e ) 6 & ¢ & &

Electric Power Automation Equipment

$£38% F7H

Vol.38 No.7
® 018578

Jul. 2018

T IE B - GG B W PIHLEE I %

AL AL BT RER KR
(1. ek A KRS FBRELARZABRETEEEE, T K2 071003;
2. BMFEHL L AN ZRFHAFARE, FiH |T 810000;
3. AT AHEAANT L TREH AT LT 102200)

FE 4T 2T FAALAR R R @ s 69 S5 AEZR IR R o Bit SLAE A2 B A Al ] 29 09 R, 4 — AP AR T B A A
GG(Gath-Geva) B £ 49 Rl AMLLIR A 37 ik . ARIE S BN 3 R RIS 6 2 ML sh 45 B AR % R
BN R R B3Rt R A R A Y e tn S 8 T SR RN ROl R B BER R AR S R ey
WS E B GG B R A kAT RS ATRIAR K, #F IEEE 39 % & & Sfo X X1 Mt 4745 A&, S 41
ST 4R F AP IR T ih AL BARAE SR )G R RAL Y 15 8 09 T AL B AT o) A A8 B | 52 IR AR A2 A 04 ) R AL

BEIRA

KR : FURAAULL ;) 3Nl & & 4 ;) ol o i BRI ; GG R &

FESZES . T™ 743 XERFRINAD A

0 5l

1 [ A T AR ] v R AR A R SR A P v
AR, A ALHR I R o B, 4 ] i 15 8 A B 22
Do SR, BEAE L RGN Kk R, RGN iz
FrRZS o MOk B A2 2% | 175 22 G2 10 3 A58 E 22 42 W)
B 528 ) R G2 B TR A SRR
USRS R I e e A I 5 T 18 4T R 98 22 ) Y B
AR AT AR AR R B e B A
b MRS REYERE A B RE I, T AR SR AL
e 8] 3 AR 23 R DR ] 5 3 194 A 91 42 o 95 i, o R
ARG T A HL OIS | s A T AR A
BRI ZAh , RGEBAGIE R, o i1 L M R e is 1T
F18 S ) 7 43 BT 70 ke ok PRI, 5 24 S5 V3 o oK A1
TR GG R g e T g P R b T
TS B A O BOR A AR [ A L 2H
RES

WEE R 2 I B Y & [R) IR AL e A T ik
JRIANTS , E2 o AR LB IG R GUR S HE R 70 #E |
I F HLAR X BE f2t 70 1 R A SR G 1 2 B0 00 A
R A MR IE ML R 4 2857 55— KL
BEXS R GEIATERAEA TR A AL B] ) [a] 9 U A A
5 2R DTIEHAT R BOE I, (B RS R GEBUR Y
RS RS A T bt v, BEAE T B0 & R 58 WAMS
(Wide Area Measurement System) )& 6" | &4

Yrfm B #8:2017-06-12; 1€ [ B #:2018-02-07

EE£WMB - BRaKXAHZEALFTEAR (51677071) ;B R &
R G A H A B (XT71-16-034) 5 % 3 F Kk KA A1k 4
% £ R FAF 3R B (2016MS130)

Project supported by the National Natural Science Foundation of
China ( 51677071 ), the Science and Technology Program of
SGCC(XT71-16-034) and the Fundamental Research Funds for
the Central Universities(2016MS130)

DOI:10.16081/j.issn.1006-6047.2018.07.019

K HL AL AR B S R B R T it TR et fifi 45
55 =IOV R A W R R, N T S RO R
K AU SE R B A RATIR KA 52 &
ML HOME FARISE . L, JE T o) e ih 6
SI T IR I R 27 DG

S5 PSR R B S RIS R
I7 o EPRPRRE BRI, SCHER [ 9 ] %2 #4042 ith 22 1 Jm)
TS A AR S BB EA T IR 25 A AR
b ABFRAE S AR R U — | TREEHEARAS BEAS 58 4 S it
PRI E , SCER[ 10 K i S B WL S 50/
PRI S [ R LA 2 RO B | FROR
5 AR ECA I (AR IR 2%, AN RE S S SE R A
Ay RE, SCHR[ 11 ] A WAMS 58009 R 48 & Al
Ui (e B AT = R B & JE il 4 Fréchet 25
AT, FRARREAS SC B 2 R G0 1 S o0 L (HL
ANBESR PR M 2R R R AL | A et SRR N
BRI, 3 1) 5 B — o B DR ek S5 B 4 1T 1 R e ML
IR PEIE R R R IO 7

