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Fig.1 The equivalent circuit of AC transmission
line under DC feed
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Fig.2 Schematic diagram of AC/DC hybrid system
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Fig.3 Sound phase voltage and current amplitude

under different commutation failure conditions
on inverter side
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Fig.4 Sound phase voltage and current amplitude
after single-phase trip of pure AC system
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Fig.5 Recovery voltage amplitude under
different commutation failure conditions
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Fig.6 Amplitude ratio of DC component and fundamen-
tal component of faulty phase voltage on inverter side
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Fig.7 Single-phase ground fault coupling circuit
of the transmission line on inverter side
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Fig.8 Simplified circuit for single-phase ground
fault of transmission line on inverter side
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Fig.9 Capacitance coupling voltage calculation circuit
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Fig.10 Voltage amplitude of disconnected
phase terminal under permanent fault
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Fig.12 Integral value of disconnected phase voltage
under different transition resistances
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Fig.14 Integral value of disconnected phase voltage
under different commutation failure conditions

HIPE 12 AT, 28 300 Q S5 i F B 22 b T %
{1 o S B 3R T AR 0 (B — 5 R E ) R IR L
MCIE IR A B B TE AH, Br 3 R0 9 475 4R B AT g 3 n]
Yo I 13 AT, R A AR AR R 1 S P O A S
14 L B WY 20 | OB TN o - A | B S o



& AH) ALK 88

A7 PR AN [ 9 A S22 0 I B A 0 R )k P I o
H1 P 14 R, AR S AR R R WO R (B — RE 1
R AELI R 48 5 (L, 00T $1 1 4l A 32 A0 2% I 1Y
AUENEREYSE I RNER P -4 S PN NS R RN
& B AR R BRI RIR S

A Matlab 3 A [l B 37 B L A [7] 3 8 v B
AN A 2R I T 0 B W T R e de e T A7 B i
B BRI A IEA Y R O 0.1 s FIE G
H0.5 s, BAELE R I 2,

R2 XHHFEIEER

Table 2 Proposed criterion verification results

S iPN G bURl. RHRT gk

eS| TR IV PZ S Tt 63

2 ikt 10% 0 37.96 2= 310y
AR 10% 100 34.14 s (i)
PAle 10% 0 36.48 B2 [Adiny

8 AH 2 10% 100 33.91 P BE}
KB 90% 200 30.63 B2 [Adiny
BARW 909 300 29.75 = W

B eSS, S RN A Bk A sz ikl ok
DL ke A B o U L BEL RS WD, 2 b AN T e P o
L BUPER HAA AR 22 51 , BRE 0% HE A R
AR I, LA AR SR 4 A

5 #hig

SCA S L U A R R e R AN Al I B L A
o I SRR B EAT I A, Ao A% 8 B 5 I )
AEM T ERIRK R G0, RS e
A ) A R S5 T  FFAR ER mv, Fs k 2, 45 6 Bk s
PSRRI I A St 8 T O A 3 e s I B A
A A0 2 5, 4 O i ) 5 Tl R A T Js s, s O 1) AR
IR o SCRP BT B A 0 L AT O ISR AR IR R AR
IR RETE Rt 9 P BELRE Oy R4, S 0L S B B
Dpid T RRSERR , O 7% BE A A R WU Wil A S AR i
BEPEBCADI SR AL A R R
SE
(1] BOR R AR WRHENR , S5, 43R ik & 20T M [ B fk
W[ T]. BB EAR,2019,13(10) : 1-7.
RAO Hong, LENG Xiangbiao, PAN Yaxian, et al. Analysis of
the global HVDC power transmission development and the sug-
gestion of the HVDC export[ J]. Southern Power System Tech-
nology,2019,13(10) ;1-7.
[2] XUz, fL )y, AT, 55 A2 BRI R Ge ke Y AT F A2 4k
[J]. T HAEHIH AR ,2020,39(9) :36-47.
LIU Yao,KONG Li, DENG Wei,et al. Review of stability ana-
lysis for AC/DC hybrid power systems[ J]. Advanced Technolo-
gy of Electrical Engineering and Energy,2020,39(9) :36-47.

