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ABSTRACT: The sag of transmission line, which influences
the security and stability of power grid operation, is an
important parameter in power systems. In order to monitor the
sag of transmission line accurately, a novel calculation method
for line sag based on power frequency electrical field (PFEF)
inverse algorithm was presented. At first, a three-dimensional
PFEF calculation model was established according to the finite
slant charge method, in which the transmission line was
expressed with the catenary equation. Then, according to the
PFEF measured under the transmission line, the line sag was
inverted with the help of genetic algorithm (GA) under the
PFEF positive-going arithmetic model presented. Considering
the impact of weather and survey condition for the measured
data, a revised model based on least squares support vector
machine (LS-SVM) was set up. With this model, the effect of
outer factor to the measured data was reduced, and the
modified measured data approached the ideal value. Since the
revised measured data were used as the reference target values
for the inverse algorithm, the calculation precision of sag was
further improved. In the end, the effectiveness of the proposed
algorithm was validated with the test of a typical transmission

line in Yinchuan region.

KEY WORDS: transmission line; power freguency electrical
field (PFEF); sag; least squares support vector machine
(LS-SVM); genetie algorithm (GA)

BE: bS8l PLIsITEES S, MK 2
PREIBAT . NS PN A I, SRR T ST

EEINE - E KRR R v-RII5H (97335 H )(2009CB724500).
The National Basic Research Program of China (973 Program)
(2009CB724500).

S (power frequency electrical field, PFEF)i¥fiia 5 (151
WHEIr. AL i, BT ARKELmdL S
L UHEG N =Yt Y . ARG IR 4T 7 LA
SEIFI AR, 7 = 4B IR R T R Jt 4% S5 (genetic
algorithm, GA) G E]F LM RINTTE . 5 i HLIZ Il H 4
P52 A TR EE R Z R T A A5, SR F dpe /) 3RS RF 1)
Al (least squares support vector machine, LS-SVM)# 7 T2k
JEU U IS AR R PR G PR A8 TR Y, A48 1 S T B e &
AR T IEEE . K E 5 (R sz A D SRR Y
WHARSHAE, PR a TR . X LEAR N X
F B S 2 NI 2, 0iE TR ENE A R
KA Sk, ThULY; IR B RS AL
UK [ RES

0 318

B L 2 T R A T ATIE AT 0 T R
KR F M I AR s, Wik, &gz
A7 I S B SR I A B (R L P, TR AR AT
TSR 1 B2 1 B 21, (H o 52 4 1 A7 A RN EA 88
TR, PR SRR, fll: LRk
AR SLEET R, SERFLMK, RS,
SRS IR L, [FRE S SR kP,
RIS IR AT T RS I SRR, DR, AT b
N YR HEAT R I,  DUR {2k R 1) 1F 384T
AW AR 1A 1) 224

HR, oI i SR 3 B T S 2k
(PR T RE, T SREC R LR L S LR N Ay,
BTV S 2 NaEN, G218 47 0L T LUHE 546
RO HCTHTHEAT T 5T, 1 0 9 [ R R MR 1),



122 S R <E 1 R R = SO 4

%31 3%

R TV T BEUER AT PR H R L Rk
LS, MR, R X B R SR AR
WA=, FIHZ I AR MESRAF U S5 e S — 7
[A7, ] DATE 48 b2 5 il A s S I o 5
WRE, HI A R S I A R AR IR, 1T Ak
OO EEEDR TR E . A E 8RR,
T S PRI S 1T P A BE 2 S 3 ol ) I T AR
IE#]0.61 ml® ., SCHR[7IZEMT 5K 5 A48 2% 12 1] £ 1Bk
) P Jts 8 sk S I 2 B A 20 A I 7 B 3
N EA R P 2N . SCHER[8]4 HE X2k
SN B AR R REA T PR A, I UG A PR R A
THE S LR 1B ORYNEE o SCHER[O) I I 7 T 48 2o e
p RN v s e F s b e T TR L B R o =R 57
yIHE, IBAb, ﬁIﬁ%ﬁﬂ%%@ﬁﬂ%%@%m
positioning system, GPS)E #:llH Sy,
W 4 PR e SE I AT 4 I 1) 4% B ) T%WJ%,
{RARTF LG A R R R A SRR, st B it Uik
HH RN )AL S AR TR GPS B B g e &
b, RRNYE IR teAh, BT ET S, W
AR AL TR IR T, NG AN 5 (PRI
TAEE K.

