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BeS7 2 (2) FIa (3) T A v, (1) BE— 2 sy
KD .

L
Ud(-l(t)zvm(l)_T(Um (t)_RZlidcl(t)) (4)
21

F T S e R 2 T G g L PR X
(4) 73 2Ry 2 R R ms /N T 52 brfi . #F U (4)F0A S
(1) ] DU 245 3] QF, S QF, 1Y 1E J7 1] A A A 1) 4
BRI rgy O FRIB SN -
Vgt (1) _ d,L, + Rzchun L4 (1)
ve (1) Ly, Ly, e (1)

ARG 2 (5) TR, RIS gy, PR RSO0 2 IR T
a1 A L R M B U . BRI A O
U 1M TR R RO Vi, AU RN 1, A0 1 R
B 0T B HL A s R B P U Y s = AT D )
SR R (6) (7))

(5)

Tromy (1) =

Wy _, Ly et -
vm(t)ZVmaTe Cos(wdt—ﬁ)—wc e sin(w,t) (6)
d ab
Ve I, o
Lyt (0)= “ e sin (wyt)+ “ Oe_“‘cos(a)dt+9)(7)
w,Ly, W,
RZl
a:
2Ly,
1
w,=

T.C, (3)
w,=\/wi-o’

0= arctan (o/w,)

FH Tl e J D 20 2 B ) R B HL WA S R T B T
UL, R S 1 fRT A S i AT LA 220 0% r 2 v T M
6 L AR 2 U AR AR DG . B ik ekt
FRAZ(S) ] IR E 1y, I EAARFRIE KN

d,L, R, L 1
Trowi (1) = Ll "+ ziz -
X1 X1

A2 () AT U H gy, B ZRIB 2 500 K%
AR I R R, A5 5A IER 1 I0A 5 R R B AR G
HARZ/NT 1B, FLlS e a5 BT, 4
T A JSCAEL R/ )N T 55 2 30T g 5 N ) A 56 14 o 3 ik
2, FEBRE KB S MR TR, BT cot(o,0) B4 T
ToT5 K ZIRAE A T 0, SR8 I Bl A kBt i) e 2 A

(9)

w, cot (w,t)+a

FER o ABASTE RS | I AR I 14 A8 fl 1 e 52 315 9%
FRL B A9 52 0 5 9 L BEL B 39 OB DR Y L T

4 BT ORI rg, TTHHAE L L3
1 (5 EAETRE AR oy, » 1T LA H 20 (O) A BT
S E RE NG 1E i S BB R A IR o BB
HRAER(S) L T 20 70000 Fi 225 A 10 e 6 ol U
22 0ed P BHL IR S B0 L R R, S ECROTV (9 B
THAE SR T 05 BLAE, A7 Be o o WHERIA
ANy EL A5 R T LUA - O 047 1 1E 5 1] 19 B
2L 6 A A A ] S B BRI, DR 1A A B g, HF
M1 B S 6] k%, O B e e e 14 4 e i ¥ L
Tt s @rygre, BT B9 BARBAE AL 5 i R B A 5K 1 5
T PERLBHIC I, T oy W 1) B 76 S ) P 4 i
2 P BEL A 38 DR bR 5 () 245 3o 8 P B /N o
A W ] B v (LR AT, 17 24 3 O Pl BRI
B LABCIR AR B T o A AR B A DX P e,
12 AR rore, VR AIERE T P KL

12 12
£ 06 £ 06
g 2
0 oLV
0.9998  1.0004 1.0010 0.9998  1.0004  1.0010
t/s t/s

(a) d=0,R=1Q

(b) d=0,R=10Q

0 0
0.9998 1.0004  1.0010 0.9998 1.0004  1.0010
t/s t/s
(¢) d=10km,R =10 (d) d,=10km,R.=10 Q
— PRH, ---- T

B4 #FEEEES 5 i F XY ryomn, HIRENE
Fig.4 Influences of fault distance and transition

resistance on 7oy,

2.3 EARAKEXIMNGERBER ROTV 4514

LR 1A IE 5 1] X A0 K A b TR) Jeet S 5 s st
B s 52 T PR I FLPL A CLR, A 488 30 o M s, 4535
) A B DX 24 G 6] 5 7

