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Optimal placement of traveling wave fault location equipment for power grid based on genetic algorithm
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Abstract: In order to improve the economy of the power grid traveling wave fault location system, an optimal method of
power grid traveling wave fault location equipment (TWFLE) is proposed. First, configuration rules are established under
the constraint relationships TWFLE initial configuration, and then genetic algorithm is used to optimize the initial
configuration, the solutions of final configuration with the same number are selected based on large redundancy
configuration. The configuration process and optimization effective integration process are combined, which can reduce
the scope of genetic algorithm optimization and thus improve solution speed. Simulation results show that the optimal
scheme can reduce the number of TWFLE without influence on reliability and accuracy of fault location, so it can save
investment effectively.

This work is supported by National Natural Science Foundation of China (No. 51377012 and No. 51207013), Hunan
Science and Technology Major Foundation (No. 2012FJ1003), Natural Science Foundation of Hunan Province (No.
13JJ6044), Key Foundation of Hunan Province Department of Education (No. 14A002), and Industrialization Cultivation
Project of Hunan Higher Education (No. 13CY008).

Key words: traveling wave; fault location; optimal placement; genetic algorithm; redundancy
SCHRBRINAS: A RS

PESES: TMT6 1674-3415(2015)03-0077-07

0 35l3F
BtiE L R AV ENLRE HAR K S R E,

EEWH: BRaAAFALFA (51377012, 51207013);
W E A E KL R (Q012FT1003); # 4 8 RAF AL R
B (13776044); #d A HF/TEETA (144002); AdEF
HBELAIEEF R A (13CY008)

5] Py AN 22 RME A 6 e A 70 e A B AR
HEAT TIRNIRIRIE T2, [ IS A7 0 5 o7 25 gk 4T
TR EAL Gy X P A 2k
% A 8 R ] B g B O A T 90 A o SR A R A T
FENT, YA E AN, AT EENE S AR I LR
UE, 1 H A AT e A2 B R SR R A
Wi st 5 A7 FRURGVRE FEE o B HL I R B ALK

A 295 T F 2% i PR I 1 P IR Uity AR A T



_78 - CE R R R EEL

AR CLZE AR LA A AT D HL R 22 e e
AT H kAR AR o BRI, T AN L R ) e AT
BOEN LMW SRR T TR TARF RSk
W o EUARIET- 4 100 (04 T8 5 A7 SV R ARIE H
IR 2 i A W P S i R A T DR PR B B R
RN e e T [ 4 P (B 2 VAP B S S
AR B A T E AT, X BN R e 4%
TEMA . DAL, ATl 67 2% U0 A P 5 7O
TN Le AT E N BRI R R JT 12—

AT ORE L P B A TR A R ST 22 DR T
FEVE, SCHR[7IAR R 42 A2 Ha ot AN B e 4020 By
&, R AARANR KR T AL i, BAT—
SE S E, AHZ5 AR E PP BCE N U0
SO N (e VA S o o (L X VA w AL
BOR, BN, HBCE S 002 6 il A R )
NN DR, T e SUAC B AR AR
SCHR[STHRAEA T IAE L W b A Aan i) B P 2, 38 ISR
KA AR BRI E 45 1, M ESTIR[71 A
LRI E T 5, (HAFAE 2 PRI E T N, W]
BATIER T BATHEE P U] SCHR[9MBUE Ze it
R, R DR P R 2R R ) Floyd SRt 45,
BETAR A T G B AR B A e IR
THCE A I Z 5, E IR AT 2 A 2k
HEACSEATIL N, TR Floyd HARtLM &%, ol
BE PRI SCHRI1014 H T V1 Bl 2 v ok
RIAT WA A E L T3 1%, A% TTIEAE IR K
BRI T, R AT QR et £ A5 2 A 45 21
HATBOS A Sedt, EIE R BUR K52 A7 5 E
R P SR T R BRI R, SRR S 2 8L
UEVEIEN IS

ASCE RS IR TR, SR TRl
P AT SR TR T H P o 2 R PR e A i e A7 2 ik
ITACBCE R %, 207 kR Rtk IR AEALC
BSDAFAE TS . N G2 M AT e AR
WRWIIBIARGIEE s FSIATURERRAREE G 73T
MlC B 2 S SedE,  FEAr A B4 H AR
EZRWIE Sk pu R TR SR I VI E R4 /WA E SR
L E R 5E . BB R,

