BEEES ISt Case | 'H AlLtz| 0] of
5t0f, MVDC HITMZZ0|A p-p A7t LSt
42, g™ A= MVDC HIT AHOIME &
SYPXI|7| SEEES LEHHH Fig. 71} Fig. 81t
ZCh O7|M, Fig. 7(a)2t Fig. 7(b)= 22 D/L #11t
D/L #22| X}EH7|(CB) S2E40|0, Fig. 8(a)2t Fig.
8(b)= MMC #13} MMC #22| X}EH7|(CB) SEHEXM
2 LtEHH Z40|CE Fig. 70AMQt 20|, D/L #1 ALt
OlM&= 2.07[kAIQ] AFATFT 250, 100.3 AtO|
29| SZA|ZI0| AFEE|D, DL #2 KEH7[OM =
1.54[kAI12| AP RO o|5H0, 1689 AIO|22| &
AlZHo] AFEEIS & 4= QUCE $HH, Fig. 80IAQH 20|,
MMC #1 X0 E 1.92[kA]S] At R0 2fst
0 3159 AtO|Z2Q| SEAIZHO| APEE|D, MMC #2
KEH7|0 M= 1.54[kA1Q] AFE RO 2I5t0] 670.6
ALO|2Q| SEIA|ZI0| APHES & = QULE kA,
Case 12| HE AlLt2[0)M = MVDC HIT M 20 A
P-P AtDL A, HYHERHAMAZ D/L AHEHZ7F MVDC
HiE AHOIME E2YZRT(7| HLOt WEH S}

of YHTZI0| HCY THsH0| Y2 ¥ 4 Uck

o Ao IO) 3.7 AU THIOV) 137

o 700.3 Cycle H ‘I \ 168.9 Cycle
3 b |
|

[0 T, e ]

(a) D/L GIS #1

(b) DIL GIS #2

Fig. 7. Operation characteristics of protection devices in
distribution substation

5 315.9 Cycle 670.6 Cycle
s o, e ) L. S
(a) MMC CB #1 (b) MMC CB #2

Fig. 8. Operation characteristics of protection devices in
MVDC station
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Table 4. Operation characteristics of protection devices
with operation scenarios

operation timeof

Htoms protection devices (cycles)
D/L D/L MMC MMC
GIS #1 [GIS #2| CB #1 CB #2
A type 100.3 168.9 3159 670.6
Case 1| B type 56.7 116.1 115.1 329.7
C type 143.0 228.2 532.7 1626.4
F: 243 | F: 314
A type 100.3 168.9 D: 291 | D: 378
F: 15.1 | F: 24.7
Case II| B type 56.7 116.1 D: 180 | D 296
F: 293 | F: 38.1
C type 143.0 228.2 D: 352 | D: 461
A type 100.3 168.9 192.3 384.3
Case Il B type 56.7 116.1 70.0 200.7
C type 143.0 228. 324.2 989.9
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