[3] BB, REL, R, 5. SCH IR A P8R4 R
SrbTSaR AR BT [T, W RGP SR, 2021, 49
(14) :176-187.

HOU Junjie ,SONG Guobing, XU Ruidong, et al. Fault coupling
characteristic analysis and relay protection research on an AC/
DC hybrid power grid[ J]. Power System Protection and Con-
trol ,2021,49(14) :176-187.

HOFON I, AT, A RAISE B IR B N 2 4is AT T
W F ] AL 55 Bk R [0 ). b [ W HL R 2 4R, 2019 (11)
3107-3119.

DONG Xinzhou, TANG Yong,BU Guangquan, et al. Confronting

~
[

problem and challenge of large scale AC-DC hybrid power grid
operation[ J |. Proceedings of the CSEE,2019(11) :3107-3119.

(5] XURRA, 22 KU EIRL IS A I T A2 V0L i PR 2 8 A AR R4

FEIT]. Bl AR S TRE,2021,21(27) :11642-11649.
LIU Yushan, Ll Fengting. Pilot protection scheme for alternating
current transmission lines under the influence of direct current
feed-in [ J ]. Science Technology and Engineering, 2021, 21
(27) :11642-11649.

(6] {5, £5¢, A, 5. LCC-HVDC 33 A28 fll # g i 3 X 32 it 4%

e BB B R [T ] W00 R4 A 3k, 2021,45(23)
162-169.
REN Xuan, WANG Bin, YU Bin, et al. High resistance ground-
ing fault protection of AC line near converter station at inverter
side of LCC-HVDC[J]. Automation of Electric Power Systems,
2021,45(23) :162-169.

(7] BCR%, 2 e, 20, 6. SRR I X AR Ao 72 ) 5 R LR

HELEARAR RN L LT 1. 01 B 3 i ,2020,40(4)

17-24,55.

ZHAO Sheng, LI Botong, LI Bin, et al. Influence mechanism of

single-phase tripping on commutation process and suppression

strategy of continuous commutation failure [ J]. Electric Power

Automation Equipment,2020,40(4) :17-24,55.

2, R, A 4R = U R R I T 1 S T R i

AR R Y 43 BT S AL BRI T ). a0y B 3k e 4, 2019, 39

(3):214-218.

LI Huan,ZHAO Xiaobin, YANG Yu. Analysis and treatment of

—
o]
[}

commutation failure caused by abnormal extinction angle in
HVDC system [ J]. Electric Power Automation Equipment,
2019,39(3) :214-218.

(9] B Whse, Beal, VLA, 55, SET R AR YAy JF Il B e i

L2k B A G N S [T]. W LR 4R, 2017, 32
(11):17-25.
LUO Xunhua, HUANG Chun, JIANG Yaqun,et al. A voltage in-
ner product based approach for single-phase adaptive reclosure
on transmission line with shunt reactors [ J ]. Transactions of
China Electrotechnical Society,2017,32(11) :17-25.

(107 Z=teim , X, 455t , 45 6 T o 90 E U 30 B 1% BB i LU Y

MUK A RORERUN Oy i [T ). W0 R R A sk
% ,2018,30(10) :61-67.
LI Botong,ZHAO Sheng, LI Bin, et al. Permanent fault identi-

fication method for transmission line based on marginal spectral



89 2P S5 2 BB AR R O W ) 5 I B SR B P Bl

energy ratio of arc current[ J|. Proceedings of the CSU-EPSA,
2018,30(10) :61-67.

[11] JH, sal, YL, . J6 T it 1TD 1 bri i n9 B A0 A

RS W], B RGN H A g k4R ,2016,28(10)
24-30.
ZHOU Chao,HUANG Chun,JIANG Yaqun,et al. Single-phase
adaptive reclosure based on marginal spectrum entropy using
improved ITD[ J]. Proceedings of the CSU-EPSA, 2016, 28
(10) :24-30.

[12] E5Hrh. FE5AH B 2l E G e v S50 I e F30 5 K A
BERY L L)), PI2sSl R4, 1984,18(2) :23-31.

