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Research on transient-based relay protection
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University), Beijing 102206, China; 2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Wide application of power electronic equipment has made the fault transient process of a power system more
complicated and faster. This forces higher requirements on the “four characteristics” of relay protection. Therefore, the
advantages of transient-based relay protection have become more prominent. First, the fault characteristics of the
electronic power system are introduced. The fast adjustment and fragility of power electronic devices and their influence
on the fault characteristics of a power system are analyzed in detail. Secondly, the application of transient quantities in
line protection is comprehensively established, including traveling wave front protection, single-ended transient protection,
etc. Then, new principles and methods of protection based on double-ended (multi-terminal) transients are analyzed.
Finally, suggestions for research on transient-based protection are given. By rationally using the abundant transient
information in the entire fault process, high-speed transient-based protection which could adaptively be matched to the
fault is realized, and the “first line of defense” for power grid security can be fully established.
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Fig. 1 Schematic diagram of AC-DC hybrid system
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HI P 2 T RAE Y, OB 5 AR AT RGN, it
bt FL IR A AN, SR R ) TR s e
FURARARRIGIT B A A ™ RS, D)% pl
PAYREE o ) PR I B 6 8 B P 8 - A DTV N
BEBSICIE. 5 eI Eh ek gl
1.2 B BFRERARERTHE

et iR gerh, MRS R E R
PLRTE o ZRGER AT, A o FLYS AR A FETL A 4
KA AL = R0 Pt bs o), R
i L AR ARA A WO PR, SR &5
e AR TH R LA AR 7



-20- @A &R B R

1 1 , 1 1 ,
. " —t/T, —t/T,
I, = E, [(7 - x—,)e T+ (x_' - x—)e ‘+

d d d d
”

1 (0) | —1/T,
—]cos(wt +0)+— ¢

Xq d
(1)
L X X P IRE SPGB SRPL T .
T, 53 WA R SR SR AT RN () B . [F)2P R
RTINS F) B BOR(T) 290 0.1's, T, 294 1s),
VAT BENG, DRI A I ) 25 P LA R ) P
F(UO)BTAS FPUAE,  JE T vy A A R % P PR R A
e, fRgdk Ry T IE ARG
AT R, s S as Bt
WP ORIRE RERAEREES, WS
L& 1 UPFC S5 oL ik 2 2 S A2 4L,
W T B AT W] R I AR, K B A
FRIGETAREE, Wil 3 fioR.
g 4 s
SR A4

_______________

Oz L SFACTSHE
AL b samn s

_______________

|

T | THRRSEY

| ORRARHT | > B

. W% ! B :
|

3 #FE T5n 5 8RR R HFE

Fig. 3 Time-varying characteristics of fault power frequency

LIS L B B, by 5 5 1L 4t
HUNAA AR ZE S #UBE )R DFIG 52 1 HLif & 2L
IrEE AU R AL R AR )
TG SR EIES U A E R I
e oy N, P 4 TR BT Sy B %L
IR TR) B BN, S BE bR, A (i A AR R B
TR L SO0 i o RV SR 2, AR 4 A
TR IETLIEH

6

4

2

0

FE - AFH LS L o,

0.95 1.00 1.05 1.10
1s

(a) T A MRIEE AR

EE TR

e A BB TR

|
(=]

0.90 095 1.00 1.05 110
t's

(b) ¥ A MR HLI
[ 4 DFIG . ¥F=1H%EE A tRIEIRER
Fig. 4 Phase A DFIG stator and rotor short-circuit current

XA AR R0, DFIG #aaafims
MZIXBL AEL AR REE,  HIFE i e v Fe i
BRSO T AR, R FRUEOR 2R
PRI RS, DFIG Fr g S 4k i o s r A7 PR,
B R IR ZE AN K. IX 5 [R5 LA TE 5
P A0 R A B A BT G PR AL AR AT 1R KA
Fl, S ALGE gk AR B T S AR 1 e
1.3 BHBE A&

