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2 % I, 7|& AC jFAXRY] A2EFE SHAIZ]7] Yote] MVDC B Aol oigh AF A7) EitstA Y=
At 2=, g 4 ARl MVDC i Ago]Aof thet 41411 28 7]&o] utAE o] QlA] gkol, B57]7]
AR So] 2oduleto] @ E|w 9t} E3], MVDC HjA AE|olH A A HiAAESE BE7]7]9ke] & 15HA
G 8ot G, A Al A 7o) miFElo] SR B 1o A 4FFE & 7HsAdol Atk whEkA,
E =8o4E £35kV MVDC A% vidg dAdC2 AEE B57]7]|eke] 483t B Ex +38S sk, MVDC

ol A8 BEPx7]7]0] tfeh ARd H AU ed 89T eES AUt B, WA A8ss 2=
1391 PSCAD/EMTDCE ©o]-g3to], wjd&H A4, MVDC AHolH §o= FAE +35kV MVDC A% wjH 7o)
2P FPh AU RePxr])7] S8AI S Rt AHANE B OR MVDC AF HiAde] HEgx
854S WKt 23, 2EA P4 A4S ol8ste] MVDC Hid AF0ldE BIHRVVE 28ohd, Ha
38.7cycles o9 AL FRE0] HEHZ 7]EA|Q] 17 cyclese WESIEE, & =R At Hagx
71719 28FaEFo] MVDC AT idge] Hegxo] f-89he &Istglrt.

Abstract Recently, demonstration projects on an MVDC distribution network have been actively carried
out to increase the capacity of an existing AC distribution system. However, since there are no specific
protection guidelines for an MVDC station, which is a key facility for power conversion, operation
methods of protection devices are required. In particular, if an MVDC station is operated without
considering the coordination of protection devices in a distribution substation, customers in the same
distribution line may be adversely affected by a fault section expanding when a fault occurs. Therefore,
this paper proposes an operation algorithm for protection coordination of protection devices in an
MVDC station by taking into account fault types and scenarios in order to properly operate protection
devices in a £35-kV MVDC distribution system. We also modeled a £35-kV MVDC demonstration system
by using PSCAD/EMTDC S/W. It was composed of a distribution substation, MVDC station, and
protection devices. The evaluation results of operation characteristics for protection devices based on
the proposed algorithm and various fault scenarios confirmed that the proposed algorithm is a useful
method to operate protection devices in an MVDC station because 38.7 cycles of the coordination time
interval is satisfied by securing 17 cycles as technical guide.

Keywords : +35kV MVDC Distribution System, Contingency Fault Analysis, PSCAD/EMTDC, Operation
Algorithm, Protection Devices, Off-DAS, Protection Coordination
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Fig. 1. Configuration of +35kV MVDC demonstration
system
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Instantaneous tap = I} KX CT ratio

@

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

Iop

protection device, [,y : maximum current
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Where, Lg :

secondary side of station transformer, X': constant

3-phase short circuit current in

value of time delay tap in station transformer

(short circuit: 1.5, single line to ground: 0.3)
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START

Input operation data and specification of protection devices in distribution
system (D/L GIS, R/C, MCA. minimum operation current, etc.)
1

Input operation data and specification of protection devices for MVDC station
(rated capacity of MVDC station, inter ion location, etc.)

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

N=1

‘ Assume contingency faults In distribution systemwith MVDC station(fault k) ‘
¥

Analyze fault currents(i , .15 ) of protection devices in
distribution system(d, ,) and MVDC station(dpuac, o)
1

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

Calculate coordination time intervals between
protection devices for fault k (Ths =T5* ~T5%)

|Gt ot |

‘ Evaluates operation adequacy of protection coordination for Fault ‘

VES
[ Evaluates operation adequacy of protection coordination for Case |

X0 ﬁ—
YES
‘ Determines maximum time interval scenario as optimal operation method ‘

END

Fig. 2. Operation algorithm of protection devices in

MVDC station
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Fig. 3. Modeling of distribution substation
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Fig. 4. Modeling of MVDC station

4.3 TH| AS 2

A719] +35kVE MVDC 4% sfjdwo] 1248 viet
o7, HIFHEHAL(D), AC 22.9kV HIHAHE(@),
MVDC 2H]o]A(®), +35kV MVDC HidAZ(@) 1
21 HPFFHAG), Hs7)7] 5o 4" FA
MVDC HAdAE= Uehl¥ Fig. 59+ Zth

5. AlZd[o]d Zat X =24

5.1 AIZH0|M X7

1+35kV MVDC A% vidge] H5d=x7]7] 85
AL W7 93t 30MWe] MVDC AHolAd 9
15MW<e] D/L 348, D/L GIS ¥ MMC CBofl ot
AR Table 13} 2t} TS AR 44 27102
£ Fig. 63t Zo] A5 sidgolA] AL Al 718 2 F7F
S & 4 9= Pole to pole(P-P) @2t} MVDC 8iA



fill‘

WeH7|&etsl =2 A AM244 A5E, 2023

ZElold R Arm T 9 U Y] 242 34
o A R A1OIA AN TR A 2
el BEERsAL B SR HAEA o
g ABIHA) 9] W] B rolA TeekA] o
ot

