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DC line fault identification scheme for a medium-voltage DC power system based on
the second derivative of line current
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Abstract: The rapid and effective identification of DC line faults is one of the key requirements for the development of a
Medium-Voltage DC (MVDC) distribution system based on the Voltage Source Converter (VSC). The DC line fault
current is characterized by rapidly increasing speed, and the overload capacity of the power electronic device in the
system is low. Therefore, based on an MVDC distribution system with DC line current-limiting reactors, the DC line fault
mechanism of the system is analyzed. On this basis, a fast identification method for DC line faults in an MVDC
distribution system based on the second derivative of the line current is proposed. This scheme can quickly identify the
fault side, the fault type and the fault line polarity. Finally, the effectiveness of the proposed fault detection scheme is
verified by Matlab, and compared with the fault detection scheme based on the first derivative of line current. The
simulation results indicate that the proposed method can still realize the rapid and accurate detection of DC line faults
when the fault resistance, fault distance and load change. Moreover, compared with the DC line fault detection scheme
based on first-order derivative of line current, the proposed scheme has better selectivity.

This work is supported by National Key Research and Development Program of China (No. 2018YFB0904700) and
Science and Technology Project of State Grid Corporation of China (No. SGJS0000YJJS1801250).
Key words: medium-voltage DC distribution system; derivative of the line current; DC line fault; fault detection

0 3= R HA P RS D2 R e RS E
= PESFOLAT, FE RGN, BT ) R

BT BRI IK S R H PWMY B A AR BRI, H5 TR b i &

FE IR 2% 1Y (Voltage Source Converter) 2P ELU 4 g1, it i e A AR - b R ] 2 S KR ]
ARl RO, IR AR A BRVE
BEYIH: BEESHLI R E %8 (2018YFB0904700) ; AR R | MR RS SN2 S N A =i S R S S E i
Fod, W 28] AHER B K85 (S6JS0000YIJS1801250) We HL R 45 DL RS AR o R 5 A 2 AN AU O™, 2o




S0 ® & AEY 5

P B R 4 (Voltage Source Converter Multi-terminal
DC system, VSC-MTDC) &4 1 3 M58 3 A~ LAy
i S HOERE FLIRM S A U LR R S8, St 17— Fb
ST AR IR 25 11 7 5, RAARES S 2 i
TRAErR DL R 2 52 )52 W, BRES 2N AT RGN 5
FE AR T LR ek R R e B R 2 — 1,

th s LU L ZR G PR WA DR 4 2 LR (1) G
FORZ —, TR s AL HG M 2 i 1) n] SR
SRR R s 2 A E g % D B R AIR
RAEBERMEZ JG, B it LA R
ML T, AR S 10 ms PYIA BIEUE AL
10 f5 . 5ZRAGALL, HRBRAFAE AR
TRty DRI AL SR 0 A8 U T i 25 AR 1) e s R
WA B IS B g, s P A W B A R G ik
FWIER AT Ak, R A R G
PR R PR A DU RO 2 T v

HAT, B A2 6] B 2 s b (1 e A N
ol 5 E RETT T — € WUIT 9T A o STHR[18TH T “ 42
FIRE” b B S A T e AR B, e
BOEAE B LT R Em S B AT IR, (HR
TR rp R R A AR A L ), e RS
AISEGE R . SCER[ 19T LU b Fi 2 s 194 i 11 [ 7
A0 A 22 S T L A PR B B B A LR, T
SEPEICR T A PR 5, T RGP
ILRAAR, IXFITIER 5 2 B A 52, BT
Hh AR IX T e i 5 N 0 4 W AR . SCHR[20]
& HH Tl A P A R AT 2 ) PR 22 Bl R
PR, %07 WSR2 S o A AR R, A7
TEIRAR RER o SCHR[2 1145 /N AR 4 3 FH 14T I 22 3))
PRAF, SR /N AR B BRI T IR 1) /N I AR B A KA
P RZES AP A, SRR R T, 2 BT
TEPR I EE,  H b 52 v T A A R A R . ST
[22]F F B 97 FRLATT 28 1 H s AR A 23 A Ay g s iUl 1)
i, AR PO, (HBEE TR T

CB;,  Ra/2Lg/2

AT IR LI A PR e PR A JE M P i s B 8 oK
BEAR M LR AR A, il LA BT 5 2 F AR A A
FURL, BET BRIV rL A H AR R IR i AN IE H
T2 F A LA b PR A ) ELR R

1T B s b B AT R R TR, S
Wi RS R O T A LR ELR R, B
X DR o T (D) B A R, TG A
LU P g £ N PR HEL 6 PR Yo on e i L
Th3d R B I HEAT BRI, RS U N iR
¢ R LB R TP s LG R G A, AR e
T RGUREAN R H e e 2 i s
PEEE TR AL i S B A I 5, A
P IE AR 2 s L O — i S B0 P 22 RS B T et
I [t R L R E A RGR o il i Matlab
BAF R RGBT 075, (7 A RR W5
VR RE MG AT RS I T e i e 10 5 2, RO e
Do i R S R IR A B e i bR LA s L L
FC I P S A B B R AR I AT AR A K

1 REERE B RGN R EBEEFEST T

[ SR e ENA R/ Ric Y W e 5 O I P2 VAR E I
NLIKBI R GE S WHELIF R AR e S 4, A LE T
2 HP USSR A A SR o e LA
FRAAE AR R B R 20, B 2 B
B s A RCR L BB ARG R, L3 2k
sie D) EHUERURS 2) i PR MR SR I B
AP PP IRAR ) 10 15 2047, FLsh AR ma iy 2k im
Dt 3) RO RO B R A AR T I O M A A
KRBT RS ITARA IR, XA AL
2 WP A (MMOC) 75 5 B s, it e
HURARAT BRI T £ 150 V)R B gk ik, 3L
Wi 73| B AN A2T280 oA S DA I P 2 1
=i VSC-MVDC H4J J8 ¥+ s FLIAUAC HL 28 48 o A
BATHESE, A S alEl 1 s,

Ry2Ly/2  CBs

+ La/4 La/4
Uq L L2,
W_| Uger I

=2,

[ - |

Ley/4 Ley/4 +

\
2037 L Uss
v a0
|

1. =
2(5

VSC1 Ra/2 La/2
CB, Ra/2 Lyp/2

R3/2 L2 VSC3

[ Leo/4 Lo/
Ve L T26
- # vee I
120,
VSC 2 Rao/2 Lo/2

peoT
peoT

E1 PEEREBEARGKSEEE
Fig. 1 Structure of medium-voltage DC power distribution system
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