Hi B S e MG ARz s bt e
75, RILHMESIVE: Qs ASA8 U 2R 0 10 13 g o
F AN R e B A R O] RE S A 22 i
[ IR AT R LA A5 A et 1y o 15
ARGk IR TCSC ot N A o, UL
PR AR R AR AR s RN HE T AR ER B R 4k
MR T 2k, FEEREURE S R n]
SEBMEM AR ORI, BRI ORI BV EAS SN
T S A PR B TR Sk L L I SR
3ms WYIERMEE, 4 3 ms WARVIERME X3 5%
LA R Y

gr bk, BEERMRRE, T TR
SRk LRI R T EORPk b . W AR Beh 2
TAFEENSBERE, IR S DS
O, SRR A R ) RGN A
BOEAE o

2 ETERIFHAR

H o2 S HO AR E L SOEHR . R
I LR A IR E I R e s A B 2 A R e B e
A TR RN, ™ A A 2 ST e
PR BONE R R BT THF2E) . XL
BAERUS VWA AR SRR Rk
o i) 25 (A S T P BB b= 2 1 v A
BRI R R [ AR O A AR



AL, A

FT R AR AR 221 -

S I g 4 28 S 1) DR AT AR 3 (AT 5 0T
f, BEERERR R ARE, RERUETEESR
TR OISR b I (R SE A . BFFURIR, AT IR
2 A e 3 B S (R T LA A2 SR L
Sy ORGPE SRR U T TR AT R BRI, O T Al pix
R, AT PRI T T R R 2
AR IRY T .
2.1 MBRERIHEESEE

ks BRI, FERIR L, AR
HC RO IARI Bk, ARSI SO A
R, SRS EESIOE RN, 2
P LUET OB A RLC G E AR, R
A R,

LTS HL, A S EREABL I DT 1
AT LA AR AEIR o X LUAR R S HS A0 i S 5L
R PR bR 2 AL, B I 90 km,

5
P 3X 108 m/s, W] Ar =~ =222 K8 _ ) 6ms

21 180km
XFLEEE Bk 5 s

Hlbi e

tms

5 EPSH 5N HSHE TG RITIKM
Fig. 5 Comparison of transient current waveforms between

concentrated and distributed parameters

LR, MHELSRSEG R, 2kl
B e B A L T SRR, R B
B BRRES
2.2 BEFEBITRIRE K4S ERIRP

MO RGE RIS MR A, frrskis
FAAEISHM R L RAT IR . X T4k sy, gk
e T P A R AT, RIAT IR R S A 2
o AR AT I P 5 43 ) AR R e 3 s 1 1)
APPSR T TR B SR L,
TR B PUk shEYERE . BbAh, ATU Ry R R
AL PE B FLIR RS . ARG R K
243 A HL A S5 S () BRI 0

e 2 A TR AR A 20 A 70 SR B4

HBL, AAEATEOT A AT e AT
S5 2 A R B2 AT AR K 2 R T
Ja s, Wk 6 Frs, RIDAA s Je s
R IR 19X 3% A A I 8 > s i L S R/
ST A S R H S AN B A IR A AT R
AT ) 22 35 95 o 2 22 o

F

m n
>y <1
U, im i U,

—»X

[OEC NN AT

m n

F
0,

(o) HBHT LRI (&) W9

6 FIREINER S ITHE =L B TIR
Fig. 6 Fault traveling wave analysis using

superposition theorem

T IIAT BB B AT UM, AT EL R LR
REWRFR:

1) A7t e UG OR  Jl I BB T and i v
H AR R BEA T b0 2) AT 1 fRd .
MR et P L s s HLURA T8 ) JEAFREA T il iR
s 3) AT PR E LEB AT M Rdr s ARPEIE. AT
i L PR 22 5 A T Wb Ul s ) AT et st e e
DR« FRATAR B B S (R I T 22284 T B 51 55

VU ZAZTIE K B e h HAR BN SR T 31/
AR AR AT WA LR Ay T Ry B, ek T IR e
SEARWRG () ) JEY [ A T N A e
AT AR AT DR, S0k T 2 i B 2 e 4
oo WARREATIAR AR el A AN [R] S i DR 25 4 T
AT TRERY, AR TP N AR T
TR AT e 2 R DN B, BRIE T
/NI AR e e 0 v A e