FHORSCHRER I, CAN LRI 2S5, i
P =4 T o AR W] DLAER U R &
D TR AN, ROt ok, EHEASLTE
J7 ARG 53 A, T8I 37305 2 (8] A AH BB &R o m]
PLTHEAT 2 2L e . A SO 7 i 46 T
AR T EARA, MR T U7 T b SE I
B, A& Bhii L 5% (genetic algorithm, GA)X TS
PRI, b T % BB EAT M =B H
Iy 5 SR, ) A N S SR FH e —ofe
7 ¥R ML (laest squares support vector machine,
LS-SVM) &7 HFFR AN LIRS R R (A5 IEACRY, Af0)
SR E L FEALS AT S s o )b X R Ak
T Hy v 2 B HEAT VI SR I 52, BUE T AR ST vk
(R 25

1 WMBSL=HTINEIFHITERE

AR SCBEAUA PRA 2 v for B s TS 2 LI
=g oAt 1 N I AT S 1 = AR
FL PRS2 S AR RIS A PR K
PERULE AT o B8R T, R TC N 2Ry Sk oy
Hi, HBIALER S BN AX,, Ya, ZOAT B(Xy, Yo, Zb)o
A2 WA AR TC N ER PR AT, IER AT BT R Y

WNAT— 15 F (x,y,2) PR AL N
v =LjL (z(u)/ D)du (1)
4ng, *0

A g NN RWEEG L LB BRI,
ue(0,L); DAYy Y il

S

E1 WES&=%aigitERE
Fig.1 Three-dimensional electrical field computational
model of transmission lines

F(x,y.2) B(X, Y, Zb)

oX.Y.7)

AXa, Yo, Zy) X
9) >

z

B2 ARKENLBEAT
Fig. 2 A finite slant charge element

S PR A R L G e R LR R, R
HLAT B 7E 3 e AR B 4R A il e (R B ) 45 2
KA A SRR M AR
Jov N TR RHUESR, 1L EE
T E NANUCHEL 2 G v 22) (=1, 2, ..., N)s ARSE A
LTV R A0 SR ST LA R B P, G SR A R
JTREEI AT M A Z AT RAG T T 2 T
A I A 0 S LA AT LTS TR 3 AN T 1) L)
WIS E « E v E.:

y

o IMHBM X, -

D4
WE + Ft+G)

ox 47t£

8¢_ L Il(At+B)(y Y - mt)

2)

Ty 4ng " (JEZ+Ft+GY
(At +B)(z— Z, —nt)
j dr

&z 4n5,® (JEP+Fi+GY



%16

Mramss: T 7 dtia S i S e gl vF 505 7 123

K@ EAAS IS WICHR[11], ASCAFHE
o AN AL RS SRR 2 . 4
E =Eq+JE,
E, =E. + JjE, (3)
E.=Ex+JjE,
RGNS iR 7T eS|

R B ENRNE, . E,. E, 3.