Table 1. Simulation conditions

Table 2. Setting values for protection devices with
operation scenarios

OCR OCGR

items CT time |instant- time |instant-
ratio | delay | aneous| lever | delay [aneous| lever

tap tap tap tap

D/L GIS| 600/5 | 4.7 46 3.7 0.9 30.8 4.5
Case [ [1,200/5| 4.7 23 2.3 0.9 15.4

F: 0.24

items E— Case 11|1,000/5| 10.6 | 15.1 I};:I (())2246 1.2 - D: 0.26
- modular multi-level Case 1I1|1,200/5| 4.7 | 27.8 1.4 0.9 9.5 1.7
converter
rated capacity 30[MW]
MVDC  lrated current] AC input | 22.9[kV1, 756(A] 5.3 PSCAD/EMTDCO| 23t AlIHT E4
station | and votage | DC output £35[kV], 429(A] MVDC Al ujAufe] AFYALT o2 AL ulglo &
number of multi-levels 28-level PSCAD/EMTDCO] 9J3t AFEAS LERi™ Table 3
protection devices | \y\ic ¢ 3 ek WA, MVDC HAARSo P-P AHart w4
rated capacity 45/60[MVA] g AL HALHAL} MVDC AH0|A9 AHYo]
voltage ratio 154/22.9kV] 40.9% ~ 53.0% 7HA] & Z0 & 7FAsko], =Yg €
distribution winding connection Y-A-Yg A Eﬂ 4—8‘7]'01]74] 7\1 ;ﬂ?:]'ﬂ Q_!.og—a—(};% Er] ;—g _/]\_ 21 N3
substation |capacity olfm:listribution 15(MW] o} 2= 9Jr}. ofuj. Abi7} ¥HYEl MVDC HjAAlZo] A
S DD//LL GIS #1 A2 Q%W}Xl rashH, *}izﬂ% 849 oF 35311 Xé
=91 A £14.92[kA)7F BAYSto], ARLARE AlRtst
L R EL 3B9 BY8%S /S Bl
VIVDC station Baghe & 4 k. g, MVDC AHO1A o] 4]
Pt an el | g el wsie A, W gNALSe) B
N el B s | AST0] Hh 65.6%714] 2A3te, MVDC AEjo] L

distribution MMC#1

line B.’“_L

« D/L #2 distribution
: substation
PV systems :
: 229KV bus
i csall Wesn
H

Fig. 6. Fault conditions in MVDC demonstration
system
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(CB #1, #2)9] OCR ¥ OCGRO] 3t AAHAZ A3}
H Table 23} Zt}

|} 80.2%2] AF7Fstet A2 oF 4ufiQl 2.95[kAl9]

AT BT o UEe & & Aok E”E MVDC

Table 3. Fault current characteristics with fault scenarios

fault type meaglcl)riixtnent voltagelkV] curlenﬂtt[kA]
D/L #1 6.99 2.05
pole to 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
oy MVDC line +0.69 +14.92
PV system 6.96 0.44
D/L #1 4.56 3.12
3-phase short D/L #2 453 1.89
Con\felzl;i:rnsil;ticn MMC #1 409 2.95
- MMC #2 2.61 1.88
transformer
® MVDC line +34.38 £0.27
PV system 4.48 0.46
D/L #1 8.26 1.68
Arm short circuit D/L #2 8.17 1.32
in MVDC station MMC #1 7.90 1.63
valves MMC #2 6.84 1.31
© MVDC line | +1.04/-35.21 +0.53
PV system 8.16 0.43
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Fig. 7. Operation characteristics of protection
devices in distribution substation
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o] 2~
AT FPHOE UZ TS L8 > USS % 5 Ik

O
HI

Table 4. Operation characteristics of protection
devices with operation scenarios

operation time of
protection devices (cycles)

D/L D/L MMC MMC
GIS #1 GIS #2 CB #1 CB #2
A type 100.3 168.9 315.9 670.6
Case I | B type 56.7 116.1 115.1 329.7
C type 143.0 228.2 532.7 1626.4

items

F: 24.3 F: 31.4

A type 100.3 168.9 D 291 D: 37.8

F 151 F: 24.7

Case II| B type 56.7 116.1 D 18.0 D: 29.6
F: 29.3 F: 38.1

C type 143.0 228.2 D: 352 D: 46.1

A type 100.3 168.9 192.3 384.3

Case | B type 56.7 116.1 70.0 200.7
C type 143.0 228. 324.2 989.9

215



ks e

pil

S]=8A] A24d A5Z, 2023

6. 42

£ =FollAE £35kV MVDC A3 i8S vigo
E Hog2 282 Hrlelr] fiste], MVDC i A
old-g H3Fx7]7]9] g Al o] tEh 8%
&2 AAEIHCE E3E MVDC A% widge] mdd
W oSt AL 22 BigeR v gHdaet
MVDC i 2Ho]d 7t Hedx 280l tigt 54
FA5H3dct. ool gk AT A aokebd
I 2t

=

lo ﬂlIO

ol

=y}
T

d

1) HALAR7 H 2] 2 73(Case
D), WiHgHALS HEHZ7]7|9F MVDC 2|
old& HSH27|7|(D/L GIS #1 — MMC CB
#1, D/L GIS #2 - MMC CB #2) 7+ @2A7Ek
£ 243 23, D/L GIS7} MVDC £E|o]4d8
Ei’?ﬁxﬂ 7] Bt} WA SAGIEE B9 BS
Ax7t & ERlIstoirh

224 A AE 31%

AL 2200 st 38

PAe Hgote

@ A(Case 1), &=

ycles o9 ¥

4z 280 49U Belan

(3) RAAR7] B AL HBoE B2 (Case TN,
Case 19] 399 SUH HgUELES BE

N

-

_9_01-
=

71717} WA F&eto] 29 HEgxt
4 Ui

(4) WEbA, 2EF2A AYA(Case 1) 2835}
MVDC Hid AgloldS 2-835HH, S8 Fx
AZEK17cycle ©W, OCR/OCGR-OCR/OCGR)
7F gEEo] Py Ho g AF MiHYS 83 5
W & & A

it
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