E36E5F5H
2016 £ 5 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.36 No.5
May 2016

FET PR kR P B

R ORHER

RS S

(1. L@ RF eF 85 0ATRF R, Lif 200240;2. BM LT o a8 Fastvnd, B 200233)

HE

ARl 8 2 A 20 gk AR P K B TR MM 7 ik Wiz T — A K TR AS 5 AT B 69 Ta e 8

B ik E G ERBRP B RPN BB BRI KELBELE TR ERLR AR IR G
B RGERENN FFEEBZERY EHEDFEN NERE BTN LB AT 2
TR RRA A IRA N R K EEAEA KA B AR, A ARACLE RSN B E, TSN EREAT ZH

A RO

LI, BB, R, MMRE, RPES, BRP B, WEIH

FESES. T™M 73 XERERINAG . A

0 5l

WP g s B 7, R0 5 5 i A 36 390 S ke g i g 2
BELGDY, S SER RS SCE S S E A E
o | A P DO A A R ARG ) e B B Ak R A e e
REARIE S EMEITM TN, 2T a0ZEN, ©
AT SRR R 22 51 %) B e e s ol 1) L X 32 A i e I
PEATHIESE . SCHR[4-5 ]38 3 R Ge 10y vk dE 37
P 155 3 B P A B M SR A SR [6- 7 14
T TR A 1 a3 B R A R (X R
o2 B v e I % S g vk B 5 T A A 8

Bt 25 38 15 B AR B & R S A 3R BOAE B B4 H O £
BB A RTEEE- 100 T R S (WAMS) A A
U 0 (PMU ) AT [R]85 Z2 5000 a2 v 1) %) 52 s 54
ZEE B R ORI R Rk B A A R R
EHE B RG] DI 0 S P b5 B T B 2 1 3
ERSHEGFER, MM EAAER, Bk ARG RE
— WA S TR A A S AL 26 B BE ol | ] 25
B ez e e

A W RALER T B R AT DL S Rk
B — ol g RO SR R A R B A A
W 2Z B I R BT B A i LA ) %) e
SUPATTERAA . SCHR 11 - 13 748 R R DR 4 B I % 4
B SHAE A 5 ST BT ASE AR N 3 e 12 W ) i A A
Ak oM B br R B /INME Y 0 — 1 % B0 R[] 8-
ek R A | AT 2 7™ 9% (R B L Al MR AR A L %
J7 B W R SO B Bl a3l i £ B sk
IR (SRS Her ol B i s ) B (4 O ) = S AN R E AN
AR A B A |t TG 3 1 AT 2 B A I P

i

Y4 B H#.2015-01-27; 1@ BH.2016-01-25

BEESTBH. RER L CRMASHSLXLEH AL AR
(113023A)

Project supported by Program of the Key Technology of Energy
Storage and Conversion in Large-Scale Wind Farms(113023A)

DOI: 10.16081/j.issn.1006-6047.2016.05.026

RS A T AR 5 1 A 8 L
W e TR 0 5 20 3 5 D e 3
155, IF% HE Lk B 1 = B R IR B iR B ke
BN 0L, S I 135 5 22 D S B ST 4 T
33 2 1 2B UR 25 5 101 SR 7 0 95 A G I
g e R 22 22 5 0 B RS, DR i B
FRA 3 B SRR 15 10 SR 25 1 25 S L B
SATRAEBORE . TR T REAT 0L B E 4 L)
R B A O S R R 0 R B
by 0 5 7 T 1 e e AR 0 50 1355 0o £
180 135 5 05 46 4 7 W b e 3 2 509
TR,
| BATERE T

e R ) A (4P 3K o (P 7 45 2
Y ER L Y RS A S L ST R 5 — A L

TILAERIY
a. KUl R AR R UL BRER | SR A v I — Y Y

R AR I AL B
b. IR 5 PR W N xR AT A
Ak 2% 32 B

. A B ER KR AR G i S (AR 4R B, K i
JEBIET | A AN A S 2R P U [T

d. SRR K B VRS S SRS W AR Bk

e e D DR — SR AT LR LA B SR 4 B T
Ak BRSO I A A R R A R
gy 5 18 {5 e i 45 5 e a8 R I B IR 5 R i iR 3l 4k
FL A S B R P S R Y R B R B E A S
MO AR AR i I IS A7 AT R E)
B SR AR B TUAR BEER Y B0 B e B 1R e R
TR BT B 2 LR Sl A DU R i A 2 B B I AR
KM IR w5 PR AR N E B RS 3, AR AR R B ek
BERIA Bl W3 BR3P A7 A R P e e 5 A R 9 i