B L L SR LI (1 B A T R T,
NI

O (h By h 822Zh))

gL, 20, 20,
(Zﬂshﬁshw) 1+ (L)Z (5)
g 20, 20, h=0

. 2 l ol
e Ly ==20sh(Zhy 4, 4B PR
g 20,

K TEEER: 2z 4 Z U7 ) BRI S B
HREE; g WP FE TR ) Y S
IR oy A FERATR NI

H1 2 (5) T DAV S 45 21 3 2 45 10 B 1R 0] sy
o XLk, IO L B AT R I g
O, RIS RS & TR I, KR
P P a ST E S PN RSAR L R T LI
=R A, b TSR S R R e A

2 BEFRNIRIZFEEHHINELHEE
EEZE
21 BNIRZFEENEIERE

Wi R B E L B R AR
W, Ja TEALSAE MR AR, 1 SERR I
R Z BT E AR E R . BR B T3
2 T ALY 52 U5 DR 25 R 5 e 3 5 A TE 40 1R B e
ST, AR S Ed 2 B R oK 346 R 7 1
AR K TG R AR I 7 IE S 5
RAER 5, DAVREA R G4 T =15 2
W e e o BRARAS O BB . i, ASCRH
/N AR SRR M AL L TR I BT I #81E
AR, HEBR PR DR 20 S B il 2 00 1 5 0

2 Fe AL (support vector machine, SVM) &4l
XA FRAEACTE DL, MR 45 40 XU fe /I Ji D) 5 v
() —Fh G Tt ST IR0, 6 T4 58 1 n SN L | 4
HHREAR TR, o0 (X500 (5, ) 15 X, €R",

yvieR, i=12,..,1, FIHAELIEMS (¥ AN
2% [ WIS g v R R 25 8], PR EAT SRk vk Bl U
X AN R HOHAT IR T
f(X)=w-D(x)+b (6)

. MEEweR"; b HREE.

LS-SVM /& SVM [—Fy J&, k4 SVM
H AN S R AR R S U A, IR 58 22 1 0 Rl
RRBAE A G EIA R, TS = R i
S SIORS . LS-SVM & XA A [m] )1 1) 21220

!

minJ=%wTw+%y;gi2, y>0 ™
sty =0'®(x)+b+e, i=1l..1
Krf: g eR", WAy HETTRF.

b SCEE LAk ) 5 N RS B ek, a0
‘Fﬁﬁﬁ

1 g 1 &,
L=—o ot+t— & -
2 27/2 1

i=1

ial. (@' @(x,)+b+e -y} (8)

i=1

g, kg W H 1. MR4E Karush-Kuhn-Tucker
(KKT) A4 E, T4 S p Ak 1 00 Fr) At b A

{bHOT o I’} m ©)
al |1, Q+y'1 y

A y=[y1,y2,...,yl]; a=[al,a2,...,a,] s I' =
[L1..1] s QW% e BFE B, Q,=K(x,x)=
D(x,) D(x) » HZEEK(,) Ml Mercer 41FH
TERA IR M FROFAEMLEIE RS, 7TH
BN RS SR I b Fla, TGRS IE
LURNIPY

y(x)=zl:aiK(x,xi)+b (10)

22 EZEI

FET LS-SVM 1 5 £ 143 f 37 0 o H5c i I 35
N IE S R, s B LN PR

D EPXEAFEIR SR, #ie LS-SVM & IER
R T B AR . AU IEA RN
SRR 1 TAT R A, S B R
ARGRIREE R 25 (1 BRARA

20 EERFRERR R AR, AR 1.1 ) = 4ER
T LA I A3 2T LS-SVM. IRk
IRE A -

3) e A IE IR R . AR SR e A2 e



124 S R <E 1 R R = SO 4

%31 3%

BRI B R M e
_ _hk_%F
K(x;,x,)=exp( = ) (11)

Ko LR, W St E A S A2

4) Xf LS-SVM & IEA A v (1) 1E WAk 245 y F
ERESH o BTG, DISRAH AR I 5
FLARH B, SRy Ao 1934825 1049 51K (0,
2 000)H1(0, 100). FYIEFHZR M,  LLRIAEH )5 AT
NS HEAEARAT 10 AR XS, £33y flo?
a5 o

5) WAL y Flo?, #37 LS-SVM A4k
PR IEAE,

6) FIH LS-SVM A& IEARRY, 4 SEml A
B IE N HERR A G R EASE R 25  BRALUE, 4B 3 BT

TR S

!