1 BARFHERERMTREST

1.1 BARGFAIMED

FITUE WL 70 2R G (1 ] PSR (A2 AR Ge T AT [R5
HEIR AR RER L R B R Ok, A Ryl
FEFiE L R T ) SR A T AR 5 B REBE A7 R Gk
WE, FEEE R R,

AR IO L, LR S5 TR — N N AT

LGRS HL Y 5 v AR FLt )b 25320 (s L R 45 7
IS BB BRI G = (V,E) » Jirb 7R
7~ B TR AR B AR 25 (AR i, E 3R
(0I5 5 RIS, P R0 A R 2% Tl LA
PAEe—rNETEG=0"E), FHFAREXR
V'eV, E'cE. WMRNETEG 5E GiLFEE
KEV'cV, HETEHGEETE G M
mh WRZ ARG .
1.2 TRESH

X AT S 5 H0BE AL I 2 K Wb A T
P EHEH B ICE T S, A RO B4
SENTHEE N T ER e B I E T I eI A UR
JBEFR AR, DRI SOMIMIUARE N

L
R=Y Ve ()~ L ()
k=1

Kb R FRMITCREE; L i 2 & rh S5 i
o H Vv, (k) Ron SOk AORI Y ICH
k=1,2,---,L,

TUAR PEFRPR AT LR T BL B T E I SE e
FREME, TUAEE UL 28 v BT S 4k o A ARG
Bz, wEETES .

2 TRENMNEENVITEERE
2.1 TR EMNEERENM LB E X
XN N SN RS, 17w A3
B E A ) AT e SR
Min J ;xi @)
s.t. Uu =1
K JRRITWEARRENNEG U, =1 R k
TR i=1,2,---,N 5 NRRNRGAZHEE
x, AN THERAR R, x =1 KRN RCEATIOE
e, x, =0R T i WARCEATI E AR
2.2 fTIREMNEERLEREREN

AT E A7 25 B O 1) ] A 2 MRS
TR R 1) R G PR T
P ERCESOH S fe; 2) LA T 2 i R AR
Wi J Re AT VA ) i s e £

HRE E IR PR AL RS AE A SR 1) F R i B A T
8 A 2 T ELAARTC L SR G0

1) G S AR sl 5 e A AR 1 AR i A HOA
N D2 AR s A ZRTC A T U R T

2) A 4% 4 1 1 i P 208 4 A P sty R i A e
FA) VPR 32 g 2 FEL 3 A Z TC A T8 o R



FEL %

T SR ) P P R 8 A 2R K DA P =79 -

3) W a FIEA b AN AL W s
N RDENLE b BAT IS B E A RRAE T A a A
S TP
2.3 AREXANXREL
(1) TEBORBRH RS 4.
XF A e E MR e X
1 m=n
A, =31 1 Rm AT g (3)
0 1 m MY S n AN R
DL 1 AT~ 5 110 kV 9 g5 46 A B4 T4 T e
P72 L AT

1 F110 kVE ML
Fig. 1 Scheme of a 110 kV power grid

JEMEHE P 5 X IRIK A,y IIRE SCHE A B — 2 1)
FFE R BT SRAG ORI 4, A 1R
UM ORIBRALRE, kst

X, X. X

=
=

._
()
w
N
w

X

—

X,

X

—_— = = O
(98]

O O = -

—_—— OO

-0 = O
()

0 1 1)xg

(2) HRHEAT R o7 2o DL I B ) A S B
HilE, LR T LS e M
Si=x=1
fy=x+x,+x +x, 23
=% +x+x,22 “4)
fo=x+x,+x,22

—_ O = = =
N

o

fi=x+x,+x, 22

AN £ =1 B AR Lk (5 AR HL b AH 4R
(172 RS RICA 1 117 P St 0 25T AT 8 A T 2
AN S, 23 TR 1L 20 30 5 LR EE
3 SATIOE CLBCEA AT A 2 AHRR RSB P
AN S, 2 2R/ T 20 30 4 LRDERLE 2
EATIOE LR E A BTS2 3 AHABI S, A
G fy 22 FORAET 3, 4. 5 ERDERE 2 &
ITWT N EA AT i 4 MBS T, A

i fo 2 23RN 2, 4. 5 EEDERCE 2 517
W e EE A REAE T A 5 AHAR A ST W

R R (@) AT SRR x1=1, x3=1, x4=1, x5=1,
& ox=1, x=1, x3=1, xs=1, BIFEYTA0 1. 3. 4. 5
BG 1. 24 30 5 Ml EAT WOE A3 E A A S R T