B On )
O— 1YY Y\
+ Lopi/2+ Ry, Ly I
Ry
(O Vei (f) Vel (t)
-l

_ L(‘LRI/2 _
o an/2_
QF, |

B5 RiF1IETFTIE X IR A A% 6 25 BE PR A Y
ERH IS P 4
Fig.5 Equivalent fault network of forward external

pole-to-pole short circuit fault of Protection 1



%7

RN 2 LT AR L TR L 14 A P O e ®

PR rpony, I B
o (1) = dyyvLo+ Lergo . Ry Lo 1 (10)
Ly, Ly, w,col(wl)+a
Ry, =R, +dR,
Ly, =L +dyyLo+ Leigs
REI
2Ly, (11)
1

NI
w,=\/w;-ao’

AT LA R 4 6 I R s 47 7 PR U P L2
CLR,, X & A s, BRI F BT A% B A TR gy, B9
RO R R LA R T AL, S T ARIE R
MR A e B, T LLE 3 B T AR (A A LT
PRy LA
24 RABKEXIMNGIERBFERB ROTV 4514

B O BT 2R B B I A e R B
e 1M I R A R R e 1) A5 AR o 8% T €]
6 FIT 7 o MR 5 R DX 4% T 2600, G SR 28 R 1 R J B
PR i 3 2 — D o TR C 3Rt . i TR
GHEND 225 W Iy Tn) R REER 3 1) 2R, W R A R
et B P IR I A AR
di,, (1)

A=

w,=

<0 (12)
de
M M QF, QF; Leiro/2 N
o—r A
tLom/2+ Ro, Lo [
= R}\

Ci— ver (1) v (8) TG

Lar/2 Leigo/2 |
ol AN o

QF, QF, I

Bl 6 [R7718 % SR 8 55 B i R A S S B ) 2%
Fig.6 Equivalent fault network in reverse-side
pole-to-pole short circuit fault

[F P AR A0 PR O 2R, IS T 1) e A A 1) e B e o
THOL T rong FIFRIEAN «

diy, (1)
Ve (t) ~ Lerri d . Lein di,, (t)

o (=T T
(13)

ZEA A (12)  (3) A AL, S48 1R 7 1) K A
R [ 65t 6 B, P4 1 AR AR 7y > 1o
2.5 HimuhsMU & A EBERT ROTV $51%

45 i s AN e A At 28 Y 1) X AR A $6
Tt A B AL R s P DL R S A R AL B
S A T P A R VRN BTN R S0, 2% vh &
A XA R s 5 | A ) 0 L % 0 5 BIR O E T R

I8 ) 980 L UL e 5 RS TR PR I, IR o L O e % e B v
TR PR, 6 ik A A A A SIS AR A DX A
BT v, (0) 5 0, () BB BNAR /I, AN O 4 22 2 bl
R 1oy FE 1B 2 A S B2 35/ IR 3
26 EMEEERLTHROTVHFERLE
HRAE F 3R 538, 45 DX B 2k 2 PN A i T
S B R A2 2 (14) 6
Trorvi (1) <1 (14)
LU R B B2 ) R A W ) B R S R A
LRI HL ] ROTV i 2 X (15) ¢
From (1)>1 (15)
BRI, AT rgn 51 AR /N 56 22 40 W Bl s
] o D380, 7 1E J7 1) & A i B SO B, ROTV il e 1%
(1] Py K 5 155 PR 474 2B Ak 380 I o5 P B 8 A L
T 5 DR AP 2 2B A P B B RS, o RS, T AR
R RO A

3 ETROTVHEREBLBHAERIPASR

3.1 BEMBSERPAFR

BRGNS o B B A R 422
RPN AS A% PR I FEL BT AR A 3] ROTV REAZ X 43k
RAAEAMERAFT 0 1E T7 18138 S S5 10 2 2 oy, < 1S
SR oAy TE T3 81 ECRRE 24 ron, > 1 I BT O ST 1] i
B () AL, Sk L T AR LR 4 1E 5 )
PRAP AL INFG: 1y, TE RS A B 3k 1) 3K % (B
SRR R A G, HL R R i O AP 2 e i O Ik
(] B 7% (R

