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Fig.1 DC line circulating current working
condition of permanent grounding fault
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Fig.3 Control sequence of restarting unsuccessfully
blocking directly with communication

Wi J 2 73 E A 55 3 2, P B 24 BROAT B AR 90°
sEJ(a

WA R 5 21 BEAT b o g s, R A
LR BRI IRAPOR B, B O 2k B R 7 Bl A )i
IO A Bl B 51 e bR 3t [ 3 £ 228 2 30 ),
PEXCm b s o PR 38 i #0007 5 2 T8 B 5 o
VA B 39072 00 NBS 7 T 17 7 B o

AR 7 3 2 A e e B g ek ey 38
A I o 53 Pk >R FH B2 AR 90° 11 P A3 et , A ] 4%
M s 18] 7 A PR 5 B QAT A A R G 125 1 G T
IR AR o

TR 2 Bk R A K A e i e, B A
DA 2 FS A e B LB, 10 s AT 4 5 ik
A IR ZEL 24 A P B, HE S i as AT 0Ll 4 o
P4, Ry, Dl T ELTAR B HLRH s Ry, AR I 22
UL e P st A PR

B
1

AN
1

AR
2
RLZ

4 REIRRS
Fig.4 Abnormal working condition system

M5 SCHRL 16-17 ], Bt MRS AR E R M1 B, B
LR 2, H IR T 220 % F S SR i 06 S ) T
BOTUNE S Frs B AR AL B C O B 4R
EH SRR A LA R O RS AE B
VI—V6 N 1—f 65e, e, e, J 2T = HHHL B H;
1 9 1T B 5 U R 12 0 L s 5 U, D i 28 0 ) 26
FL S 5 U, i P 4 v s

BERR T8 T, B B S A D) Ja AT P
2255 1) B AT I A ML R S W, B L R o
WARMPHAT Fo AR 90° F PA] S 5K M-, b P 398 722 ] 450 3
R SEWT o WA M AT B A 2 90° 1 R, 52 2k



235 B S EORE R AR ORI i i A T 3

Iy U,” L 1L
VaXZ pveNZ fivaN

L«%JEU =]

=C R
. [
VINZ v vy
/UO o U j j

E5 PEEEMIRE
Fig.5 Resistance and capacitance equivalent model
A3 FELZS R 1] % R BEL A R %) 52 i, R - fik Bl AR
%%WjﬁﬁﬁEEE[lg-lg] U(uzyg:

Uy, =2 X % X f: ﬁUSin(a + %) e_w%d(wt) =
2\/1§Ua)RCcos(a - %) (1 - e_3j;‘? ) (6)
X U WL EA R ;0 HAEE,

TR 6 3 A A 4 by 5 s 4 31 e A P 8 i )
LR T kL 2R v S B2 R Z B 1T A3,
T4 D 1 PR SR B ) T3, I LA 0 A 4 g
IR w2 (B A ST PR, N TR A AL K2 R, 20T
UL EAE U, >Uy o Uy— M 0, BT LA B s U, b 75
KT 0, Hiat i A AT REE B 7, 2 150° <a<
160°,k1 k2 S JE{E U, FISME/DT 0524 90°<a<
150°,k1 k2 S IRl U, BB (EH K F 0. B filk &
FBHTI /N, 2B H L 2E C 255 EALRH R 0k,
b iENA BT S TE 1 by N1 9 A e SO = RSN T R /8
HENL o T T B A A3, S HL T U, O O, H 3 L T
U, B i 5 S0 AR/ N BT O, U, 48 X (RS K, 328
SR AR
2.3 RS TR T & B 5 M B PR 22 /5 AN B I #A)
SEWRR

JoEAE TOLT , B4R B K A I RS A i
TP P A 6 s o HS5 A 10 15 4 s e s
HA A AR L, FEAAAELA T ARE (1) T
il PRDSEA 25 302 0 F22 MACAS 3] 8 3t N A 8 1) UL
L4t B S A FCS D B O A AR AS IR H T M
LI RESE LA BT (2)  ph 33 2 MAEG Fi, 1 M P 2
FIWTIE IS B (— PRy 6 ), i LA AR PA Bl 2 2,
FRET A A TOUR S o

TCHEAR T L2k K A 4 b B, % 3t A7
Peddr (I SR T ORAP ) AT R IE s A, {553 A2 )
GEAR AR SR I AR, Sh R R AT L 2
WA A P A T 00 ) 5 A e LR AP R RERS
SR, I L) 3 AR A ) 2R G AR R T A

F2il 4 t=ty: LR IRAP
I A, IFR
VR A S

— B
— A

Vot=t s TR ORI A2,
VELULHUR AR EE S, Sk
o L AS R ELIA PR
o=ty BT A
o TR bR
. v o=t AR BT B AR
A, TFARAT R A1190°
st AR S A 2290°
v, FLA T AR