3 ETERBEZIMNTREEMRERERR
R L

3.1 BEFEE N
WAL 5 (Genetic Algorithms, GA)/& T 1975
4 1 Holland #8725 AR 1, @ B MdE
SRIALE o 1 354 R A S R 7 T 1 i) — A BEAT LA AL,
Sk, A2 BEAUUN L BURALEL, e
g HEASE QA 2N . AR
BT YR “EF AR R, R,
AL MR AN T B P A0 SR A e e B DT o
FEA By ot O X ) S H G 5 e e (A 04T
BAE, MALSEAS, 13 GA ARERBAR K
PRI . @ GA $Z I RIS M R AR K —NME S
THIG, AT IR @ TEH] 2 H bR 2
HYRRA NG R EAREIHATHRRE, ik
KN BN RSB ATBE o @ SR FH BEAL L H AL
i, RS e . & GA R4 R R AR
e TR R I 2% ) FEUFH G A I L )
3.2 RBIREmED
F BT HE N e B G EIRAS AT LU 0 51
FoRHBCERE, 0 RREAMEITHEN R E, 1
FORBCE TATHOE N R, I LAGL ARG i 7 2K
k0720 RGN AN G T R ORI K,
REANFERIA B Y g i 7 AT E, X =1380R
WRUIEE T A TPl ERE, X =0&RT
MERIEM R E (1 =1,2,-, N )o WREEATI E LT
SR DI P . ) R P AR R S5 T P AR G R
ANEG R gD, RO —4E I S
BUERAEZ 08 1, —HEdlgmhdan &l 2,
1 2 3 . N2 N1 N
[oJ 1 Jo] . JiJo]1]
2 ZHH AL EE
Fig. 2 Code diagram of binary

3.3 AREHLAIRSERNE EE

X ATV e A7 26 B AL )8, FRAT 102
WE TR AL, 1R RS AT S 1
MR AT A AR AR I o 7EC B AR P 0 A AR
AR ARSI S, ASCER R R TR
Bl T RATIE S SR VR4S AR N EeEAR




-80- CE R R R EEL

RSB BT IE RS R 2 1) R D9 HURC
1 ST RTINS, hAcE TSR ETLL
A% 6 I K G O AR DR A7 B 5 v D175 AR
Je PRI AR ST A PN ATR A, I R IRAN
ANE ST BB AL PR, HEN LT
AR IR RGBS AR, AT BOE 3
(FIC 5 SRS PR EL A A I AT TS o
IR B RS T R ISR AT H AR, BIEEAE
PR TBOE R B AR BN, SR AL 2
B i RE A TR T S e e IR S RO
PRECAH IR RAEIRIUE, RGN R K B

N
F:Cmax _CIZXi (5)
i=1

e Co RN A NI A TR I8 Y. 5 pRy
BIMERT 05 C Rom R — Ll R 2.
3.4 BT BREEZMITEEMEEMUEESER

Kl 3 et T ARSI AR B R, AR
oAk b B U,

A L AR RGN TT RS, AR
SA R R LS BEE s, WEBEEIESHA
RS MORE EARIAR CANA m, SRR IEAT AR
AT OOEIRECH T, JEATPIE Z A28 R
%P, FBEMIESRIOME P

IR 2. AR RKIFAFHI UL R A P 5 1)
WILEPPEE, R 350 G b0 s T 1A T i 45
B, FINAt=0, k=0, m DFEEAED A
x;, xiz, X o

SRR 3c AR m AN B 7R R
HF(x)), F(x)), -, F(x") BT, RS TH A3
(Y3 AR R A BRE AR T HE R

IR 4 FERHAT Y E BEERERE m M MARE R
T ABERRIACA, P AMARE PRI E SR

F@
po PG

> Fe)