FRYE L aRFEE AT DA o 1% e 1R S 9
PR E A A ) A ST (Single Terminal) PR3, DAk
i) 0 % A B A 48], Y R 1 ) AN R 47 4 % R i
AR AR B 1 A o, LS EAS I O 40
AT 1oy, PO R 0] V(LAY -

dL,

B —— 1
T'roTvi Lo +dL, (16)

H T rpory, B9 SEBRAEL 23 B8 KT HS TR, A —
TE A BE B B A e E Y T BE R BCKS B
0.95. I, P9 1 B PR P48 e fH R H

. . dL
K =K 2 (17)
L(]LRI + dLO
[ FL AT A5, {4 2 0 B (3 5 (35
. . dL
K, =K - (18)
L(ILRZ + dL()

A LR INAT B oy, /N T4 SE AR, DU BB
DR DX NS ik A L T BT s DR Sl A L AR
BB 1) B B gy, BT (RLOR T 1, G4 0]
FEANBIAE 5 [F) I Pl T 00 0T 0 174 2 8 30 A ()
TN T BRI LT L 0 K A B 5 1] S A £



Log L/ AR {7 G-

%4045

FRE DTG s Ao A R T BN R AP 1 3 2 L, PR AR
MRS A2 BE . ORAF SV EFIAE R -
Fromi <K' i=1,2 (19)

B L SRR R AT DI AT B 1oy VE R DR
FRIESE . DX R AR RNEC R B TS DL T | oy, 15 A2 H1
P oA AR REIER SN AE . T R s 5L T
A B 0 0, PR e R IE DR AP Yy DRt . (B R
ALRE R B ME 5 T, P DA B i 2 2 T Y (B
SRR AR BV RS, AR UECRAP I AT S
32 MMARFXRIPAR

FRAJE b33 mT R BB s 1180 5200 (RS WS
RTHISME T B0 ORAP R 2 B8 A i 2 2 42 8 1
il I P 3 5 I 1) X 87 ) e BB (LA M B B (B
WA, DALt > 4 B R v & A e L3 98 P LA R
AN PR AR PR kg T 8 38 8 s {E T Jo R AR A s A
T AR AOROR A B Y R A8 BT R ARk i, W LA
I T XM DT (Double Terminal ) B, & 1 AU 72347
KARAPHE R G O . BUI R AP  BE E (E R

dLy + Lei,
Loy +dLy + Leggy
dLy + Ly,
Loy +dLy + Ly,

BN SO oAl i D i € s N i i ) | W S 1 WE RV
Pifw B FURRELAF 2 o AR S U L Y B
{H— 5 R T HL i B B2 AL, T DAY R AR
FL, PRAPER B I (RO T PRI R, X 1>
SEELAUNT 1, BIEARAIE K < KR < 1, NS fR 47
HEE(EAY R RE R ALK O 1.2 O, U £ 37 64
PRAPVE B 35 LR A I, I 2B o 210 o5 ) P07
PUgs Ao o1 T2 T XS B A5 s R0 2%
B A I SEE X DR AP Sl B 52 L T LK 79 A i e 5
S IRFEEI TR TR R A R . AR SO EOR R
5T RELRI N T 3 ms , DT 6 O 32 B B[] 9
1 RE % R A A i ) K% 3 B3 DD R A 25K

2 e A X ORI 25 A I B PR IR AR o
NG AN RS R S T 8 3 XU R A7 R S A, L
PR IPERRE PTRE ST o A BRI S 5 1) 2k A
I oy BT (ELR T 1, UM ORAP AT SEA B4