AL LS-SVM M 1E R

l

FEBR A P 2 A0
DU FABE RE IE AR

B3 ITIMBIFSIRIEERE
Fig.3 Weather corrected model for transmission line PEF
3 SH&INERREZE
AL SEVE R B AR S A W kA R PL
RS N E N e SIS E EAN = P VAT YN i 2653
ARE ARSI {8 2R 5 T AL 3 5 R )
0B 32-4 P = R NSRS S IO RT3 W S i
1M GA AN ZEANTE H AR e 0 BARRIA S, AT
RSLE 5% STINVEA LNk =l K1) PSY S g
TR KA . WL FVE IR, A2 XA ST
3ANEERPY, GEPHRAE R L I8 G B R
M ER, P mBSERT F8R, A2
AR S D) T A A SR B E SRR AL, B AR
F S SRR AL, R AR A By
% SINARSERAE, eIt L SRR R R R
REST, MRS B AR A BEAE A I i s i, A2
T AIG,  dERFREAR I Z AR
b P 3 e I S I PR IR
Ey=F(u,hy,) (12)
b Ey HEBR IS S PSS i 3 2 s 1) S Y
R IERAR s By, BRSO M R R
P S I AT HE M AR R L B R g B

it BARBVESZIIN] 43 LA LA PR

1 554 by, S H S 77 A BEAT S . X
b BEE SN N0, H), HihH S %EE
R, m.

2) N TGS, BTN R LR T RE,
HHERRG)TH 2 KT

yo M n 822 e o 8C2Th) (5
Ly 20, Ly 20,

2 y=0, 132 FLIRAC RN N IBAADE 2, 1y

2=l _Gogr (14)
2 g Ly

¥4 20 DU AR By, RONS(S) T

o = 2011 (28 14 Mopye sy
g 2 0y Ly 2

BRI, SRR AN, h=0,
%=%,ﬁu®ﬁ%%

_ 900 _cosh(L ] (16)
g 2 o,

t X (15)FI(16)mh 7] LAk A3 T dese AT &
SR F I AR B, ST 0 / g o AT SE B2k I
S A AR KR o

3) M 11 WU RS T T A o
E % E AEJ FARER AT N AR 2,30 B
HUED 535S m (m =1,2,..., N) AN D5 5 1 37 0
S IR AR, DU 2 o T ek

D, =1-\[S (B -EL ()

4) R HE T e B /D AR B A SR R
AMRIRIAE ML, T3S 1) 2 51 2 L B g ko 1o
BEJIZERIAAA, IF TS PR R 2 R A8 X
TS PR A AL o 20 (18) T B g A1) Frg R 2

h

min

IML—MHFJiUMﬂ—ﬂAMF 19)

Kb Miw My 23 5l o RhBEr S i AN FIEE G AN AN
XN HAR I fi(x)~ fu() 2390 0 56 0 AN RIS
AAMART HFS B 24|\ M-Mj||<L B, B8 2 4
AN B () H AR R EEAR 53k, L A /NEBEZ ]
(OJEERE S

FE TR S0 T N S R R ] 4
PioRe BARVEEI, S EEM R EERIELE S 30,
X MEZ PcHUCY 0.8, 2% Py HC 0.3, 21k



%16

Mramss: T 7 dtia S i S e gl vF 505 7 125

HECh 500 AR THAAIREW], SEEREE S
TGN FEARSC LA, S RERE G F A PRI 28 S50

X GA BAESL, IR
FREIR AR =1

\l
v
FRAGAK B 52 e R T e

MR 1.1 35 o5 AR e 4L
T 2 3 1 R 5

v

W5 M-N A RIRA R

JCEERE, G R I N

v

oI IV JEE PR BEAT /N5

TIRAF ] M—2N MM

|

v
|%MﬁN¢¢Wﬁﬁﬁ%ﬁW|
|
%

- FIREBLON M & A
RS A 37 B

~ 7

<T?

