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Abstract

In view of the tendency of increasing operation information about smart substation relay protec-
tion, in order to obtain accurate evaluation of relay protection state, an evaluation method based
on comprehensive weight and rank sum ratio is raised. Firstly, to analyze the relay protection
status assessment process and establish the evaluation index system, and then use the multiplica-
tive method to combine the subjective weight determined by the analytic hierarchy process and
the objective weight determined by the coefficient of variation to obtain the final comprehensive
weight. Secondly, relay protection state is comprehensively evaluated and graded by combining
rank sum ratio method and comprehensive weight to make up weighted rank sum ratio. Finally,
taking different interval relay protections of some 220 KV substations for instance, the rationality
and the feasibility of proposed method were verified through the consistency assessment of the
results of the optimal grading test.
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1. 5|

BEE R Re AL R E R EHE HE M H M 2, (E R RS ZIR ARG OB &4 RY, Hig T4
rESE BT N T RSB A R BB I B R B WA AR A I, Ak LR POIRES R AE B T Elek
FRER, TR VPG R B AR KB I HZ A

H AT 4k ORI AR VRS 10 075 s o Airids . SyoRm] Ry, BOMIZr &1 ANESE[1] [2] [3] [4] [5].
SCHR[6132 FH AR B3 2 6 78 28 R B 2R A AU AT A0 3, P4 IO B IR AT VA, (H i TR A e Ry
WX AR, ANAEWE RS R, BWEAE . SCHR[715E T B0 25 A DR 00 4k B AR ok Ak 210
VRS, (HPPA TR AR B E A T W E o S, PSS R BB R A, EUBOR S R Ak U R
SO VPN 45 AR PE . SCRR[8] [9178 T S /R vl Ry25t 4k B ARy S AT SE 1 AT, 58 T3S B I S Fhig AT
RE, (HRA LI REBERN 2R, SRaMH, #0S8AELRMH B ERTS, STz
B o

A% 5 Z 4% (variation coefficient method, VCM)/& — ] B PFAN X R AE AR (1738 7 1 B2 1 1 P8 AR AL
MBI, A ST X RS TR BN A TRAL, T8 RS WU VA0 0 R 22 #E[10]. KA EL % (rank sum
ratio, RSR)Zfl & T SE T —FhJ7iE, RHEARERR TR R E R, THEHREE R R, BRI kR
WAERI TR, THE S R DL ERHET BT DU RHET, AR 2 fabngs AVl Soit IS A 2
PN . BAT, 51N VCM #iE 4ARUE 55T RSR 45 478 4k s (R4 R A A 77 T (R AF 7238 A AR

25 BT, ARSCE T4 AR OIRES VR RAR , ARIEIE R PR AR R, K PRl AR 2 N
TEARANSMTARAR RS D TAE E R E BCERR A TAh, 15 2T INE B AIRIRALE, 2R HriE
(analytic hierarchy process, AHP)Hi € () =M AL E 5 VCM #i € & AL E A 454, FIREH SR 5 E
BE; 5T RSRIVETEZ AL &IPS T I L AL, AR H S LA REML S, TRBUN RSR, H

][l
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T EARETIRSIEE T Ba, BTG A TR 7 EHEAT T 58AIE
2. BHEARIPRSTHERIERIEFRER
2.1. SR RPRESIERIR

Ik LR POR S TEAL X G AR RE AR Huh A AR O 2 B, A RE 2 B RE S 5 ThRe, AVE
T A8 SRRt T RRCRE[6]. ASCEIT IR B R B Febyr, SRR L MBS LER, X
HORSMH RS, BANREWE 1 AR,
2.2. kB RPRASTEEIRARAO AL

VAR bR A B AN AT A4, ASOR X Ry R A 5 ZER W (R a4 20 A BB FR AR A ST B4R 7 o
WHEBEIR B ISR B H ST, HEMBCEE N, HCR[7]F RINEMGTH 52 SR bR R A
FRFRE R, HZiHRR], HE A EE RN TT . B A s F i i 5 m
PTG BEARPPATE AR A R A 2 Fros .