E 58

PR LT (5 0 K R (55)

A PP R S E R 2 8 S AR D R (8] % AR TR S
RO AFE B s BE T ORI 5 5 ke A A Ak b7
B AT LA RO I e i ) S BT WA A
T E AR R AR B K S 115 S | B A 00 Bk IR £
T BEES LR TR 3, {5 GE IR 3 i R
R BV 55 SR 5 B AR 47 2 8 i 1 Y 3
VEAES, AT 5K 2 W7 % 4 Bk O, O felf 22 s Bk I A5 45
ARARE G 0] 245 SRS OR3P 26 B FEAT A A | R B B 1 e e
AEAT Rk G 7 BB

2 BOSCHERAU A ] F OR3P RS 28 A I S 15 5
HEAT BT , 12 WIS e T A7 B R 4 5T B 4 119 4F 2
BRENH L, R 58 o0 A AR A 1 A A 5 T HL AR 5K
PRIz t7 2Rt 23 ok = B AR 4 45 & LA R 3 45
BN R RIS OC T X 7 | OF e i, AR SOk
TR o LB AP (= BAR AP B G HAIR AR ) S H At
TCAROR AP (BE AR B TEAS R4 55 ), 20l BT X L L
TRAP 0 B KR S A5 5 | W7 B 4% B4 1k ] 15 5 2 57 i
P s
1.1 eI A

H I S B az A7 I B — TR 5 g A R
JP o RV % A T S DD B R DU S AR R B 4
SRUERG , H G OR R E S A Bt s R I 2 kA 1R
shaliaE g, SR 00 By 52 2% | il R DX I 2 A R 3
Ko T R T A TR 2 A R DX, A AR
R H1 T 5% g 14 4 PR 250 B TR B TR R S R T A
WAL DX 3, | Ay ) 3 Mg BT R ST R G A T AR
IR R I A R Y R B O, R X S
o] N G2k S AR — 2% LU S 315 5

Wl DI g e, B e 3 M AT RE R AR
B R TTIF  FTTE S S=151,80,++,su] ;N FRATRER
AR AL O T O AR AR 0 SRS 3
1E/C'tpnl “Pn2~Pn3s *@E}Z?ﬂé%%% P =§P11,P12,P13, P
ol o TIHBCRIER BRI 4 I v | 7T AAEL W 45 S
FU T L 2 BB 02 S s, BT D O I 43 R
NS HVES m A JCA R R E 5 p,, B 1R O B 4303
PR P n RERBEIER 1(1=1,2,3) Bl RN IEH

W EIRLEEFOTIEIERCE D MR IR SRR
SR EE AN R=r,ra, o gy yrplrs BCT FTO
W3R R A d AR ShAEFIR S 5 AR 4
E T HRAERH A ={a,a, a4, ap} ,a B 1
O B 2r 3R A T d AR R SRR IS 30 5 ik
B 5545 AL LA RH OGO BT AT Q 1 W s i A 0k I 5 5
M EEAS R C=lc,,co, - JCay 5 Col 4Cy B 1 Ao A
OrRERIN C AR g AU i A kI R Bk

R A 2 O 4 SR 7 g A AL b | R S LR
i T % A S ) T S R R BR A Sl A S R e
FEI R AR M5 5 R B R sh G S R A

SNVE(ES IR R UL R b7 6 & 1 B I 45 5 022 ¢,

FEARSCHI TR |y R 28 B 1 IR LR 7
Xy z PN FOR B T B PR 51 s h i
TR 5§ FRORITCIF I — 5 BRI 1 Ron Ty 5R
TR ARk Rom T AR e RARY 75 45 Lt KT
PR RPTII @ (@ - SRR 2RI FR 5 |
o AR, AR IR @ WA,
12 ZERIPHIERESHBTEDR