H.
s

| wmmggmins |

E4 WBSENEREEELRREE

Fig.4 Flowchart of transmission line sag inverted algorithm
4 HIEWNE

H T BAEA SR, R )IHX 220 KV R
CHR )1 A2 — 3 I A2 ) = AH i vl 2 i 3047 1 30 37 5K
T, SLHAIME S Fin, EPg T 5N
I A . AN 13.7 mm, FLrR; HiE
A2y 45mm; W E K S LS RIEAT R IE N
231 kV, ARt . 2 TR0 A
A K H RN PMM 22w ¥ PMMB8053B HLI 4R 5 71
BT, R 3%E F AT LA ) I 0 6 1400 3 R G 3 1
EHP-50C o 173 A7 {30 I 5 14 Ak B A 5 S A4
L1775 iR BRI [a) - 1 3 Mo, A SO IR
B i3, DA R A0t N B AE A A
B oA . g B R B L Leica
TC1102C 2wl &, AL T[RRI R R 4%,
FATIR i I R

W, Sk S AERZ A  TIER:, Bk
N S8R 2 /0 0 2.5 me BRI E A H
W, AESCHERI SO B B A, TR
ALk D REIR I L 2 5540, DUBE G0 I /K AE 4

A
RAZET N A
PEDRG A 1A O B

GO BN, s SO . DR RS T
RELE RN R) N S, I A R SR R AR A
HTLECT B R RAR, I A A S R A GOIR DL
MEETERE, MR R R B A TR, L
55 S PR AR AR W S AN 1 R

Gl G2
i
A 2.8 m C
B
FOm e om 9
LGJ-400/50
153m 21.5m! U=231kV
n=1
r=13.7 mm
rg=4.5 mm
Y . 4
El5 % 220kvV=ZiEMBS%

Fig. 5 220 kV three-phase transmission line

I3 A I 3 R AR R A0 o SR T
R ) B KON, DL R A KOOSR R M i
L5 m () TAHRI A BUER R . B 64 7 Bl
iR R A4 T 34 N7 THURI IR, PEAR
HUA KBS A X R SRR, KRR
XL N LRI e, IR 3k
N7 AR b I R B AR LR, SRR 7

L] N
30F * EAE
pa —-o— JHAH{Y
~25F \ ———— BIEfH
%2.0 \\
B ]
%u &
N
210 N
051 \
0.0 —— S
0 10 20 30 40 50

P 2L 2R B B9 /m
Ee6 BEFXSTS&TARHNEE. BEEREEE
Fig. 6 Measured data, ideal data and corrected data of EF
under fine weather

o WHHE

30l ¢ ° —-o— JAH{Y
S S T
E |
> .
<20 N
e .
7N
%0 \

. .

ﬁ\.
YN
0.0 e
0 10 20 30 40 50

BRSO R IR BE B /m
E7 XRTS&THRIZNEE. BEERELEERE
Fig.7 Measured data ideal perfect data and corrected
data of EF under heavy rain



126 S R <E 1 R R = SO 4

%31 3%

K 8.13%, BIEJETHRZEMAN N 4.55%. MR
PETT F A i B KT AR B4, e KM 22
1] 27.72% o XA PN A R A 3 e R b i A AR OK
AR, JRERARI RGN, WA E, HRIR
HLORJEIG . WL O S A A, 0 R R TS
() AR A7 185 S e K 18 KA 4
N TAT A o A SO IERE L B A PR <
SRR S LTI 0. hE 6. 7 7]
A, HERR RS 5% 5 (1 Y (electric field, EF)
WA 5 HAAEW) &R, BRRERDN N
9.33%, “VIJIRZEN 6.16%.