3. RS HEFR I E R E

I AR € T AR 1) U7 3 3 AT S WUOBURI 2 LIRS, T & b e b Al o 1) 2 SR B 44 56 = 0014
B2, EEEMERBRRRR, (HIZT7E D ZRFE FIRGHI AN NAI I, 5 R IR R b8 22
SRR IE RhE, B8 Rue e MR R AR, (HEURTT RS T K KA [11]. N T SE Rt
AR EAERRIIE, A0 AHP Fl VCM AHSE 673 3 S Fabn (K45 A BUE

3.1. AHP TR M E

AHP & — MR E Mot 58 &0V &2 Hirk IR 715, BAEREEA RS 5 m R S
[12]. FERMRSFEVFALER, AHP F I WrE M8 o 7 7 b 5 1 77 208 8 25 R bR AR AL, FEAS 503
R A 11— B PR bR SR AR E [0 AT (5 5 . AHP SRARFE AR [0 VR FE AT 25 SCHR[13]
3.2. VCM HEZMINE

VCM FEAC 5 R SR bR A0 AS SRR R OR, T B AR SRR X R b i B AR bR v, IR T A K AL,
JRZ NIRRT BNHIRLE . ARSCHH VCM 58 T8 bR & WUAUEE 1 7 vk v] 295 SCk[10] .

3.3 ZAWNENHE

S CAH N2 M E R EE T 1%, ASCRARE S BIER B R R R S B [14].
4 AHP REIMBEITE N y =1, 7,, 7w ]» VEM BRI ERIEN B =B, B, By ] » ML
FAEAF RIS | N EARBCE TR 508

R @
éﬁﬁj

W EA RS EBE RN @ = [apap -0y ] -
4, BT ML EBRAS TG

4.1. RSR EEAXRHE
RSR A& G it R M R R R B —Fh 2 &R 7k %R RSR #4740, HIFEFELE
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Figure 1. State evaluation process of relay protection
1. B RIPRSTERTE
b [ drwieie |

2]

AR
B H | E

Jel | sk
|| || B

Figure 2. State evaluation index system of relay protection
B 2. g RPRSTEE IR E R

2K B RSV T AR
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= n AT m FFERE, GEE R, 315 RSR, IS ESTH M RSR 0 A, XF RSR A ELEEHER 5L
R, A3 B R IARE .

4.2, &L SR

FEF IABURR AN B B PP e R 20 R [15]:

1) Zwfk: K n ARSI BRI m AMEFRFIE n 47 m IR EEE R, 90 BB TEAR SN X R R
AR PR N BN KGR, (RIS MR BNk, R —FE AR B 41 5] 3 g~ 3 %

2) THEIIRL RSR: Y& FahR IR EARFIR, &1 ANTPRRT QBN RSR i AR A :

aRSR, =%%ajR” @
At Ry AR 1475 j TR IR,

3) HEMEER AL K oRSR A H/NEIKHER — 41, AHFEMEAEN—4, ] aRSR SR AR, I
%ﬁﬁﬁf,ﬁﬁ%%%ﬁﬁﬁzf;%%%ﬁa%RMﬁmRﬁ$wﬁmﬁ,W%ﬁﬁ%p=%;%
FRUEIEAS B2 1 +51F p XF R HEZE 547 Probit.

4) TFEELEATRE: LU f AR Probit NEALE, oRSREANARE, tHEELKEATE
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aRSR = a +b x Probit .
5) S R4HEER: R aRSR MEX &5 ST 044, RIS RIS R AP IRAS, SN & 54 &
—%. HEEFZEM, —&H 351,

5. BHl4r
AR PAFEAIZE) 220 KV B BeAS vl A5, ATk PP X G FR R a0 1 iR
5.1. HEIEHFEINETE

1) JZ RS MTiE e F AL E

ARAE SCHR[L3])Z R 3 Hrik 1~9 o B2 (¥ 0 e )ROBE S AR U], A4 & HE AR I ALl Rk 2 i

B3 2 TR LIRS, B SCHR[13]iH 5 — 8t R Re = 0.091 < 0.1, i —ECHEAGLe, WIHFEA 2,
X et KA AEAE IR RAE 7 B AT 3 — 4 1898 A EE N (0.13, 0.03, 0.03, 0.12, 0.06, 0.08, 0.33, 0.11, 0.04,
0.02, 0.01, 0.02, 0.01, 0.01).