LR WTER R IRYEAE T AT A
FEMIIN TR, PRI LR, HBCAE &
oy % BIHAE 5 1T,
2.3 BT EBESINEIFER Rim 2R

PRI B A R A e 2, g
R AR, IEh RN AR, B ek s i
PERE, RIS EER AL B AT i R R I

SRR T U (BP0 LA . BB )X
HAETHIIEBRE, XN SRR O 2o b



-2 @A &R B R

MU FUR K s AN RDB S A AE e 2257

0223 0224 0225 026 02277 023
f's

I 7 iR, RAERRBE, (R R WA T A < |
S B, FISE X AN, (R R, MR AT i [
SRR, TN X . BRI AT 2
VA 1) HETNE S RS A R O T, % .l
WA NS 2) T HCEIA I A B
FRIETRA 51k 3) BT S AR ) st I Bl ik R R (1) o o 024 026 028
PRI R b R IR A R BB s
PURFPERSIIK, %%ﬂﬁ$mﬁ”a“ﬁﬂ“ﬁ”
FR TR (A T 2 6 o
PIA ML . g

R —— | R —— - 4

T I~ 2

gl i{u 2 7 E o

T

B 7 EFESESHEFIENFRPRE
Fig. 7 Protection schematic diagram based on transient

signal frequency domain features

2.4 EFZimE S E R4 BRI

HE T B A R DR VAR IE A X 4 X P/
X A, SRR (EX AR SR,
W o 20 S A A S, T L B S R TR IR TV U
WU, B T U T X (22 i ) B A
R
2.4.1 B TR A R TR B PRI ZE B R B B

FET /TR, WIE IESLPLA R, XY
5 ms WE S IR TG, SRR
JE A, ANIXC P e B 110 55 o A T 2 R A
50 Hz BRIEAZAR AL, HoAtb s o0 52 B0 LR A0 22t by
T RS AR, 7V nT R R 1 Bl 1k

M &R A R X Q)R

F(t,) = AsinQ2nfi, +0)+C,A>m, f >0 )
Rif: As fo 00 C B R AR . ik,
A AR Iy e RN T BTk, W R
AR 7 o TSR /MERAEEE S EdE 2
R R 251 7 R 8 AR A BOHEAT K e, 19

Al A2 T kA

I kA

(b) ZEENFLITHL &

8 XL FE AT MBS HE BRI

Fig. 8 Fault phase current in internal fault

0.20 022 024 0.26 0.28
I's
() A 43 LR

0.227 0.228 0.229 0.230 0231 0.232
I's
(by ZEhii G
9 X PIHFE RS IESFE R B

Fig. 9 Non-fault phase current in internal fault

minS = 3 (F(1) - x(,))’ )
= 242 BT L A LRIV (R 7%
i 4 TR P/ e i A 4R R ST 42 1597 A
AL +0.014f° +A0° +AC* <&, @) R, R R L, TR

K, g, MRG0 2 AR T LLER
AR MAESRWE 8. K9 Fr.

ﬁm FET LR P AR S Y, BRI X A
A g BEZE RS, 8% UPFC %% FACTS Joithif&48



AL, A

FT R AR AR 223 -

BA R AR

4 RELR S AR B, SRS 1 ms
AN BE SR AL Y, o JFRIE EAE SV
P S A L S A LI REL 45 tH 2 e
(AR, A5 R MO T IR O LA 7,

2 )

min{Y W, ., > Wy s 2 W,
EGIRET B SISO

PR Ry >, B, IR T
07 ) R R, e ARG BN FE TR, i
REESVEBEIA G B MT1<r <r, 058, HIEH
e IO ) R, PSR, xR
RIS S, RS E N 1< <,
AR B 0 AV BRI S, s A B
e, o o IR BN ) T HEA T 1R HY,
AR LS R AT e — e, L, =1.7 .