AU PR M0 32 R P R ek 2 XU £ 3 B
SEAELI , AN CRAP F5 2y, [5] Bk ) X0 470 4 8 148
BE SCVFAR 5 o A B DAy DX P ECBRE , DX ) 4t 2
Je gl IR [ AU AP e 1A SRR S 5
AR R X0 J2 7 T SR, UL O 4P AN 2208 8, ok
KSRV S o A M GRS R X 3 2
R SR VRS 5, PN Y kR e VR o 22t S 1)
Ja S UM AR AP ) Fe v S A 5, SU OR3P 4 e
1Bk ], DIRAR S

KX, =KX
(20)
KY, =KX

3.3 RIPBERRE

AR ST B L U £ R B 1 32 B A IR AN BT 7
7N DR H ERA A PR S e 1R AR A 2L R
FAI R o F AR R 22 208 b T 5 1 Wi R A 5 T DA HA
PR EVRPRRIE & rpgre AN B PR PRRAE B35 31 PR
IR B e (8 K B, BN R B2 s 1 k], DR
TR o T S A P LR B AR A AN B e R
e (R 8 BB e 7 PR 4P 8 (B K B, R
M CR AP 5 20, RV ) % O 30 & B RS 5 S e 5
JE BIAL i B 4 ARG A5 B i sh AR B[], AR B3
T PR 22 B[] b A PRV R, B R 5 428 2 3 s
24 A A A ) s S AR B & B BB S S
B, AN ) e B A 5 20 5 1T & HOBUI AR 47 1) e
VFENVEAGS, Bkl 0 DU S R4 T A sl A o

LIRS s, [BE
P15 P OM | AE
-ﬁTF‘ZjWE | Kt

e |
-

T 18]

7 BFriRRIPAREEEE
Fig.7 Logical block diagram of

; - EZL10
Yo (DR ()| 5

proposed protection scheme
4 fERIE

4.1 HEEBERSH

FTAFE|ROTV M2 1 Rk AT 45 A i
A BRI AR , b SCHE T 05X A5 A 25 R R 3 Ty e ok
7 T EE M. i T IERE T ROTV JEUH 1) B i £k
BRI 28 38 ok MR ANE B, AR SCHETF PSCAD /
EMTDC 34 5 #4562 7w R BLJ I HL X =0t R 40
B4 AR A | SR T TR BR 7 ) B 8 4 R4 b T B 11
BGiE , RGBSR i A2, S R
St 1 SR P FEL ST ) FL R R R AR S (VSCO 25 4, S PR
B G H 5 R R A AL L P ) TR . e
Tk 2.3 2R FH 3 T 0L 0] 4 A7 AR e 2 A9 LI AR e
He 4 B HR A R AR AR e AR ARG, SEIXT
B A AR FESZPR TR, MR 1k
AERBEDIBRIZ AT IS | th A sl i BBtk XU
A A RE TR, A3 X 25 ATE SR T DL 2R D) R B ik, DA
M 7 REny gt nr vt fF R ed Bk
FESTRBE A 50 kHzo AR HEF S A9 A1 FTRIG&R
G VAT L MN I K, KD
4.2 RiEHFE

P18 Ay LI 2R B MIN v i A A ) e s 1 1
WI o MR UL, o= 1 s IR AR s, s ok A I BR
LTS P (R A (B H R e A AN TR R TR . T



%7

RN 2 LT AR L TR L 14 A P O e D

HLPTA SR T A — D05 L AR P v, (2)
5 v, () FERCRER IR Tk 278, T AL TL 3 S I 2R 8K —
15 14 v, () 5 0, (o) 7E R 22 76 5 18D 7
AL 7 ) (A7 1 AR 7o = 0.231 8, LR 1 FYBRL
05 1 2 5 B4 0.356 3, {1 1 Ak B4 {5 7 7] 5 3
Y s A 37 2 MBI rgryn = 0.272 3, AR 371 2 B 2 {5
1RE (0 0.407 2, {7457 2 40 0 5% 47 ) B T 5 5
Yo P 8 I % 1124 3 ms, AT LA HH ROTV {55
TEGREE 3 ms (T IL T AT LA AR 20K, SR T 42
.