e HE R U5 R 3R R b A R A H AR
S, SELIEN LR MR A SR ) s A
Pt S 2 B KIREE . 3% 1 s A HER R AR 3R
AN HE B R AR 36 I 5 i R I o A 5 s
ERIREE . R 1V SEEE R 5, RN,
AR HEER R N W, 32l [ 4 R 3%
TSR, 3 PR A I R0 FR A DN e A
R KBRS, i FIE A S HAUE AR ZE K,
LR B 7 S s R 228 21 12.91%,, 1M
HFBR A PR 3R S e 0 IR s 8 A R R 25 A
2.18%. AL, HERR DR 3R A I A A8 A
RYREAR LF o3 v SN 2

x1 BRUMARMRXSTSLMETESNELR
Tab.1 Results of lime sag calculated and measured under

fine weather and heavy rain

KA heg/m em/m he/m ea/% ems/%
TN 6.95 6.89 6.82 1.91 1.03
[N 7.26 6.57 6.43 12.91 2.18

T s hoa R I KN FLEE R rom A HERR R TR 325 d I S35
hes HECRINESEIE : egs N hoa 5T hes IIRZE : ems A hem 55 hes IR o

5 it

AR L THUL s FENBL STk, %
JERAAT AN IO 7 I R R, erE
BV SRS AT T DR A 2. T
SEORBL, SRR, Rl B &R
LN TR AR A RO, AE
LS LRI B PRAl P BT LIE R . 26T LS-SVM
(PR DR 32 18 LE AT R AR g 25 RO IR DL I 3
Wi, ¢ LI B A e PR B R 32 A8 IR R 1 5 Hs
BT PAR S, i H bR 225 (0 s B
TNVEAE, 32 A SOsRE B o O s i LS R RO B
Yy YA T A SCHRAEE S s SR A Rk, JFIED]
TASCAEE R ZAB IERL A4 Rk 6 AR RS

RO AT LR B A T I . ASSCHEH 5K
ST AR, T IR Y S e (4
TN, AN T S B IR I R S

S0k

(1] ks, UK, Edk. R ilaErsen ). sk
AR, 2007, 33(7): 206-209.

Xu Qingsong, Ji Hongxian, Wang Menglong. Real-time monitoring
for sag of transmission line[J]. High Voltage Engineering, 2007,
33(7): 206-209 (in Chinese).

(2] 2SR, EREE, G AR R K aria T 5 SR &
R AR, 2006, 32(1): 107-109.

Hao Lanrong, Wang Guolong, Tan Lei. Analysis the relation of
transmission line heavy load operation and line sag[J]. High Voltage
Engineering, 2006, 32(1): 107-109(in Chinese).

[3] Transmission and Distribution Committee of the IEEE Power
Engineering Society . IEEE Std 738-1993 IEEE standard for
calculating the current temperature relationship of bare overhead
conductors[S]. New York: The Institute of Electrical and Electronics
Engineers, Inc, 1993.

(4] HEXRBHAFR R BB, L) TR m Rk i 2k itk ok-F0

M]. dbRt: R HRRAE, 20030 179-183.
Northeast Electric Power Design Institute of State Grid
Corporation. High voltage transmission line design handbook for
electrical engineering[M]. Beijing: China Electric Power Press, 2003:
179-183(in Chinese).

(5] DG, e My PR i i i K AP I 0 R 3 £ e K

FRPE[D]. FMEAR, 2008, 32(6): 1-8.
Zeng Qingyu. Study on characteristics of maximum power frequency
electric field gradient on ground and maximum sag of bundle
conductor for UHVAC transmission line[J] . Power System
Technology, 2008, 32(6): 1-8(in Chinese).

[6] ChenSL, Black W Z, Fancher M L. High-temperature sag model for
overhead conductors[J]. IEEE Transactions on Power Delivery, 2003,
18 (1): 183-188.