TEE 10 PORIBAIEATU R, LA F, #ebs
AN TR k7 (N giraa 8 ] AR | Gt
2, W 11 P,

Fy WO, TR MBI Bl R (2 6 1/ e
fe TR /N FUAE 7 2.85, (4P T 4 R0 ) e b
i1l

}'}:

P & N ."!'|f|'|."'<'.].+‘|.
OF—op (=
= A
BT
R R - e T Ran
v ey —— nlfnds 2
e : S HO
T _ [

[ 10 500 kV REGFIHEIEER
Fig. 10 500 kV power system simulation model

0.4 p
— (F4F R,
— (TR,
=
= 0mf
0 1 J
] 500 1000

A
(a) M R b fE B

X107
(R Ry
e R R,
I — R,
=
|
£ 2p
] =3
3 ]
0 500 1 000
FHESE

(bYN MR AP b ik i B

B 11 F, SRR R A N B2 A
Fig. 11 Wavelet energy entropy in F; single phase fault

3 g

BT A gk B RS BA L R PERE, (H2
B F R T R R R, FR R S &
A, BRGNS H N 52 2% B I ) R
Rk, AR DR A HE DA A PR L AT 1 )
SRS R R A R IR T K
R R, T B 4 e A A SR AT AR 52 i
THAR LRI IR AT SEPE . 0P RFA EAR FORIP ST, 7
R =ANE

D) JTHE &G A T . A E R
XGRS EREAT VL, W R T M 2Z 25 T
W 22) R A E T R VRSO E m, PIREUE
AR RGO B AR S 5 )

2) X SIS I SR I o B AT RPN 5L
PEAER SR, B A SR AT AT ST, N
S BRSNS B s EA T IAIE, HESh B A
TRAP S A HERE .

3) FTHZ M ZES R I A . A
A b2 5 s ARG R, Bl S a7
AR TIRA & 3 THRRAS R A
SEHLHL ) LA ) R ek i R e B iR A B
HONSPrRyNAUNIR
S 3k
(1] EROF, %M, HHE, S5 A IR R4k

Y] W RSG5, 2013, 26(2): 13-18.

WANG Zengping, JIANG Xianguo, ZHANG Zhichao,

et al. Relay protection for smart grid[J]. Power System

Protection and Control, 2013, 26(2): 13-18.

(2] FEH, BRETD, R, MR A R RAT B e

LB BRI T[], FE LR AR, 1999, 19(4):



_24 -

@A &R B R

(3]

(4]

(5]

(6]

(7]

(8]

(9]

76-80.

DONG Xinzhou, GE Yaozhong, XU Bingyin. Research
of fault location based on current travelling waves[J].
Proceedings of the CSEE, 1999, 19(4): 76-80.

Ry, L TR, S5 R E L2 B S
EORPRECE BRI R[], IR AL TR ), 2013,
33(4): 179-185.

ZHANG Baohui, KONG Fei, ZHANG Song, et al.
Technical development of non-unit protection devices
based on transient signals for HVDC transmission lines[J].
Proceedings of the CSEE, 2013, 33(4): 179-185.

skORZy, oK, JUBK, A s VR A e R A R
PSR GRS 5%, 2010, 38(15): 18-23.
ZHANG Baohui, ZHANG Song, YOU Min, et al.
Research on transient-based protection for HVDC lines[J].
Power System Protection and Control, 2010, 38(15):
18-23.

R, RELE, W, & LTSRN ESER
TR ORI )]. ARG ABL, 2019, 43(21):
203-216.

HOU Junjie, SONG Guobing, CHANG Zhongxue, et al.
Transient power based single-end protection for HVDC
transmission lines[J]. Automation of Electric Power
System, 2019, 43(21): 203-216.

WREE, EMk, &g, & 4k ORdr mim sk
JEEE[). BT RS A B, 2017, 41(16): 1-11.

CHEN Guoping, WANG Delin, QIU Yutao, et al.
Challenges and development prospects of relay
protection technology[J]. Automation of Electric Power
Systems, 2017, 41(16): 1-11.

ALBASRI F A, SIDHU T S, VARMA R K. Performance
comparison of distance protection schemes for
shunt-FACTS compensated transmission lines[J]. IEEE
Transactions on Power Delivery, 2007, 22(4): 2116-2125.
AR, 3590, Wi, 55 & UPFC ZRERMEE B IRy T
FWFT]. P E FHL T RE2AR, 2016, 36(19): 5219-5226.
KONG Xiangping, YUAN Yubo, GAO Lei, et al. Study
of distance protection scheme for transmission line
including UPFC[J]. Proceedings of the CSEE, 2016,
36(19): 5219-5226.