12 ¢

_________ Vic2
.—?4 -—\7—:;-4.-;-_..\.{__\_“ __________
> 6 Ve \\\_\ _____
ﬁ /vm Vel R
.E] P,
0

1.2 +
5
$ 07 1
h roTV2 FrROTVI

0.2 __'_/__"_'- ____ y— .

0.9998 1.0006 1.0014 1.0022 1.0030
t/s

B8 ZiEMNhaEEREMENHTELER

Fig.8 Simulative waveforms of pole-to-pole fault at
midpoint of Line MN

43 BiREMEE

P9 o LU ER B MU R R R A T A o e e Y
Ui E WY . W LLE B, R R ) R B 1 AL DU A Y
Trovi =0.2417, PR32 b IS Frorv, =0.284 2, IrSial
FPRAF 2 4k i) B CR AP B RE v SE S . BRI, X 1
B R B, R T SR RERS IE BT S

1.2
0.7
FrRoTV2 ROTVI
S S
0.2

(.)49998 1.0006  1.0014 1.0022  1.0030
t/s

B9 ik MNH Rk EERESRREE T E R

Fig.9 Simulative waveform of positive pole-to-ground
fault at midpoint of Line MN

4.4 BPERAERBRPEIEER

Pl 10 BB T ELIER B MN & A AN [T B 21 114
AW o) 5 5 S A ) g PRI B9 B0 0 DL RS 53¢ o
IR A2, HT AT 10 F] R, SR n B I R AP 2 A At
IS 0 DR R AR AR/ 5 [RI AR, 277 7 3 I8 L BELN
PRAPRFE(EAR G R o AERZHAE LU T, P i B
MR 371 2 REAS TE B S A 5 7 1 8 R 37 2R A S AR
i i 0 L B R O B0 T, DRAP R AR JC 1 5 51
A BN R o (L, SR R AN S A (R R T
PR AP e A (B4 R 2 210U o d/F PR 4P Y B SE (L
XU R RE A% 1E 4 Sl A . AR5 B A T, A i

FrROTVI

PR D 50 Q B B0 T BUI R4 45 9K RE A2 1E - 5
PE, RENH I b TR B I A I A e o 9 PR BHLEESK

rRoTVI (Rk= 50Q)

: ‘ . Trotvi ( Re= 1Q)
2 4 6 8 10

Ca) (R4 1AbINRH(E

Eg; 1.0 K£Ez\ Frorva (Re=50 Q)
Cosp o
é ‘ ‘ ) 7‘Ro1l'v2(Rk= {Q)
g 0
2 4 6 8 10
d,/km

(b) PRI 2400
10 AEEPEALE R B R &G TR o,

Fig.10 Measured values of 7y, under different fault

locations and transition resistances

4.5 RAEEBE

V1R ol 1 0 & A Iy T W ) e e %) 1
FETE . BT A A B A TR AR T ],
P9 1A AR R 2R T 1, IR i s
A I B e U Fe AR ek s . RS
B 57 B TR 2 15 ), {H R g 2 Ak 75
() G AP AREAEARLIZE A T B0 O %) 38 5 L, DAL e o)
P T s

R /kV

FrROTV

0.6 .
0.9998 1.0002

t/s

1.0006 1.0010

B 11 i | O &R & R 75 m 4R B SR B B
Fig.11 Simulative waveforms of reverse-side pole-to-pole
fault at export of Converter Station 1

4.6 FEMRIMRIPEEERZIN

P12 R SR R AT R AR RS, BT £k 4 MIN s %
A W TR 0 0 B E o i RTRT DL, 2SR AR ARy
10 kHz I5F, 5B B [a] G40 1A A5 19 1o, = 0.233 2,
535 2 MBI AR 1o = 0.273 8 5 4 RAEHT %4 20 kHz
AF, i B 3 (] R B 1 AR AR Y rory, = 0.232 4, £ 47 2
AL AR ror> =0.2729 0 FEIX 2 FPELL T, AR 1 AN
T4 2 Ah A B OR3P X BE T SEShAE . IR L, SR AR AT
BREARA S 5 0 T 58 31 .