BRI R = B SOV OR B e G, YUK
TR T 2 6 T i 22 %% | = B A 2 B 0 PR TR A
— 0 2 | A R W i L Y R I D ) T
LR AR AT B R A a1 R, LA L R D E
— R AR R B O AP DR3P e e — B, — o 2t
A 80% , AR gk H ORI B B O e 1 = B R
JH LB Ly 2028 pupoapis 3 B0 DT Be i
PREEN p+po, E T BARTEER po+pis. 1B
PR L AR 2 5 1) 4 K BRI REER | S DRIE 26
P& 2 R A5 B R DA 09 0 2 A D SE A )R
e I ER TR iR O N D= S D v e 1 7 N ¥
P TR B R 373 TR A A 4 gt KT G 2R 1 4
K R R . AR E D ORI A R
AR, ARG A R4 A DR 4 v T R0 L %
P VeI T A AT AR AL

L ~
E V4 Pzzz F
21 P
D L L
=t i
Pu pp

P u 'lﬁ ¢
P41X_|PT|_P/4;(—|H
1 &RERPSEEX S
Fig.1 Range partition of line protection

a. £IRY,

WA L RN S B 550, 8 L, BR
A B IR NI PR 47 N % S A S A S S B
R\ M.

RI*V=P|1@P12@P13 (1)

b. [ BfRY,

BCER K L, (9 D M1 BRI SRS 5 0 1y, ik
WA A TS 1.2 By ) 1 By i sh A Hosh
EE S R A

R]*x:p]] ®P12 (2)

c. MBS,

BEERHE L B9 D M B R AP SR A5 508 1y, R AP
AL R N B, R AR LB 2
XF LR D MY T BOR AP B IR R 3 R S A 0T
Bl Ar RL s A B0 YR R AR A S BE 2R B I
R T ORIPOR SR, W 1 BB 4 B s A | sh AR A5 540
BR, N

Rl*y:(pll@p12@p13)rlxrlv®sBrBi (3)



® ® 0 8 & iR B

$£36%E

Hofr r MBS L AR S S

d. mEARY,

WL L, 19 D I B AR Y shEAS 5 M r,, 2
AL B g 1 AN LR BT 2 R IV LR 6 D A T BEAR
I BRI SR P 38 R s | ) B AR 4 g Bh A |
BH MR AR R R L, (5K Ly L) B, B AR
PRI A 2 % 22 R] 114 S I AR L 1 4 S IR s 2 0 Ak
FHAIRAS W B PR 1 sh A 5 o83 24 BB & A 7E
BEZR E (T RIS BRSO BAH R 9 T B O3 25 K
SAE, W B AR R s SRS S RN .

Rl*z: (Pn @Plz ®p13);1x;1y;lv®

4 2
;‘ { (pil @Piz @PB);’W } le Sm T mil my (4)
Ho e, AR § AT RE BRI XL BE g
T 5 4 1140 B ) 475 200
1.3 THRIPREHEIRNERESHBTRE
JLPE R B E AR R R AP AR TR AR IR
BUER AP A5 | LR %25 Fh 26 B 1 £ 47 3l 75 1 B0 20 531 ik
fTifie,
a. ORI,
B S S m A TTHE s, B ERIPEERE TN 1,
s, Wk W) O S AR SRS S8 R, O
R,i=5, (5)
b. F—Ja A,
BOLF s, 5 —J5 SR SRS r,,, IR
s BB HL T ORAHE S S — 5 A R S 7R | Sh PR (R
SR N
R:;szsm;mi (6)
c. HBIE e,
Bl s, WS ZJa R EIER S8 1, B

Ja SRR OO s, BRI SBI T 5, 2R s,

B HLHC R R SR — 5 R R R B S s
ORI B AR SO Sl R R AR TR AR TT A s, HLAR
J AR R 5, W OCIBR A 1 10 42 T BT [ i AT b T 1A
AR S R AR sl SRS S R R, M

R:ﬂ :Sm;mi;‘mj69 Z (sr H ;q) (7)

s, €M (1,,5,) ¢, €Q(ru,s.)