B, B, UPBEL, S R TREEOCE R A S
WHE R UPFC & AHLORY[)]. ) R 48 A3k,
2020, 44(2): 139-152.

LU Zhe, WANG Zengping, XU Wanyu, et al. Pilot
protection of UPFC line based on transient spectrum
information of busbar-connected outgoing lines[J].
Automation of Electric Power Systems, 2020, 44(2):
139-152.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

RHEIR, SRAERR, FEAEE, & AR R AZ U
ARG AE M [0 R EOR, 2010, 36(6):
1461-1467.

SUONAN lJiale, ZHANG Jiankang, JIAO Zaibin, et al.
AC fault characteristic analysis of AC-DC hybrid
transmission grid[J]. High Voltage Engineering, 2010,
36(6): 1461-1467.

JU/NL, Phbz, IMELS, A5, UL =A% F i
FEPE T[], W RGOk 5, 2019, 47(18):
38-48.

FAN Xiaohong, SUN Shiyun, SUN Deyuan, at al. Analysis
of three-phase short-circuit current characteristics of doubly
fed induction generator[J]. Power System Protection and
Control, 2019, 47(18): 38-48.

EHPE, B, W, & HIERRAAE GSC B
TR R UL S A R v S 5 20 0], L
FAR AR, 2018, 33(17): 4123-4135.

WANG Zengping, LI Jing, ZHENG Tao, et al. Calculation
and analysis of transient short circuit current of doubly-fed
induction generator considering convertor current limitation
and GSC current[J]. Transactions of China Electrotechnical
Society, 2018, 33(17): 4123-4135.

FH, G, b Ar, S KBRS R I L 22 4
EAT G ) S Pk AR ], L TR 243, 2019,
39(11): 3107-3119.

DONG Xinzhou, TANG Yong, PU Guangquan, at al.
Confronting problem and challenge of large scale AC-DC
hybrid power grid operation[J]. Proceedings of the CSEE,
2019, 39(11): 3107-3119.

IR, AR, SRETAE. R0k B A rE R At R
JREESEI]. R EOR, 2017, 43(1): 1-8.

XU Zheng, LIU Gaoren, ZHANG Zheren. Research on
fault protection principle of DC grids[J]. High Voltage
Engineering, 2017, 43(1): 1-8.

BET, SRORS, WRTEE. R AN i A R O
PR RS RBED. B RZ AL, 2001, 25(5):
56-61.

LU Yanjie, ZHANG Baohui, HA Hengxu. Development
and prospect of ultra-high speed protection for EHV
transmission systems based on fault-generated transients[J].
Automation of Electric Power Systems, 2001, 25(5):
56-61.

MR, sRORZy, PSR, B TRTAS i e s R
BTG CRAPRIWTFE ). W 3K B4, 2000, 20(4):
4-7.

HA Hengxu, ZHANG Baohui, LU Zhilai. Super pressure
power transmission line non-communication protection

based on transient component[J]. Electric Power Automation



A, & T

R T

- 25 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Equipment, 2000, 20(4): 4-7.

S, B BT A R BB R AL A P ZE B IR
P bR B3], b RWL DR 2% R, 2020, 40(5):
1534-1545.

LU Zhe, WANG Zengping. A transient current waveform
feature based novel high-speed differential protection[J].
Proceedings of the CSEE, 2020, 40(5): 1534-1545.
FOH, B, RS, AF AT BRI
W] ARG A B, 2000, 24(10): 56-61.
DONG Xinzhou, GE Yaozhong, HE Jiali, et al. Status
quo and prospect of travelling waves protection of
transmission lines[J]. Automation of Electric Power
Systems, 2000, 24(10): 56-61.

WRoT, 2omrh, AR, A5, IARAT I D s 2
SCAE SPGB 23 BT b K R T —A BB )]. 4R s,
2004, 32(2): 13-17.

CHEN Ping, GE Yaozhong, XU Bingyin, et al. Modern
travelling wave based fault location principle and its
applications to actual fault analysis — type A principle[J].
Relay, 2004, 32(2): 13-17.