@ L/ AR {7 G-

%4045

1.2 ¢
s
5 0.7 F
& /VR()Tvz FROTVI
0.2 === e ———————— |
0.9998 1.0002 1.0006 1.0010
t/s
(a) AN 10 kHz
1.2
s
'é 0.7 ¢
S FroTV2 FroTVI
I IR WA
6.9998 1.0002 1.0006 1.0010

t/s
(b) FHEAHN 20 kHz
B2 RESAEPERA & MN P &R R SRR
HERE
Fig.12 Simulative waveform of pole-to-pole fault at

mid-point of Line MN when sampling frequency reduces

4.7 BETFHIMRIPIERIER 2T
fEt=1 s BEIATE d THAE= , W B R Lk % MV
805 BLPIE M 13 Frzs o Herp, BIEUN ryg 922 R
B, B B g 2L A e TS 20 o BRI
égai:F;ﬁEZ%éEE ,{%?F' 1\25&‘{9””%5/‘] rROTViEﬂE%E
R FRE T 1B, SR 1 RN 2 &b i) S qi] £ 477 35
AeiRsh. W, & TSR L ERE.
1500

750

Frotvi

0 —

0.9998 l 1.0002

20
1.5 | ‘ ‘

1.0

1.0006 1.0010

t/s

ROV

0.5 : : - : :
0.9999 1.0000 1.0001 1.0002 1.0003 1.0004
t/s

—— FrO1V1s — == TROTV2
B 13 EETIEE&EMNEHERE
Fig.13 Simulative waveform of Line MN under
lightning disturbance

5 #it

AR SCHE T P TR LU R I A AR A A L B T
{3 RONERTIN RS 45T (A D S TAD = S B AR K2
S B 0 BR FL A ) FL PR A i e A I S AN )
R AR, R P PR T 0 3 25 PR R 2 LU RE RIS IE
B VPRSI IS B 77 1 o e A s S N ]
PS4 ROTV ALHRBR T P 37 2 b 55 3 B 7 5 )
EEANTESBOR) -2 v S NI N 7S b S B g S
AP PR BHAE T o AR bR SRR AY B R 3 5 T
LU R B ) B0 R R BB A DR R i B

TR o 24 DX PN £ % AR i 2 2 I P Ll S S )
PRAFFE BN, T U0 2 i U] v, A= OB Ao i/
KO RSB K. BaEat i H
SEBGRAE TR T S BRI AT A, 2 X R A R
IERR B, T AE A [F) 45 14 1 DX AN Befss 0 F T SN
B, T8 H HTBT B, 75 BRI HL T A% 9035 22 2% L e
A AN AR (LB S T B 1 R R A
B, T ROTV B R4 I R B 512 (38
TuH
P % I A M 2% & (http : / www.epae.cn) .

S 230k

[0 ] AR, B, 0l scfe, 45 e B e I RE e 83 (0], h
HUL T 24412, 2013,33(25) : 9-19.

SONG Qiang,ZHAO Biao,LIU Wenhua,et al. An overview of
research on smart DC distribution power network[J]. Procee-
dings of the CSEE,2013,33(25):9-19.

MG K BUEG HR AR, A5 L TR I L R T R S R e [T ]
L1 A 345 ,2016,36(6) :64-73.

SUN Pengfei, HE Chunguang, SHAO Hua,et al. Research sta-
tus and development of DC distribution network[J]. Electric
Power Automation Equipment,2016,36(6):64-73.

[3 ] 8%, BT, E 4R, 55 . ST 2 v i BT G B 9 AR L0
RIAGELI]. P E PR, 2015,35(19) : 4843-4851.
ZHAO Biao,ZHAO Yuming, WANG Yizhen,et al. Energy in-
ternet based on flexible medium-voltage DC distribution[J].
Proceedings of the CSEE,2015,35(19):4843-4851.

F3L VIR, IR, S BT L SR N A B SR [ ]
1 A Bl k45 ,2015,35(1) : 139-145.