Hr YRRPELZEOZE Il RAZHIEQER,
M (rpy50) RHEELRIT r S TCHE 5, 19 BT A AH 48 0
PR 50 (rys) FORY 1,y B s, RBRBRAS T B 4238
W 2 B AR A

d. Wrkds ok R

220 kV K DL b H R S G 0 R I e — R T T
FRO T B 2 O RARIFT ) L 1y S g T A5 1) DT B
R RA W ENAEAR 5, r, o 7T 3K 30 B 5 45 Bk i) 174 O
PAEAR S e, W AR BRI (55 SO s MEIf
K 2y VT 5 25 Bk 1] B | 25 DRI 265 25 S B A D BT B 2 R

AP B E SR S IR R, R
Ri=c, X (8)

reD(c,)
oo D(c,) JRESR B 25 o, BRI 2B P 2
e. Wrikassh k.
AT ART 68 £ 31K 20y W7 i gk 8k ] 1) DR 40 S 4 | I I8 2
HONLIZBE IR SRR SR ¢ h
Ci= 2 r. 9)

reD(c,)

14 RIPFBIESHBTER

R A, B AR RIS N R T T
MBI B0# F ARG S RIS B8 3, Ak
PRAP R B AT R P B AT R 2 3 IR 4P AN RE S )
Je B HE R R B, DR XA R A R R B s
TR R 3 S AT I

a. AR,

B L AR R S5 N ), DK
SRAERN L B BRI PR B A I i R AR T
L, AR AT AL OB 22 s R 4P B % 3, )8 a5 5
WIBL AL

ARZPM@PU@PB (10)

b. 1 BfRIRSN,

BB L 1 BRI S5 5N a, SRR
AR T BOOR AP LA B B e S AR S B
AW

Al*x=P11€BP12 (11)

c. BRI,

BB L BLRG B I B0 15 50 ay, 8RR
A AE T B AR A T LAl i 3 O s A S B
A% N

A*ly :pll®P12@Pl3®sB (12)

d. MBI R 3,

BRI LB R S5 5 a,, MBUR S E
HARL BT IS 5 BT R BRI I 5 A TEAS L % I
AR B AT — T R B R AR R RN 2 5
g, RS fE SR A, .

A*lz=Pu®P12@P13€B
3 (pa®pa®p)®@ s, (13)
Horp N 9 TR

e. HAbICIEIRI R 3,

Bttt s, B ERIPEME SN a0, — 5 &
AR G TN a5, 5 5 & RIPRE SE 5N
i, S BE RS REI  EOR ER — H R AR
PR S R E T AL AL A 2N

Atni =Sm
AL =sn (14)

mj
¥
A m=Sm



E 58

PR LT (5 0 K R (57)

f. Wik A%k RO S 30
W g WA R RIS IR G5 a,, 4
A J5 B W i 2 B AT — PRI SN AE | BB i 2 O R AR Y
TR, B E S A, .
A:;k= Z Iy (15)

reD(c,)

1.5 EFRIRFNEFFTEE

TE bR OR A 0 T S 5 A AT S R B L Aty B
AR (W7 % 28 ) R 3h (H f Rom ) s 4 3h (H
g R BOL, X (W) M SEE S5 i,
oy ay el (fer,ca, e O ,c(,f),ﬁﬂ% rdzl,%
d MR SIERE S E Ri=0(c,=1,C;=0), W&
s )R, fi=1(f,=1), &M £,=0(f,=0);
WER ry=0,R;=1(c,=1,C,=1), ML (I B 4% ) 4
5| ,g,,l:l(gcqzl),%?mu g,d:O(gCQZO);ﬂH% ra=R;=0
(c,=Cy=0),8H r)=Rj=1(c,=Cy=1) , LRI (W7 3
) IE# S, &R R i FE SN )8, 2T iF ek
P A BRI DR AR SE AR SR AR bR S 3
YRR AR NIE

R LR 47 TR (8 gk 11 301 B RS 5 S B IR 2 1 X6
Fb 43 B A5 HE DR 47 R T 6 8 (0 4E SRR Sl 1% 00 | JF X
X & WSR2 B AT A, OF I S B AT L I
PENVEER A 3l ORI (Wi ) 1R 3 AR 3 A7 S 1
Wi R sh , T EhEI R AR 8l R s i iR s, &
AEAEZ), K G SR i T 200 T2

A LLER N ra=0;f.g(fg)=0;RF(CL)=0;

R'g(C'g)=0;rf(cf)=0srg (cg. ) =0,
2 BRMEABEAE T

SR 3 TR 5 5 it AT R TR 114 e e s A 0
W AT AR AR (1 ) R A6 B A R Ao R S B AR (B
A SIVES DL 0— 1 BRI )8 | 41k B A5 R
BT BER 2 W, 138 T H R PR I IR A S S bR
RS0 22 0] B 22 AN IE 80 sh s sh A i B 4G
AR AR R S
2.1 B#REH

T HARREL E(H) , B bR sREGE/N R R 7
P71 5 W7 B 2% 0 S B 0 5 1 BRI 0 A O AR R
BB A H 1.5 Wk AR E(H) R .