2) VCM #y 2 25 MALE

B VCM $3& 1 i s 4 40 BOE I dabn oF 2 BN, Frs gl Rk 3 s,

P2 3 Ml v S &AR PRI ME bR 22 AN S R4, 19 3 HARLEE 1) & 249(0.0042, 0.0316, 0.0091, 0.5591,
0.0484, 0.0342, 0.0314, 0.057, 0.0049, 0.0441, 0.0806, 0.0066, 0.0573, 0.0315).

3) LEABUENIME

KRHFRES BIER 1) ) IR ERITSE, FRERRNSGEEREREN: (RERE, BRRER
FE, BJEREE, Jtrbsh, MEHE, ARG, EMshiER, MEKE, CPUIRE, BiTrE, B
A, ISR, AL, B 5800 = (0.006, 0.01, 0.003, 0.71, 0.031, 0.03, 0.11, 0.067, 0.002, 0.009, 0.009,
0.001, 0.006, 0.006). HHZFARLE LRI H, FERIOUE SIS SR e ful, 6oy 5

Table 1. Objects and index data of state evaluation about relay protection
2 1 e RIPRISITE X R FIE AR iR

{ReP3% B 2R
i TE s
220KV ki LAE 220kVEHK1BE ETAE FAEBE 110kV BIZE 110kV £ 1 110 kV £k 2
YR L (V) 4.9 5 5.05 4,95 4,92 5.03 4,97
IR BEEEE (cd/m?) 185 200 210 235 215 198 189
FLEIRE(C) 48 46 52 50 49 45 47
H 1 65 (dBm) -28 -23 -27 -28 —24 -26 -25
3 B hIA () 2 1 1 2 1 1 1
R 5 (KAF) 4 5 3 3 4 5 4
IEREHESR(L) 85.7 85.7 100 83.3 100 90 100
S AR 3 2 1 1 2 2 1
CPU iR JE(C) 65.4 66 70.2 69.3 66.7 66.4 66.8
IZAT BT IE] () 2 2 2 2 2 2 1
KrAB A (3 751R) 25 25 22,5 22,5 46.5 15.5 15.5
B FE(C) 28 28 28.7 28.7 272 265 26.3
SEAIE LRI 2 2 2 2 1 1 1
=Bl (35) 3 2 3 3 4 3 3
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RANE &
Table 2. Comparative result of state evaluation indexes
2 2. WS IEMRE R EE R
fabs HIE BBt BIE kD ME O AR B 3E CPU L BT R M ws B
B HUE  SREE OEUE ObsR Be HE e MR OBRE MR ORA R Bl 5
FL Y HL 1 7 5 1 5 7 1/8 1/3 5 7 7 7 8 8
SN 17 1 5 ur s U7 1/9 U7 U6 3 5 1 3 5
F Yt 1/5 1/5 1 vr o ourouv 1/9 17 1 5 6 4 6 6
P =Pt 1 7 7 1 1 6 1/8 1 6 7 7 6 7 7
Fe EH G 1/5 5 7 1 1 112 1/8 1/2 1 5 5 4 5 5
Ak 17 7 7 1/6 2 1 1/8 1 5 6 7 7 7 7
IEfRENEZ 8 9 9 8 8 8 1 8 8 9 9 9 9 9
e B p 3 7 7 1 2 1 1/8 1 6 8 9 6 8 9
CPU i/ 1/5 6 1 1/6 1 1/5 1/8 1/6 1 5 5 3 5 5
AT [A] 1/7 1/3 15 U7 U5 16 1/9 18 15 1 5 1/4 5 6
g A 1/7 1/5 e U7 15 17 1/9 19 15 15 1 15 13 13
PRIE IR 1/7 1 vs 16 U4 A7 1/9 16 13 4 5 1 5 5
EREI 1/8 1/3 e ur  uUs U7 1/9 8 U5 15 3 1/5 1 1/3
Eidpa 108 1/8 1/5 e U7 15 U7 1/9 19 15 1/6 3 1/5 3 1
Table 3. Dimensionless of forward indexes based on VCM
% 3. EF VCM HIEREEIREEMK
{RA1%5 E 2K
fatr
220kVEZER1AE  220kVZHK1IBE FAAE FABE 1I0KVEEE 110kVZEHK1  110kV 42
HYR LR 0.3723 0.3799 0.3837 0.3761 0.37382 0.38218 0.37762
T“’T)f’ﬁ‘“ 0.34079 0.36842 0.38684  0.43289 0.39605 0.36473 0.34815
P YRR 0.37819 0.38614 0.36381  0.37062 0.37441 0.38989 0.38202
P Bt 0.7049 0.01382 0.06408 0.7049 0.01719 0.03357 0.02274
F B GG 0.30505 0.40346 0.40346 0.30505 0.40346 0.40346 0.40346
Bk 0.37403 0.337 0.42022  0.42022 0.37403 0.337 0.37403
Eﬁﬁgﬂ/ﬁ 0.35066 0.35066 0.40918  0.34084 0.40918 0.36826 0.40918
B H 0.28949 0.34626 0.43071  0.43071 0.34626 0.34626 0.43071
CPU i 0.38306 0.3815 0.37006  0.37214 0.37942 0.38046 0.3789
BT[] 0.35923 0.35923 0.35923 0.35923 0.35923 0.35923 0.47511
KA A 0.46946 0.46946 0.33349 0.33349 0.24752 0.37105 0.37105
W85G 0.3754 0.3754 0.37071 0.37071 0.38073 0.38542 0.38691
SE Rl 0.32884 0.32884 0.32884  0.43492 0.43492 0.43492 0.43492
E e olli'e 0.37469 0.43609 0.37469 0.37469 0.32843 0.37469 0.37469
BT ST RE T EEME .
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Table 4. Weighted rank sum ratio distribution
= A MERFILE 2%