DU Yi, JIANG Daozhuo, YIN Rui,et al. Topological structure
and control strategy of DC distribution network[J]. Electric
Power Automation Equipment,2015,35(1):139-145.

XIS, ARRE A VARSI 2k B R A 3
HARIRT]. W RGE A, 2015,39(20):158-167.

LIU Jian,TAI Nengling, FAN Chunju,et al. Comments on fault
handling and protection technology for VSC-HVDC transmission
lines[J]. Automation of Electric Power Systems,2015,39(20):
158-167.

Zel UARAG, BT AR P LT A U S 1A ) R
BT L) ] P E AL TR, 2018,38(5) : 1301-1309.
JIANG Shan,FAN Chunju, HUANG Ning,et al. Fault charac-
teristic analysis of DC pole-to-pole fault in power electronic
transformer [ J ]. Proceedings of the CSEE,2018,38(5):1301-
1309.

[7] KWON Y J,KANG S H,LEE D G,et al. Fault location

algorithm based on cross correlation method for HVDC cable

—
[
[—

—
A~
[

[5

[a—

—
=)}
[a—

lines [C]//IET 9th International Conference on Developments
in Power Systems Protection(DPSP 2008). Glasgow, UK:IET,
2008:360-364.
[ 8] 22 55 VERf, 4. M E R A AT 0 2 b S
AR )], LA, 2017,34(3):51-56.
JIANG Chongxue, LU Yu, WANG Nannan, et al. Analysis of
traveling wave protection and study on coordination strategy
in flexible DC grid [J]. Distribution & Utilization, 2017, 34
(3):51-56.
Be Rk, b BERE, AF L BE T I T 10 22 g A2 TR LU S
M AR T[] MR, 2016,40(3) :689-695.
BI Tianshu, WANG Shuai, JIA Ke, et al. Short-term energy

based approach for monopolar grounding line identification in

—
o
[—



%71 RN 2 LT AR L TR L 14 A P O e o

MMC-MTDC system [J]. Power System Technology, 2016, 40 P 2], m R AR ,2018,44(2) : 440-447 .

(3):689-695. YU Xiuyong, XIAO Liye, LIN Liangzhen, et al. Single-ended
[10] B9RF, B R SC, 2520, 5. 2 ME B 0 A 3 T8 A A R bt fast fault detection scheme for MMC-based HVDC[J]. High

P 7 AR AR [, T E UL AR 240, 2018, 38(18) : Voltage Engineering,2018,44(2):440-447 .

5343-5351. [17] REHe, ABRER XG55 . BT R R Y 20 ek A i O

JIA Ke,YI Zhenwen, LI Chenxi,et al. A directional pilot pro- orl]. mREE S EOREHR,2018,33(1) :3-10.

tection based on phase angle of transient high-frequency im- JI Kang, TAI Nengling, LIU Jian, et al. Protection scheme for

pedance for flexible DC distribution grid[J]. Proceedings of multi-terminal VSC-HVDC lines based on transient voltage

the CSEE,2018,38(18):5343-5351. [J]. Journal of Electric Power Science and Technology,2018,
[11] MONADI M, KOCH-CIOBOTARU C, LUNA A, et al. Multi- 33(1):3-10.

terminal medium voltage DC grids fault location and isolation [18] LIU J, TAI N,FAN C. Transient-voltage-based protection

[J]. IET Generation, Transmission & Distribution,2016,10(14): scheme for DC line faults in the multiterminal VSC-HVDC

3517-3528. system[J]. IEEE Transactions on Power Delivery,2017,32(3):
[12] LIU J,TAT N,FAN C,et al. A hybrid current-limiting circuit 1483-1494.

for DC line fault in multiterminal VSC-HVDC system[]]. [19] JIANG S,FAN C,HUANG N,et al. A fault location method

IEEE Transactions on Industrial Electronics,2017,64(7):5595- for DC lines connected with DAB terminal in power elec-

35607 . tronic transformer[J]. TEEE Transactions on Power Delivery,
[13] LI R,XU L,YAO L. DC fault detection and location in 2019,34(1):301-311.

