U ER TR

141 2023 £ 11 A

Electric Power Engineering Technology

B2 FoH

DOI:10.12158/j.2096-3203.2023.06.015

BT R AW R R R A REE A 2456 5k

Fodtih, BEM, S, B4, SHE, Kk
(LSS E A LA TR B, T3 100044)

W EAALKRPAERARCMRREARE, ERE3I s NERMEHA, AFFHEREETHFTEAY
FEARERBEY F ik, BARER ZHESFRE AL TERS X EZRENEFFH R, THFRARYES
1o TR R R BAEA M T ik 04 e otk Ao Bk M XE VU R LR RR P RSN E R, AR ARG IZRY H AT
M, SUP R —F R TAZ P R R R AL 475 &, REMNSRE-FR TG S48, A RS F 4k
53] M F R AE G TR, BT LA TR IR 2 5 F IRk 2 34T R R BN 5 2 45, & F &R F A7 e ) 4 Ag
A AR R e M AT AR A R A AARR T A 5k, TR ik B ARG A L Heak ik | 2 4
AL BT, B IE B AR AP 7 ik SRR AL T AL ), A AR B R AP 09 T SE

KRB W B 2 SRS AR L AR R RAIEPR 01 771 0 5 45307 3 0%

HESES TMT7 SRR SRS A

0 3§

TR LR LA LA ) R T 2 o e R
/N TCARARRIGEF DL 1, © e 8 v L ) R Gk
W HTREIRT M2 2 A1 B, BAT R R K
RS SR, Fe M R R G AR, B e
B , B L R S T, B S B R A PR,
LR R A BEAE 3 ms PR R

FURIT, Rk I H R B DR IBE 7 58 AAT
PRI GRAZ ARy ORI, PR 22 BR3P )i 45
PRI AT R BAT I 1 R LA L DR
R 2 AL B A1) T Bl L 2 o O v R fE
D550 FASRARY Y DL AR 1 S AR R A R SR A
AP A T A S e RE PR L [ AR A T 3 i 9
HLBHBE 1 Ik BT PURE g 22 2 I gL, G 22 Bl f
710121 R e S L A 04 25 (L A A 0
BRSO AR, (B 5) 32 0 A AR IR M . ) DL
F RIS A S LR B DR A7 7 2 e L W L 3 1 |
Bl R AT SRR DU ER

FH T BT S LR B B X LIS U™
BAEH R T — PR T8O 2P A B SR B R
BRI o Rk R g SRR AR
T 5 B G IR — B L R A
PN RR IR, B AT R R SRR g | e B T
BHAE 158 S0 L, (HL T SESh R R RTER A 2 4> 307
25 M AT SN VA 5 00 s R R D

WMOAS B 41 :2023-05-30; 44 = B 41 :2023-08-03
Ao BEAXMFALLEAA-BE LM FiE
W B3 A B B (U2066210)

X E S :2096-3203(2023) 06-0141-12

B2 28 A B 5 S B X R A 1 AL . SCHR
[ 14 sy 7RG HERIZENE FOR AR B 2R A AT (H g R
XN PR S I . RSP B A ST, B
THIEAS 5 Z IR AL R B R AL A
2275 1T PR I T 0 45 5, 0 5l o B O
% FECH AR B DHRAE Y IR
PITIEATAL S MR 57 0 7 A2 AN BB 52 Wi i i
BRI 0 G R A9 RS, e A i 25 TR ABIEFEAS KR
PEXHZ ORI T iR W S 25507 1%

IR T 0 2R 48 AN BB A I 7 i
A B TR A T AR TR A2 B PR 2R A
M5k

RAAI L A B i S A R % |
FIAR R BBV AR 22 18 hm AL 5k 22 k. R
ATk H IR T IR RGN R R X R
MARLAE T BRI TR M, H o Z b S8 fe 5
075 R AR U AR BE 1) 532 W T 4 300 T G A SR, o4 74
PERRZE . O TR R G A h S R BRI, A A2 3
fe i T TR 2 4 ORI J7 ik, 2O R
T M gk gk . Ry
B 5L T O R0 FE XA BB 5 1E W 40
PEAT S, T B2 UGE AT . Mg M4k i
SEAZE O 25 T BT B R 4 0 R RS S B fE
ZZEVAGINAS R, 75 EWUE I GRREi  [RIBR e
THARIE T 6] B ge it e X i 22 1 25 TAL BiS /9
BAn A 2 B (e, 8 0 B EX R A i 4 2R
PEATAS B B 4G I, e f 1 s, (ELTH AR R R X
THRARI RIS, ERBAE 2 0 75 %
M TR, B 2 YGRS B I g,



& AH) ALK 142

TN TR] LA 96 2 O R 4 4 o o 119 B e 1 2
Ko SCHRE3LERXF b 7 ke MERA V-5 PR ok 1
AN AR, B8t — 7l ] 35 T L JRs PR R S AR A
H S ) EL AR, (R R MBS TR R
B