[7] Nexans : CAT-1 monitoring  system
specification[EB/OL] . Paris Nexans 2007[2010-7-
30]. http://www.nexans.us/eservice/USen_US/navigate 234993/CAT

_1_Transmission_Line_Monitoring_System.html#top.

Transmission  line

[8] Clairmont B. Video sagometer[R]. Palo Alto, California: Electric
Power Research Institute, 2004.

[91] Hayes R, MNourai A . Power line sag monitor : US,
6205867[P/OL]. 2001-03-27[2010-7-30]. http://www.freepatentsonl
ine.com/6205867.html.

[10] Mensah-Bonsu C, Fernandez C U, Heydt G T. Application of the
global positioning system to the measurement of overhead power
transmission conductor sag[J]. IEEE Transactions on Power Delivery,
2000, 17 (1): 273-278.

[11] LeeBY, ParkJK, Min SW , etal. An effective modeling method
to analyze the electric field around transmission lines and substations
using a generalized finite line charge[J] . IEEE Transactions on
Power Delivery, 1997, 12(3): 1143-1150.

[12] RS, HT), ok, 55, 7 e i vk e ok o B i = 4 T35
AT, mRRIR, 2001, 27(3): 24-26.

Lu Tiebing, Xiao Kan , Zhang Bo, et al . Calculation of electric field



% 16 11 S LT IS S ot AL 127
distribution near EHV power towers[J]. High Voltage Engineering, machines multivariable inverse system and its
2001, 27(3): 24-26(in Chinese). application[J]. Proceedings of the CSEE, 2008, 28(35): 96-101(in

[13] @i, BuiL%. BUEAATHSERs m R e i 3 gAY Chinese).

[, wEEBOR, 2006, 32(12): 69-73. [24] B0, LW, MY, . BAESAREARR S NAIM]. db
Peng Ying, Ruan Jiangjun. Calculation of three dimensional harmonic 2 Bl HRAL, 2002: 28-60.

electric field around ultra high voltage overhead line based on the Li Mingiang, Kou Jisong, Lin Dan, etal. Theory and application of
charge simulation method[J]. High Voltage Engineering , 2006, genetic algorithm[M] . Beijing: Science Press, 2002: 28-60(in
32(12): 69-73(in Chinese). Chinese).

[14] Gomollon J A, Palau R. Steady state 3-D-field calculations in [25]1 T, A5, BT asdh Sk i ) M a5 T o R i 5L
three-phase systems with surface charge method[J] . IEEE [J]. L CREAER, 2006, 26(21): 43-49.

Transactions on Power Delivery, 2005, 20(2): 919-924. Ding Ming, Shi Xuemei. Study of generation expansion planning

[15] SCit, 4, /MR, . 5 R RIS 4 I = % T ik based on genetic algorithms in the environment of electricity
T[T, mAEROR, 2008, 34 (9): 1821-1825. market[J]. Proceedings of the CSEE, 2006, 26(21): 43-49(in
Wen Wu, Peng Lei, Zhang Xiaowu, et al. 3D power frequency electric Chinese).
field calculation of multi-span UHV overhead line [J]. High Voltage (26] Be¥e, S, R, S K TEOERAL SRR R AT
Engineering, 2008, 34 (9): 1821-1825(in Chinese). HORMUAED). RHEA, 2009, 35(2): 218-225.

[16] Mamishev AV, Nevels R D, Russell B D. Effects of conductor sag on Huang Ling, Wen Xishan, Lan Lei, et al. Optimization of grading ring
spatial distribution of power line magnetic field[J]. IEEE Transactions for UHV composite insulator by the improved GA[J]. High Voltage
on Power Delivery, 1996, 11(3): 1571-1576. Engineering, 2009, 35(2): 218-225(in Chinese).