AW, M, KRS, S TR AT
PE LG A 7 AR B R B D). D R G A Bk,
2000, 22(2): 11-15.

DONG Xingli, DONG Xinzhou, ZHANG Yancang, et al.
Directional protective relaying based on polarity comparison
of travelling wave by using wavelet transform[J].
Automation of Electric Power Systems 2000, 22(2): 11-15.
MG, BRi, SRIKTE, &6, JETRERMRESER
AVEY Y éﬁ%ﬂlﬁﬁﬁﬁ[ 1. ARG RS,
2019, 47(14): 1-8.

TIAN Peitao, CHEN Yong, WU Qingfan, et al. Study on
transient-based protection scheme and cooperation strategy
based on flexible DC grid[J]. Power System Protection
and Control, 2019, 47(14): 1-8.

TV, IMAEE, ml, AE R E U AR AR
ST S R O RS SIS, 2015, 43(2):
148-154.

YU Yang, SUN Xuefeng, GAO Peng, et al. Analysis and
prospect on transient protection for HVDC transmission
lines[J]. Power System Protection and Control, 2015, 43(2):
148-154.

AN, B, EOR, A BTN BRI AT
L LL 3 7 AR [I]. Eﬂjj AL H B, 2000, 24(17):
11-16.

DONG Xingli, GE Yaozhong, DONG Xinzhou, et al.

Directional protective relaying based on amplitude

[24]

[25]

[26]

[27]

(28]

comparison of traveling wave using wavelet transform[J].
Automation of Electric Power Systems, 2000, 24(17):
11-16.
Power System Dynamic Performance Committee.
Stability definitions and characterization of dynamic
behavior in systems with high penetration of power
electronic interfaced technologies[R]. New York, USA:
Institute of Electrical and Electronics Engineers, 2020.
EHP, WA, G, A BT RRIE R PR A it
BP S LR KL A Eﬁiﬁéffi{ﬁ/éz[ 1. P EEHLT
FE2A3R, 2019, 39(9): 2604-2614.

WANG Zengping, YANG Guosheng, TANG Yong, et al.
Modeling method of direct-driven wind generators wind

farm based on feature influence factors and improved BP

algorithm[J]. Proceedings of the CSEE, 2019, 39(9):
2604-2614.
R4, MO, T, 4. UPFC ML IR

\&:Eolhzmﬁﬂaﬂu’axjﬁﬁﬁ MRTS[I]. I EOR,
2016, 40(9): 2654-2661.
REN Bixing, DU Wenjuan, WANG Haifeng, et al. Dynamic
interaction investigation on a UPFC connecting to Jiangsu
UHV AC/DC hybrid power system[J]. Power System
Technology, 2016, 40(9): 2654-2661.
G R, U, DERE. ML E U CRERORBTAL
N K&K, RS EBE, 2013, 37(15): 3-14.
TANG Guangfu, HE Zhiyuan, PANG Hui. Research,
application and development of VSC-HVDC engineering
technology[J]. Automation of Electric Power Systems,
2013, 37(15): 3-14.
MO, X, VERIAR, A JE AT 2 LR
HL, o0 2 B IR DR AP BT JRUR ], T R GRS
2020, 48(13): 45-55.
LIN Xiangning, LIU Qi, FAN Lixiang, et al. A novel
pilot protection for VSC-MTDC based on correlation
analysis[J]. Power System Protection and Control, 2020,
48(13): 45-55.

Gugk WAk el

w1 A e A A% A,

sina.com

YiF5 BHA: 2020-10-10
TEZ BN

L (1994—), 5, HEARE, HARTEOACH A
E-mail: zhengbowen0713@163.com

%, @A, L, gk, RS
Y% &, Pk 3 . E-mail: wangzp1103@

EHTF(1964—),

(R4 KREE)



	DOI: 10.19783/j.cnki.pspc.202083 
	基于暂态量的继电保护研究 
	Research on transient-based relay protection 
	LIN Xiangning, LIU Qi, FAN Lixiang, et al. A novel pilot protection for VSC-MTDC based on correlation analysis[J]. Power System Protection and Control, 2020, 48(13): 45-55. 