GE Yaozhong. Method of distinguishing between instant and
permanent faults during automatic single-phase reclosing[ J ].
Journal of Xi’an Jiaotong University, 1984 ,18(2) :23-31.

[13] Ak, 50746, Whonk , 46 k7 vf SR 52 358 Sl FiE A B AH K

AMERCRE RS T7 i [T]. s 1 A 3 ki % ,2019,39(3)
9-16.
LI Bin, GUO Zixuan, YAO Bin, et al. Identification of single
phase permanent fault based on voltage phase fluctuation char-
acteristics[ J ]. Electric Power Automation Equipment, 2019,
39(3) :9-16.

[14] Zihte, waal, K G, 45 i e 2 R I P 3 Py 1k 52 v

EE MR AR ERT S T]. W1 B 8lifk e 4% ,2015,35(1) .
107-111.
LUO Xunhua, HUANG Chun, DAI Yongliang, et al. DC offset
characteristics of recovery voltage for transient transmission
line fault[ J]. Electric Power Automation Equipment,2015,35
(1):107-111.

[15] fifedd, 4= R , 52, 45 T ) 46 bE iy b v 0 R i

ek FE N RAREE A MR [T]. B i R4 A 8k, 2018,
42(13) :196-201.
XIE Chao, LI Fengting, WANG Bin, et al. An adaptive single-
phase reclosing scheme based on power ratio for wind power
outgoing line with shunt reactors[ J]. Automation of Electric
Power Systems,2018,42(13) :196-201.

[16] TRFHE, R, IRAK, 5. H:T MFDFA f i TR 4R i

AR BN SRR R4S [T ] W D RERT A, 2016,
35(3) :34-40.
ZHANG Yuhui, WU Jiaming, WU Dongbin, et al. New beat-fre-
quency criterion for single-phase adaptive reclosure in EHV
transmission lines based on MFDFA[ J]. Advanced Technology
of Electrical Engineering and Energy,2016,35(3) ;34-40.

[17] REES, 3600 AR TE, 55, 1T L BT s i b 26 % — A

B 5 r A LR AR AT [T ] BT B S ki 4%, 2017, 37
(5) :155-161.
SONG Guobing, HUANG Xinghua, XU Haiyang, et al. Analysis
of mode current frequency after three-phase trip for trans-
mission lines with shunt reactors[ J]. Electric Power Automa-
tion Equipment,2017,37(5) :155-161.

(18] ZEsK i A% T far , R 44, 5. HVDC 5 A B A 2 ekt
S ) e AR T R W A [T ] B R, 2020, 44
(5):1825-1834.

LI Yongli, YANG Zihe ,SONG Jinzhao,et al. Influence analysis
of HVDC and commutation failure on AC phase selector[ J].
Power System Technology,2020,44(5) ;1825-1834.
(19] FHhIF-. 555326 v Fhy, I 1Y A I P 48 2 JHORT b, 0 g 1y B
FPERRZIAWITE [T]. Wi J7,2019,38(5) :55-61.
YU Canping. Research on the stability mechanism under si-
multaneous commutation failure of UHVDC group in the weak
sending end grid[ J]. Zhejiang Electric Power,2019,38(5) :
55-61.
(20] sk, 32 B G M B 3 N A TS (D] Jbat. 4
Jers 3k, 2018.
ZHANG Runfeng. Research on adaptive reclosing of AC and
DC interconnected power grid[ D]. Beijing: North China Elec-
tric Power University ,2018.
(21] B0, LR, B, 45, 3¢ B U 066 2R 8 X 46 U A2 J s
22BN RAP BRI T RO LT ). W R4 A 9k, 2015,
39(23) .158-164.
HUANG Shaofeng, SHEN Hongming, LIU Wei, et al. Effect of
AC/DC interconnected network on transformer protection and
its countermeasures [ J ]. Automation of Electric Power Sys-
tems,2015,39(23) . 158-164.
BRSCAL, XUATER , F50k, 55 B 55 ( BH B0 AR 07 FFAE 9 77
I EELAT R S A 1 3 7 o I R R Yk [T ] R
A ,2020,44(5) :1796-1805.
SHAO Wenquan, LIU Pengyue , WANG Bin, et al. Single-phase

—
[35)
(3]

[

adaptive reclosure fault identification for transmission lines with
shunt reactors based on equivalent impedance phase property
[J]. Power System Technology,2020,44(5) :1796-1805.