ARG AE L fp, I K (% M
FEOE" TR S (HIX sy B 4%
B, AETE AR BORANE | S A BROB A 1A
KA, GG( Gath-Geva) RR W IAM K ¥I{H
AL RS e ALK A T Sl 5 BE B s A
RIS, YEE 4 AR IRk % B el AR B
PIREMERMIR G, AN A A T NI A BT K Y
P RS R ARG 5 2 N AR A, AR 4F
WAL 75 SRR,

A SO INE BRI RN GG B AE A 25 A 1R
FIEMLL . B 58k WAMS SCH 3R B & B WD) A
58 KRR S R G AL AR R AR i L AT /N
fift , A5 BNAS G R (/N R0, SR THE A/ N &R
BRI 1 25 RUBE /Nl ASOR 5 1 A & F ML )



%78

E O, R TNEERI- GG B R ALEER ) 141

IE ) i, WE25 T8 T T A 40 422 10 4 1) 38 A R SRR AIE , L
T HANTT R AR, Rl GG BB R
PO HA AT RIS, TG RIEN] T A km
AR,
1 EAMEX

RENAEZ BN G, BRI R EENLH
MLER I — BN S B FePE SMER I A LT
R 2 SRR AN
RSl 2 & % H MLz (0] ) ) A B, Ly ) 25 /)N
DU ) P ki, A S DR 55 (R RIAILARE () L 2
ZFRE, e I E O

M,=max|A8,(1)-A8 (1) |<e, =0 (1)

Hrr te [0,T],T HiTEI A8, =8,-6,,, A8, =5, -
80,88, I R AL i, j BYSEI DI AR L8, .6, 70 il
HREBHL L, jTIARIE, AS, (A8, R & HL LT A 11
SR ARG s o A 2 WAL (] [R] VR R B2 1) 3 (L
& /N HLZH [R] R B K] o0 R 4

AEFRIE 2 &5 & AL A 22 AR /N, (02 D) $2
PRl AR R A 0 25 S ANAR O, HE [R] R AR B R A%
Ao PR, 2 B AL IR RIS 1 % B AR S | R 7
SFAEME e [0, TN .

SL:/:min{ l:;f;( AS,(t) - {Aﬁj(t) )Zdt:| 1/2} o o0

(2)

Horh ¢ o 2 A KA HLIRE AR R B0, FmT LLBUT AT
TR S, /o XF S, KT

dsS; ~

—=0 (3)
dt
CIEC Y@L CEwR
fTéi(t)é}j(t)dt
[="F—— (4)
fo(t)dz

i (1) Mt (4) A SO HLA R 983 51

FHEE LN

aM +BS;<e, £=0 (5)
Forp o Jgdm Rodme /N U LGB 2R 880, B R AH S A v )
PO FR A, AR SOR % WA Wy o T i—— W ALk
T 7 e Rt/ N SN 5 R S v D A L B R K, B
RS ILICHR[ 18],

e 2R A, X (5) HAEAE W] 98 P 1AL 45
A RNERIRS B0 AR E 00 BEAE S AL W] 94 23 7 J7
o R NEEE A LR 986, TR R R By
FeAM K IFH ¢ MTHE A B4 R iz debr B 4%
T RGP Z 1] A [l P AN BRSEAY

2 INVEARRRRE R E SR B

2.1 INESD R

HL O RGN ) M 3 AR i L 2 JE vk R
T fF 5, AN Re A% G0 1Y 08 5L it R e A7 A B /)N
53 gk 2 LA L b A2 48 Sy B it SRR R 1Y, v iR
AR FEL e S AR TG 1 X I e R R — o R
FRY B A3 A 5 8z I TR RS A T i
fEFRELC"

TEIESS /NG it by ATAR 2243 B3R 03 M 125 1]
V. #] LL i RUEE 725 6] v RN 725 18] W Y IE
SEHKFER, B V,=V_ @W_(jeZ),

ik 22 R /INIE O3 fife | DA 4 43 M 2 Bl o0 il
ZAWRBE, AR 3 (RN ) FH Tl R B iAok %,
AR A3 (/N RUEE ) T 20 4055 15 2. R 5 Y IE
SN IR RN

f(t):z aj—l,k¢j—l,k(t)+zdj—l,k () (6)

;H\:Epygoj—l,k(t) %Rg@ﬁ’lpﬁlk(t) ﬂglj\&@%ﬁ,
a_,, AR SHE PR 2T R EIL R BB RS
MRS  d_, G STE B 27 T &
BLE S A G S Al R AE, PE SRR /N B
2500,