T P R v e MR e ) EL A 3 I R e v () G
R AR, AP AREAR b A 1 AR f s L
R Zifid— B0 1 BVHAERN 1,

SRJG K — 808 GBS, B aAinr o b4
— IR R P AT RIS SR8 X

TS HER R A AR S e P, AT AR Sy
BE, A AR AR R — RO AR /N, B
PRUEFIEE R A 1 -

IR S KT SO AT RDWIIPE e H, B R

= 1729”'9m (6)

gGoe e W, WEDIE 6, HNEDE 3,

L6 We<T, Bt=t+1, k=k+1, ¥
IR 3, BT,

PR 7 X5 RIATAR ], B R
H—MI%E, WixhENENITE, HNGERE
ZIiE, MEXOOIHERENICRE, TURER
KT E N BT %

IR 8 il st s S A B I A E
%, BHER,

ST AR AL AT I A e A B AR

Kl 4 .
.#ﬂl

| @ABREARAIIE S|
RHL MBI, A R R A
TR E AN B

VHELAREAN A AT N
IR

ST

3 MULEERIZE
Fig. 3 Flow chart of optimal configuration

4 ITREMEEMUEEARESH

LI 500 kV 1RGN BIBEATA T IOE A
(WAL WA S0 Eb QAT H U W R DI K i S 3
S 22 ol g 2 i O S I REAS 0 R GE T A et
AT SRR E AL HIR Z R ] 4.

407 116.254 km

4 F500 kVEBF 454
Fig. 4 Scheme of 500 kV power grid



FEL %

T SR ) P P R 8 A 2R K DA P - 81 -

41 TR EMNEERLEE
4.1.1 ¥IPHLE
B 4 BT L I &5 ) IR R

X X X. X, X, X X X,
1 2 5

110000 0 0)x
1110101 0l
01 11000 0l
A=l0 01 1 1 0 0 0l (7)
0101110 0
0000111 0l
010001 1 I
0000O0GO0 1 1)«

FRAE SRIRAE B L S AR RS, R4y
RRFAN
fi=x =1

f,=x tx, +tx, +x, +tx =24
fi=x tx tx, 22

fi=x tx, tx 22 ®)
fi=x tx, tx +x >3

fo = x tx, tx, =22
fo=x tx, +x +tx, =23

Jy =% =1

XA R ARARAF ZIHIAR LB TT N 1. 2,
4, 5. 7. 8 HL 1. 2. 3. 5. 6. 8 AWHUMIHHTATI
ERZoRESS Ni]i W
4.1.2 WIMHECE T7 Rt

K EWIATCE T % 1. 24 4. 5. 7+ 8 4wl
TR (1,1,0,1,1,0,1,1), BAK 1. 2. 3. 5. 6. 8 %
55 4 (1,1,1,0,1,0,1,1), BUEEAHURE m =80 , ittfh
RET =50, & XMH P=0.8, &% P,=0.05,
PRNFE AL SR AT e A R B AL E B AR
X 4 Fos 1 ARG TIRAE, 192 HCE 45 Rk
1 PR 1 J B RCERH, R NTLRED.

FT1AITHENEEREAR

Table 1 Configuration scheme of traveling wave

fault location equipments

il - 4 o J R AT e 2 B LY
ED 4 11 1. 4. 6. 8
k] 4 10 1. 4. 5.8

M 1 RTRIE 4 Pros™h s ARG TBOE R B i
MSECEECN 4 65, TR VRDCRERR, PFrilgd
i 15 4L 64 8 B EATBOE MR B I T RN s 5.

4.2 BREARAED

X IR AT B B UA R HEC B AT E [ 3 D
(75 % 1 34T EMTP i 52087, Wil 4 78 8 Mg
S 1L 4L 64 8 AR AT AT bR S E A B E
FoE . B bd IXALBRER 5 O 40 km [R5 k4
LR R, BRI P AR AT R U i L
FEREAS AL TP AT ARG, DO el R L T AT A
DB 4 /A% B st ) ] AGrl 21 Rt 3 5 55 A
AAT NS BTAAH AR Lk R IF ], DL (] 1 sk %
2o AT A T T TR AT % A7 2 ARSI B R U
AT W BNILIF 8], AR e AR XU 52 (7 S0 # R db A T
SEAE, WO LT SR B R,

R 2 (TIRIESENAR A
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