E(H) =03 oAl 42 R+ e €]+
w3 11+ g | (16)
ST D R ECHE 0 HITHE R8O Y A7
D A 0 2 B TR A S BRAR A 2 T 2 5%
z r=R| D ARG S RS 5 5 PR S

0955 3 e, G190 Q BTS20 BN 2R 5

SRR NS S, 1|53 | | R G RGBS

sl RS IE L RO R | R B 5 B 1
PR RN T I A8 B | H AR R EGER /N | G A 45 R
B, i TR sh AR B S i 2 T sl fE S | I aE
206 /N 3 SR S AE H AR R R AR AR B w N
Je Sh AR BUE R (0, 1) 718 Y B SEER w, w, 5351
FERAR RN T R 25 AR Bh A5 B A AU
2.2 BEMEERER R TR

AR SR R T B AL 585 5K A H A pR R, I
wF A H(S,P,A,R,C,F,G),H YIS PR
Wiz 5 | BRI & A R ) TR RGBS  F LG o AR T 5 T
BEAR I SIVETEANY 30 212 W 25 S A IR 4 11 S Btk
B G ERA R 25 Al U E B 1E 55 sh et sh
1, S E 5 B LA RA Y & A Bk s

R - S A R SR Ao SEL B RS R R 2
FE7R 3 PR A B B R G ok 2 r I R Y D
RO B A A ST AR AT R R | 2 e g R
FIFHIZ 5 8 04T 50 P 12 W S I 0 s 1) G 0 | 7 90
JEE R 7 e A T R

B X SR T A 7 T BE K HE
TEIRSE £ S RILk B8 £ P [« TR 2 A PR
v ;
WA o s (< S
L P e L
Fhy gt A 7 [ya e
AT HARSRECE(H)
[ B 7 REDR AL 5 R |
W R I 45
I
W TTIE|| R A || R S A
R WIBLRES || S0 e Bk
|
| A Bk S i g i

[ 2 #RE IS i R R SRR A U it 72
Fig.2 Flowchart of fault diagnosis and
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Practical test technology and solution based on RTDS-GTNET
for protective equipments in smart substation
PENG Fang',GAO Houlei',LIU Yiqing’,KONG Fandong’
(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,Shandong University,
Ji’nan 250061 ,China;2. School of Automation and Electrical Engineering,Ji’nan University,Ji’nan 250022, China;
3. State Grid Suzhou Power Supply Company,Suzhou 215004, China)
Abstract: The test structure of traditional RTDS-GTNET is briefly introduced and the practical requirements
for the test of protective equipments in smart substation are analyzed. Aiming at the requirements,the
updated GTNET-SV module technique is synchronously tracked,the protocol and packet jitter of SV module
are compared between new and old versions,and a solution applying the parameter-recognition-and-matching
method to realize the normal SV message interaction between RTDS and protective equipment is proposed.
With a substation area protection as an example,the implementation of closed-loop test based on GTNET is
introduced and the test precision is verified.
Key words: smart substation; GTNET; IEC61850; real-time digital simulation; IED; closed-loop test;
relay protection; communication
O
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Detection of hidden failure based on protection signals
LIANG Chen', TAT Nengling',HU Yan',ZHU Qin?
(1. School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,

Shanghai 200240, China;2. State Grid Shanghai Shinan Power Supply Company,Shanghai 200233, China)
Abstract: Since there is no effective way to detect the hidden failures of relay protective equipment,a
method based on the analytic model of protective signals is proposed,which,for describing the association
among the signals,establishes an analytic model according to the logical relationships among the signals of
protective triggering, protective action,breaker tripping and fault location,and the configuration rules between
main and backup protections,and the states of line three-zone protective operation,refuse-to-operation,mal-
operation ,etc. The maximum matching between actual and expected states of signal is taken as the objective
of optimization and the results of optimization are applied to detect the hidden failures. The analytical re-
sults of case study prove the proposed method effective.

Key words: relay protection; hidden failure; analytic model; protection signal; protection triggering; fai-

lure analysis
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