(23] REH1, K00, TR, 45, 39048 ) 38 0 26 1 B A I 366

A AT R S T 5 S S [T ). L R EOR , 2022,
48(3) :1001-1010.
SONG Jinzhao, LI Yongli, ZHANG Yunke, et al. Applicability
analysis and improved strategy of adaptive single-phase
reclosure for AC lines on inverter side[ J]. High Voltage Engi-
neering,2022,48(3) :1001-1010.

(24] TRAU, ZKI0, ARG, 5. & BB R I 4h B T2k

i PR I N 5 A AT RSO IR B iR LT ]
AR ,2022,48(4) ;1442-1451.
XU Quanzhou, LI Yongli, SONG Jinzhao, et al. The single-
phase adaptive reclosure applicability analysis and fault identi-
fication method of transmission lines with shunt reactors inclu-
ding DC infeed[ J]. High Voltage Engineering,2022,48(4) .
1442-1451.

[25] JEITH SR, 2 R, FHalily. o T i v 2R e I 24l 2R g

DUSATAlG R Jr vk (). W00 R4 A 34k, 2021,45(5) -
143-151.
ZHOU Bohao, LI Fengting, YIN Chunya. Risk evaluation and
suppression methods for subsequent commutation failure of
HVDC transmission system[ J]. Automation of Electric Power
Systems,2021,45(5) . 143-151.

[26] FHAEW, 2 0, BRAR A, 2. AR PR B35 S L I A At
KW A [T, B Jy B g fbi 4%,2019,39 (11) : 114-



2 HEHEAR 90

119,132. trol ,2020,48(2) :172-179.
YIN Chunya, LI Fengting, CHEN Weiwei, et al. Commutation

failure risk analysis of sound pole caused by DC monopole
BRIE(1965) , 2, W4, Bz, [l LA
Ui, WIS 5 i) DAy W] A BRI R AR S e ) &R
St (E-mail ; xjlft2009@ sina.com) ;
XUFRH(1997) , 2 Bt WF 5807 oy v )
ARG Ak R
file R (1987) , 95, {4, B B2, W92 7 1)
ST A REIIT B 5 i I R .

blocking[ J]. Electric Power Automation Equipment,2019,39
(11):114-119,132.

[27] E /B, SCR, BA, 5. 3o/ UHVDC AR 2K IS5 ]
FKE M [T]. My RGO 4 15 51, 2020, 48 (2)
172-179.

WANG Sichao, WEN Jun, HE Dongshan, et al. Commutation

failure control and recovery strategy of UHVDC with hierar-

chical connection mode[ J]. Power System Protection and Con-

Criterion of single-phase fault nature of AC line considering

the influence of commutation failure
LI Fengting' , LIU Yushan', XIE Chao', LIU Jianxun', HUANG Fei’
(1. Engineering Research Center for Renewable Energy Power Generation and Grid Connection Control,
Ministry of Education, Xinjiang University , Urumqi 830046, China;2. State Grid Xinjiang Electric
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Abstract : The amplitude of AC line current at the inverter side is affected by DC commutation failure and fluctuates for a short
time after single-phase trip.The fluctuation range increases with the increase of the number of DC commutation failures , resulting
in the misjudgment of the traditional single-phase fault nature criterion based on the amplitude of the recovery voltage. To solve
this problem,a transmission line fault equivalence model is built firstly to evaluate the impact of DC commutation failure on the
sound phase voltage. Then the time domain expressions are derived for the disconnected phase voltage during the recovery
voltage stage for different fault nature. After that, a single-phase fault nature identification criterion based on time domain
voltage integration is proposed, and its effectiveness is verified by PSCAD/EMTDC simulation. The results show that the
proposed method has good resistance to transition resistance and DC interference,and the fault nature identification criterion is
suitable for DC commutation failure.

Keywords : single-phase trip ; commutation failure jrecovery voltage amplitude ;sound phase voltage ;time domain voltage ;single-

phase fault nature judgment

(438 7 )