L L L
I 1 23 1 t

E6 ZTilfsHAgizHrF
Fig.6 Control sequence of blocking
without communication

PSR o (LI A 0P P e M R PA] AN 2 AT
R B, R R A 55 il IE AT il PR T 5 2 I
I3

3 MBI HRKN KA EEMBEIRARF
Bk 5 B

gi LTIk, BUA P AR, R 2 K A
PO [ A5 5 W PRI O A (1) A
A LU B Mt e o T o i ) 2 ) 3 2o B A
Jra L2 0RO (2) A 815 IR 4k 3 i e
AN B A P B 30 O AN RN 5% 1 A
A HR R AN Rl AR AL 5 (3) oIl Bk
S A e AR T 3K 2 T . R A
IO P A It
3.1 WMEEEREEMUL

e B g SR 32 A i T P REZR DT 5C NBS
AR AR RELR B 5 1 5%, S Bk el 5 LI 4R B L oz
FIm =2 1 1) B B e 7k R P e e 20 0 1 355 B
BUA A Bl R SR i R R LR 0 (1) ek
P HE R PRI S SR AR A T PR 5 (2) X H
TREE AR AP S G A MR T B 2 5 (3) ELR %
B SN B IR AT RS o 455 AN Rl AR B 4R
DA e 2 e A B 3 o 2 A ) T A, A3 P 5 3
MEERCE B EEA LT AR (1) R E R LR
HL s AR o R 0 M A B — AN SR T IR B 5 (2)
R U Bl R AN, B R RS — B A B
ggﬁﬁ[ﬂ-lﬂ .

AT T B 5 o L e i R L G £ 4R
S A B AT AT 5 BRSO, AR i PR A
P 2 SRS T AN 21, S 2k i A e b e 1 J
AR A ] 2R G e 2 R A I R PAT A B
B AR R RE o R SRAT PR o AR B, X T
A AR AR RO T R I 2 T 00, O TR A
it 12 T ) S 0 i, R AT H P SR
PSR L T DR 37 S VR Ja, A I SR A A B 0[] g
OO el 725 45 208 2ok s ) 5 1% 22 00 AR N, S B



& AH) ALK 236

SRS o XTG£ 2K B 1 M A e R PR R T
T IR T 3 2 0 Y S R IR, 1A R R
Fs MR PAT B, A D07 A 5 AR Bl 2
3.2 18 90°H AR

LA AR B 2 i B, 0 AR I SAE T A A 90°
VA BIESRE W AT B8 oA L O 4 B I, DR 3 e IR 4 B
ISk NG S DG N W w8 ) B S 1B 1 DR E R U
o RS R A 55 8 Ty 5 4 IR R L A
) 5538 S g b, D B I AT 5 O W ] B R R
Mo AT R IS AN E A 55 38 05 B AT, R
AFEHH 90° B M B s . —TJ7 1T, #5AH 90°-F 1]
B D0 A T e PR R IR LU L L DN A
TSGR B EL A vl R IS A A S5l s AT
T A 90° ML s JCIE S B 5 93 — 5 I, 1A R T A%
AR O0° TP B SRS S, B Mk A A1 i), 24 ) il L
FETACRL , AN [ 42 3t 5 22 [ B A [ B A s, L
MR HIOESL . th TS 5w e R & B,
A R PR R T A AL I, e A YA R G 3% 1
LENE
3.3 EHiR&KBKAMZEMBERRNH TR

BERT ELUR R K AR 3 B e 0 00, 23 i
LI A A 3 i o B 400 o AP T 5%, A
7 BN

LR AN
P e

T B
RN
EIEAE
ik i K
TR By [RENBY [Ef e | [
ﬂ%T%% E&F% A 490" Eﬁ%%
!
G

B7 HRZ&BEkAMHERRMERUTE
Fig.7 Circulating current suppression and optimized
scheme for DC line permanent fault
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blocking without communication before improvement
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Optimized circulating current suppression scheme for

permanent DC line grounding fault
GU Xianghong' , HE Maohui' , KONG Xiangping”, LI Ran', JIN Ming', YOU Shuai'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Extra-high Voltage Branch Company, Nanjing 211102, China;
2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)
Abstract: For the problem that the abnormal circulation of bipolar double twelve-pulse ultra high voltage direct current
(UHVDC) line permanent grounding fault can not be effectively isolated, an optimized scheme for suppressing the abnormal
fault circulation is proposed. Firstly, the influencing factors of abnormal circulating current value for DC line permanent
grounding fault are analyzed. Secondly,combined with the existing removal strategies of DC line fault in China, the causes of
abnormal circulation are analyzed, which are caused by restarting the high-end valve group with communication condition,
unsuccessful restart with communication condition or without communication condition after DC line grounding fault happens.
Then, a circulating current suppression scheme for DC line permanent ground fault based on pole isolation and blocking after
shifting phase 90° strategy is proposed accordingly. Finally,the simulation model is established through real time digital system
(RTDS) to verify the effectiveness of the improved scheme. The results show that the scheme proposed in this paper can
effectively solve the abnormal circulation problem of DC line permanent grounding fault under different working conditions.
Keywords ; ultra high voltage direct current (UHVDC) ;abnormal circulation ;line grounding fault ; circulation suppression ; com-

munication condition ; pole isolation ;shift phase 90°
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