R TSI T, R /N Mallat 43
B R RS S TN A R, R ER (R
BN RARIES, 18T {5 230 A — AP 3 8 I # A =
SR8 & G s N =S B I (=D S I | R (=0 < SR 9 5=
oy, ARFRES f(k) (k=1,2,- N, N HFE
SR T f k) W] B REAS 550) 1 1 /N 53 i
Mallat 3501 °F AFs

a;=f,
i~ 1
a;l: 2 aln hn—Zk (7)

= S o

HoHr b,y R AV U8B A5 T DR R B g, A R U
IERNS e SR Dl 8
2.2 KA

SRR 2 X0 T ABLRT A B A 1) — bl i | i
i IR RAEAT 5 T A FL Mk B 52 R R BE ) AT 43
Prinf ] FR o 05 b e i A5 8L, B ARG i B E 1
R — 2k

BB R EALBRINE

a. WRLGR N e RFIIE RN X =[x, ,x,, -,
xy ], IEX(0)= a2, 9"',xi+m—1](1<i$N—m+1,/E\:
Hom R ALERL)

b. FHEREAS X (i) BYBIME

1 m—1
N ‘ 8
p(i)= - 2, m, (8)



142} & 0 8 % w it %

=38 %

e B2 MEEAR X () R X () Z AR R T R ek
FAER 2 DNHEARZ B ES .
di=d"[X(i),X(j)]=
max | (= (i)) = (2D [ (9)
TREAD X () SHREARREE 4
d. E SCHBLEE R K
D;=exp[—(dz;'/r)2] (10)
Horp r AR,
€. %XIZ@&

1 N-m+1 1 N-
® " N-m z{ (N 2 D”) (1)

-m + 1}':1,_/’#i

£, A5 BB .
S;(m,r)=In ¢"~In "' (12)

2.3 HFEREX

SR B R 6 D A A BB T LA
IR D) SR BB FE 4 — S ROBE SR 9 45 5L, Jo ik e
LRI M FR AR I R AR Y L SR /N D AR e
SIHLA DI AR B R AT R AF $E R, (A5 BE /N 2R U
BTy F PR i £ B AR A R B /N T AR R
W T ) F PR AR I 2 0 SR BRI RR A PR 4 T, SR 2%
sER RS,

XTUIARRAR NG (k) $E4T M 2/ i 55
B 2 A4 B, A5 B M Y R T RN C,,
Co oo Co T RECA Cyy (Coy oo Cpy s M JE/INE
AR A LU 1 TR,

(€

1 INESRRREN

Fig.1 Structure of wavelet decomposition
i—f%:/J\?ﬁ /% ;E& CﬂM N Cdl N Cd2 NN CdM E/‘J *ﬁ*’ﬁl}:ﬁﬁ ,
It HARA /N B AT HE S, A8 R[] 1 AL 2H TR
Il /IR A )
Se=0[Se0:Se1> " S ] (13)

3 GG EMIRE

F YL T fh R i 2k iR R R AR 2 B0 2 1)
DXy rp A EE SRR N [R], SR ISHE B A A — 2
SERRIE A, T LIR A& & T AR EE 734 1 GG

2

OB 2R 208 B30 vk XoF Iy o 428 o 4 ) R A 1) St AR AT 40
B, T4 i R >, GG B AL A
AR

a. WRGHA K G &L, 14 IR A R
X' =[X,X,, -, X |, BREAR R — G KB FE
IR RRIE B RN N B K ADMFEARR 0k €
A RIS U, HOUR uw, (1sks<K,I<i<
C) R b DFEARBL R 205 @ R0 T REFR
i 12 .

C
ou,=1, 0<u,<I (14)
i=1

b. WA R R U, BOE 4 I HEME p,
c. THRARAFRIERE O

K K
V= Y u Xy Yt (15)
k=1 k=1

Hodr n IR AL,
d. TR BB AR

K
2 (ul ™)X, - v") (X, —v")"

k=1
K
Y (ug ™)
k=1

SRR I EAR G2 R RO 5 K BLIR A,
THIEE

Afn) —

(16)

(det(4{”))"”
Df,f(X,l, ,vf") )=——X
Q;

1 - n
exp [ (X)) 47 (X,

(17)
R T T

. TR A U

uy! = 1 (18)

C
> (DX, ") /DX, "))’
j=1

£ R || U™ -U" || <p, sk ),
n=n+1, 4KEER

WIS EAE R VM UL HARREE J(V,U)
it /IMHE.