BERSHE TR 2P A I SR E R B R T 1k
Ty AN AR, UL SCAT AN RO A0 7 126 afe
DA A2 EL I P R 3 i o O HE R 5 PR R R oK
SCRPEH T — Bk TR 2P X R A REE A 2
BT o AR B RS AR A Y I e R R
Mo Bl FE A 300 008 5l 1) 0 A1, 30 3 B s ot
DRIE GEPRRIEEIAT A BRI 5 215, O
AT BN GRA T , 45 45 K7 20 R i et
ELRAR ORI IIE , Wit T A REWE A& 21555
% BB RCR I ITIE R T T IURE T, A A
RAP Al FEME

1 FREETHFELRP N

PR )00 i R R R T AT AR A I M O
SR H ) S B, PRI ST B 72 32 AR 3 i 3
it RFEAS R AR TR AT S PR s
1.1 ETFHFFEMNEEEREBRERPRERZR

BB 1 LI 2 % AU S O R, 2 T B i)
HBAS R, ) FH 336 05 A5 RS 21 52 1 B It 2 Bt 1 A
ARSI AR | SC oo 20 P T A 4 B O 4 D 3L ) A5 78
e SHEATRIERER T

Ry g I 2 AN T AR 5 IR 52, T 2 % 79 s P FL
A AR AR B R TR AR, T

E, 1 1 1 Ep
[El] _ﬁ[l - 1] [E] (1)
K Ey B il FE KBRS R E, E, 5058
IE A
A P 2 A i A TR O R AN
B(w)=Ufw) -Z(0)],(w)
{Bg(w)=UR(w) - Z(w) I (w) =
K :B(w) Ulw) I (o) 535N L b AT
P S B Br( @) Ug(w) (@) 735 k% R
Ui IR B AT LS BT 5 2 (o0) S R B 1 R ALE BHLATC
A H R A B AR SO
FFHSE 9 5 B OB b R 56 28 o0 4 ) A sk
o AN L SR R AT E () s
E(t)= v (t) —[a,(v,(t —At) —E, (1t —At)) +
byi(t—1) +CliL(t_At_T>] (3)
Ko, (o) Lo, (o) S3R A L v i B Bl
T NATIAE R LB S AL RGN 8] 5 Ae Ry R A (8]

BB sy by o) AT BB AR 3RS
L1, R T VA 5 AR 2 (2) B 4 3 i 3R
Hh A B S R T O R P A TR 4 R
e, AT PR, vp(2) L ig(2) L ER(8) 23 N2 R
S P4 FSF Sl P P RELUAT L FL TR S A T8
i,(0) ix(?)

O O
Yoo gz
2R K L 2R % R
v,(f) ot Va(?)
E(®) Ex?)
o - o

E1 FEEREERKIEREEHER
Fig.1 Equivalent circuit of flexible DC line mode
domain by frequency model
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Fig.2 DC transformers equipped at
both ends of flexible DC line
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Fig.3 The process of average calculation when
the number of moving items is 3
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Fig.4 Variation characteristics of average series
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Fig.5 A self-correcting scheme for bad data in flexible
DC line protection based on digital twinning
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Table 1 The calculating time of voltage and current
standard deviation with different moving
terms and observation series
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5 2.328 9 0.009 4 30 0.038
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Fig.6 +250 kV four-terminal pseudo-bipolar flexible
DC transmission system
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Table 2 Main parameters of four-terminal
pseudo-bipolar flexible DC system
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Fig.7 Bad data identification results based on
moving average method
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Fig.9 Bad data identification results based on

standardized residual method
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Table 3 The accuracy of three methods %

A, =8%,
Ay =5%

A, =8%, A,=10%, A,=10%,

ik 4,=10% A,=5% A,=10%

A R 89.53 83.13 93.20 88.60
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Fig.10 Protection results of internal positive polar
grounding fault with high resistance
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Fig.11 Protection results of fault f, with
self-correcting bad data
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Fig.12 Protection results of external pole-pole fault
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self-correcting bad data
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Table 5 Protection results with multiple sets of bad data
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A self-correcting method for bad data in flexible DC line

protection based on digital twinning
HE Jinghan, WEI Zhiteng, LI Meng, NIE Ming, GAO Changxia, ZHANG Haiyu
(School of Electrical Engineering, Beijing Jiaotong University , Beijing 100044 , China )

Abstract: DC line protection is the key to the development of flexible DC grids, and fault identification within 3 ms is required.
Existing scholars have proposed a digital twinning based flexible DC line protection method with high speed and sensitivity
advantages. However, its reliability is easily affected by transformer measurements, which may lead to protection misoperation.
The requirements of DC control protection equipment can be hardly meted by existing bad data detection methods with
insufficient accuracy and rapidity. Therefore, in order to improve the reliability of this protection method, a self-correcting
method of bad data based on the moving average method is proposed in this paper. The predicted value of the measured data is
obtained by using the moving average method according to the time sequence characteristics of the steady change of the
measured data, and the bad data is detected and corrected by comparing the predicted error and the actual error, without
iterative calculation and pre-trained model. The results of a simulation test using the four-terminal flexible DC grid show that the
proposed method has higher accuracy and rapidity with good error correction performance than any existing method does,and it
can be adapted to the protection method and improve the anti-interference capability as well as the reliability of protection in an
effective manner.

Keywords: flexible DC; dynamic state estimation; DC transformers; bad data identification; time series prediction; moving

average method
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