meshed multiterminal HVDC systems based on DC reactor

voltage change rate[]]. IEEE Transactions on Power Delivery, EERAT:

2017,32(3):1516-1526. EEAE(1996—), B, #H kL mA, M

[14] SNEATH J, RAJAPAKSE A D. Fault detection and inter-
ruption in an earthed HVDC grid using ROCOV and hybrid
DC breakers[J]. IEEE Transactions on Power Delivery,2016,
31(3):973-981. . . BAEH(1967—) 4, LA, 8l 4,

[15] JEIZE: 08, 2R B 45 SET B HUas o e 10 2 om 22 1 / ﬁ’,}_‘ TBMAFTEO A N ARG G AR

UL 0 B T 22 ). A5 EF1E,2017,41(19) : . i . y

FERH R0 AT R L. ) S 31k, 2017.41(19) Bt B Sl oo @sion
89-94,146.
ZHOU Jiapei, ZHAO Chengyong, LI Chengyu, et al. Boundary

protection scheme for multi-terminal flexible DC grid based

THRAE,ZRHAT AR ZEALR
e v, () 2k ¥, 4% 37 (E-mail: shenghuiwang@sijtu.

edu.cn);

EEE on);
£ L(1995—), B, i FEm LA A
AR A, L RHAL G A AR AR L M &4 (E-mail :

on voltage of DC reactor[J]. Automation of Electric Power

Systems,2017,41(19) :89-94, 146, jiangshan1995@sjtu.edu.cn) .
(161 A5, 1 Srll, bR B L, 25 . LT RALI B 1 22 14097 o P e (4RiE 112 %

Fault protection scheme for DC distribution network based on ratio of

transient voltage principle
WANG Shenghui, FAN Chunju,JIANG Shan
(School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China)

Abstract: Because the short circuit current of DC distribution network has the basic characteristics of rapid
rising, high peak value and short process,it is difficult to identify and remove faults reliably and quickly.
The reliable identification of internal and external faults is realized based on the time domain characteris-
tics of the voltage on both sides of the current limiting reactor at the line outlet,a relay protection scheme
suitable for DC distribution lines is proposed, and the fast-moving and selectivity of DC distribution line
protection is realized through the combination of single-terminal electrical quantity protection and double-
terminal electrical quantity protection. The proposed scheme can detect and identify faults quickly only
through the ratio of transient voltage of current limiting reactor. It can not only meet the protection require-
ments of DC power grid, but also make the protection scheme simple and easy to implement. A large
number of simulation examples verify the feasibility of the protection scheme, and it has strong ability
against transition resistance.

Key words: DC distribution network ; current limiting reactor;ratio of transient voltage; relay protection; DC

protection ; transition resistance
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Table Al System parameters

B4 ZHUE ZH ZHUE

HE U 10kV ERPR KL d 10km
HUE D% 2MW Lk AT FFH Ry 0.025Q/km
PRI FEPIA Lo BMH LGP HIE Lo 0.3mH/Km

PRI HEPIAS Lore  4mH KT, 0.3563

PRI IR Lors  4mH K27, 0.7000

HiiHBE Cy 1000p F KST, 0.4072

HiiA C, 1000 F K2T, 0.8000

HiiA Cy 1000 F




= A2 RIFRIIEER
Table A2 Operation of protection

df R Ry 1 TRy 2
o™ T e
1 00060 00065  ZfE  BME  BHE Bk
° 50 02546 02742  #/E  BME  E}E BE
1 01131 01355  BfE  EfE  EME  aE
? 50 03324 03565  BfE Btk EifE EbfE
1 01994 02349  ZfE  BME EME EhE
* 50 03958 04246 AHfE BME  AEE Bk
1 02704 03135  ZfE B EME EhE
° 50 04513 04824 Ktk BHE  AEE Bk
1 03302 03775 ik BME  BifE 3k
’ 50 05016 05299 ARsifE  BME  AshfE Bhik
1 03810 04308 AzhE  FifE  AEhE  BME
1 50 05477 05724  RHifE BME  AshfE Bhk
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