C K
J(V,0)=3 Y u,D; (19)
i=1k=1

4 HARVEIRAGE

XF K LRGSR, B 6 & HHLER S 1 AH 0 & R
JG PMU ( Phasor Measurement Unit) , WS SER} &%
HALLI MG R T EER R S



%78

E O, R TNEERI- GG B R ALEER ) &

[l R AL TR T
a. XTUIAAE SRR S A Bl 47 o) 28 Ak
HUATEN K L) A SE I R R R X

6,(0)  8,(0) 8,(0)

5.(T)  8(T) 5.(T)

§.(NT) 8,(NT) - 8,(NT)
b. FHZ(7) XEERE X e 5 (PR i=1)
IR M2/ . 45 5 1 4 2 ST 91

Co AW REUFHN Cpy (Chy oo+ Coypo
c. T M+1 AN RSB C,,  Cy Cp
<+ C o BRI Fe 8 B AR 2 e R 28 L2
AR AAFIE I G =[Sy, Sy, o+, Sey |, IF HAS
FAsA—Afe b B

G _[SE07SE1"“7SE1'LI] (20)
o G |
BREVEE, EEZLE b e, H
SRR TR IR B R G T A LA

d. U i+1
T A R HALE
RO ) 5,

e. X RGHLAFRAE ) 1T GG BRI RS, i
T A R ASHEEL, UM [RI AL

HLAH R EHR S AR N 2 s, FEE R S &
Uik, B0 10 ms BERTDIMAEAEE X, R
BRI D fafE BT 20 0 BEES SR, 0 45 S B A 5L
55 P22 19 W T S RS ) T, DA S B S B A 2 [ R AL
HoHt.

i

SEI A% RS A
TR RS BAERE S

XHERE S 5 & 51

Ly I AT T

ARFRIFHEAT /N
o fi

BE R
BRI , B & 2
R HHUEAE

Y

KM GG BRI
SRR A

I AT IR T

B2 #ARPEIRAFE

Fig.2 Flowchart of coherent generator identification
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Identification of coherent generators based on wavelet fuzzy entropy and GG clustering
WANG Tao', YANG Yue',GU Xueping' ,ZHANG Xiangcheng”,ZHANG Wenchao

(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,North China Electric Power University,
Baoding 071003, China;2. State Grid Qinghai Electric Power Company Economic Research Institute, Xining 810000, China;
3. NARI Group Corporation Beijing Monitoring Technology Center, Beijing 102200, China)
Abstract: A new method for identifying the coherent generators based on wavelet fuzzy entropy and GG ( Gath-Geva)
clustering is proposed to solve the contradiction between unilateral feature extraction and complex computation. The
power angle swing curve obtained by the wide area measurement system is decomposed into the overall trend infor-
mation and the detailed information by the multi-scale wavelet decomposition, and the fuzzy entropies of wavelet coef-
ficients at each scale are calculated as the eigenvectors of the generators,which are used for coherent clustering by
GG fuzzy clustering algorithm. Simulation is carried out for IEEE 39-bus system and a practical power system,and
results show that the proposed method can update the power angle database according to the change of power angle
after fault,realizing fast and accurate identification of coherent generators.
Key words: coherent generators; wide area measurement system; wavelet decomposition ; fuzzy entropy ; Gath-Geva
clustering
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Diagnosis of single-phase grounding fault with line-broken in
small current neutral grounding system
WANG Shixin' ,ZHANG Huifen' , XU Bin®, WEI Yajun®,LIU Zongjie’ ,HUANG Tantan'
(1. School of Automation and Electrical Engineering, University of Jinan,Jinan 250022, China;

2. Jining Power Supply Company of State Grid Shandong Electric Power Company, Jining 272100, China)
Abstract ; Considering the characteristics of loads, neutral grounding modes and transition resistance, the feature of
single-phase grounding fault with line-broken in small current neutral grounding system is analyzed by using the
compound sequence network. The analytical results show that the variations of amplitude and phase information of
zero-sequence voltage under different influencing factors are obviously different when single-phase grounding fault
with line-broken occurs, according to which,a fault diagnosis criteria of single-phase grounding fault in small current
neutral grounding system is proposed based on zero-sequence voltage amplitude and phase. PSCAD simulation veri-
fies the correctness of the proposed criteria.

Key words :small current neutral grounding system ;single-phase grounding fault with line-broken ;fault types ; zero-

sequence voltage