(7] BARE, (1, B, . HF s A o T = A b [27] P DAL A bR L. DL/T988-2005 i AT 48 1%
R P EHLT RS, 2009, 29(12): 116-120. ki, AR L TAR I ML T (S]. Jeat: T AR
Xiao Dongping, He Wei, Zhang Zhanlong, etal. Three-dimension MIREACR RS Z I 2, 2005,
optimization model for power frequency magnetic field of UHV China Electricity Council Standardization Center. DL/T 988-2005,
transmission lines[J]. Proceedings of the CSEE, 2009, 29(12): Methods of measurement of power frequency electric field and
116-120(in Chinese). magnetic field from high voltage overhead power transmission line

(18] WEKE, Sc3Til, X0, 2. s Fid e G2k = o T4 a5 and substation[S]. Beijing: National Development and Reform
W] REAR, 2011, 35(3): 159-164. Commission, 2005(in Chinese). ‘ - -

. , _ (28] XEMEA, ATHME, VTIRH, S5, HUSRBORTHE A A B T
Chen Nan, Wen Xishan, Liu Bo, et al. Calculation and measurement IR, TIEEAR, 2009, 35 (4): 872-876.
for three-dimensional power frequency electrical and magnetic field . . X .
under transmission line[J]. Power System Technology, 2011, 35(3): Zheng Yali, Yu lihui, Wang Quar'ldly ctal ) Impaf:t of corona dlscha{ge
159-164(in Chinese). on the powerA fr'equeincy elect'rlc field 1ntens-1ty 1'r1 the extra-high
» B . . NN o voltage transmission lines[J]. High Voltage Engineering, 2009, 35(4):

[19] M;‘In*\f' KRG R L T T SO TT IR A §72-876(in Chinese).

ESR, 2010, 3600, 25072512, , [29] ATHHE, HURL, GREEC, . N TR AT

Peng Yiqi. A novel method for transmission line power electrical field W), TEPCACEER, 2009, 32(2): 137-140.

calculation considering the weather condition[J]. High Voltage Yu Jihui, Zheng Yali, Xu Luwen, et al. Effect of humidity and

Engincering, 2010, 36(10): 2507-2512(in Chinese). temperature on power electric field intensity[J]. Journal of Chongging
[20] JiSM. SCHFIREILELIC KOURTAMBTIMI. JE5C: o IR FL ) Universitys 2009, 32(2): 137-140(in Chinese).

Ak, 2007: 37-40.

Fang Ruiming. Support vector machines theory and its application

[M]. Beiling: China Electric Power Press, 2007: 37-40(in Chinese). ks B2 2010-12-22

1] fibl, 3T, M, . TR R RS e fra@a
(0 ST O P HUBL TR, 2006, 26(2): 149-153. % - BRRi(1984), 3, BEGE, ABEmGY
Jiao Shangbin, Liu Ding, Zheng Gang, et al. Forecasting the ESDD fEPHST i 2 B AR BL R R B Y
of insulator based on least squares support vector machine BIFL, chennanl35246@126.com;

[7]. Proceedings of the CSEE, 2006, 26(2): 149-153(in Chinese). , 3h(1962), B, HfE, HAEARW, FE

[22] EAHE, HTH R SRR BUR S A MR TR AR
Bt A BRI E A5 700 LT, 2000, 29(4): BREARET AT LA, Xswen@
123-128. wuhee.edu.cn;

Wang Yonggiang, Lii Fangcheng, Li Heming. Modified method on E4R(1969), %, Wt B, WAAESIN,

dielectric loss factor of capacitive equipment based on support vector S e e RS

machine and genetic algorithm[J]. Proceedings of the CSEE, 2009, PR AT BT LAE

29(4): 123-128(in Chinese). (YmEE I
[23] FHB, FLVPE, SRR, 4. R T IR 2 AR R

ARG 7L KON 3], oh ] FHL T RR 244, 2008, 28(35): 96-101.
Cheng Qiming, Du Xufeng, Guo Ruiqing, et al. Decoupling

compound control method based on least squares support vector




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