TR IH TR E AR

220kV &% 1B E  110kV 84 110kV k2 110kV&K1 FEAE  220kVEHIAE FAEBE

aRSR 0.2338 0.3904 0.5289 0.5594 0.7362 0.7569 0.7899
f 1 1 1 1 1 1 1
>f 1 2 3 4 5 6 7
R 1 2 3 4 5 6 7
(R/n)x100% 143 28.6 42.9 57.1 714 85.7 96.4
Probit 3.9331 4.4319 4.8211 5.1789 5.5651 6.0669 6.7991

Table 5. Grading results of state evaluation based on weighted rank sum ratio
2 5. ETMAFKFILL RORASITME 4R

Z=4%  Probit  4RSR bRl

JPHE 3.5 LR <0.0339

SH 35~  0.0339~ 220 kV £k 1B BRI, 110 KV BHELRF.

R 5~ 04885~ 110KV ki 2 TRy 110 kV £l 1 4R, T8 A BORY . 220 kV 4tk 1 A By, 1 B By
K#f 65~ 0.9432~

5.2. EFMRFEMEL RS
e 1B R F AT IR AR AN Lk dE AT o B, Brfg g Rk 4 P, FAh 3 96.4 (1—4—1njx100%

32 FAR SE AT E] VA 40 W45 5 2k 51 7 2 o RSR = —1.0270 +0.3031x Probit (r? = 0.9777), 75 4 #7
57N F =218.8944 /K. P =0.000<0.01, it oRSR Al Probit 4 AR A my, FroR 4t =1V J7
(EE ST E

S TCHR[15] [16], HFUERTRE SN R FER. FH. M™H 4R, HERWE 5 s,

5.3. RS RAVEIE

ARYESCHR[15], 04 5 IR SRR TR A — BERGAG, 22 Bartlett K056, 52 ) = 0.0089 < 435, =3.84 »
W P>005, JiZE—H: X 21 aRSR EMETEGH, Foyy =13.265> F ) =6.608, i P <005, #%
RURIZE R s 0h 2 REEEAT IS o BXB, Qpps) = 7942 > Qe = 3.2, P <0.05, BEMIHAY L M2 57 H
AR, HEE>RE. & R, UEE 5 R AH, RIS 7 ik e i ot 4k s 4 1tk
BFBHER VRS 45 R .

6. 4t

AR SCAESI AT 4k LR ORES TEAR AR A UL TR AR 0 Rl b, R T — PR TSR G AU SRR Lk
fRI4k FLARPOIRAS VPG T 7. 1077 VM R T VP A PR R i A A Hp, SRR T UL s B 11
JRI PR s R R R Lk 545 A B ARG B T RIABURRAN Lt 4k B AR ORAS AT VR AL, 45 5L T L 2 01 5
T VTG R S R — B AR SS, GESE T AR BN S R E R A YRy ARSI 5 R R
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