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Abstract

This paper presents a methodology for the electric
field analysis of substation. For the electric field
analysis of substation, the electrodes(substation
busbars) must be represented by finite line with
nonlinear charge density. In the case of dividing finite
line into uniform segments, a large number of variables
have to be used to obtain the accuracy within a desired
tolerance, To deal with the problem, nonuniform charge
arrangement modeling wethod is suggested. To reduce
potential calculation errors, the linear charge density
function  is considered particularly for the segment
charge modelling, If the charge arrangement is improper,
the accuracy is not improved regardless of increment in
the nusber of segments. This paper proposes an optimal
charge arrangement method through potential error
analysis, And, the optimal charge arrangement function is
formulated by a lot of simulation results,

I 4 &

T, AYAZAN UASE AA] AW H3o] AAA,
BESA FHolA Azl 2 Ayl o Edel BuEn
et 39 AFoiME olnl HAo] AVE nAE YL 24
ol FHAE 715l7] Alasidon, AA 2y AL of9)
7} oiJela & wf AAoNfY JYWPIIst Y4elat 81
ch oeEriA] dulFold ASUZo] BAY FLY Mdu|:=
FRA2} ALl o] SR H2o] il 1970d )
o H2E Figez /3Y 94 Aoy ARZY Yol
203k 221 =Y A= yol o] Foixion} AYA Her:
A2ujA7E 42 228 topologyo] 71203t HA BHof
A2 3 A AA ALY g wRo] ciRE o]EN At
Hrhe Aol o3l o= Agolrt. E dPolA: of2
A oA aste] AYae] 3aY AA AN A A
sz} gich ALY AA A AsNE AF(AYL B
2npjo] vy ANY=REE 2k FUF HET FHEY
of st=rj olaj¥t HlMY ANUSEXRE U FIE A
tHro] Attt dat 42 AR 4 ) At
U dxgteE EUshes olf-E 3 Ael R AAH A0
2y A =&57] dgEeltt. & dFoiMdE oo #Y 3
21 del R AAsAA g fEstnat Yot

U HZE s X2 dAYs Asjus Exg 3
£ N2 segmentE EHY3E= A FFEW(tniform)
Wil 2} W) F5 28 (Nonuniform) WAle] S71x)7} et 3%
B4 $ae Aol oluFe) EXE Zh= segent® ol
= uiptaRt ox o] FHEF AVINNME Y He
UastA slo] vimele] o8 Aotg WA Hel, ez 2
AFolAE W25 LUPAE ML Nonunifors Mshupa)
Modeling 719 & Asle] ol2iyt EME sl@sina vt

223 ASUE EEE 447t ohd dAjl4E EHsE 3
AA8HE AHgthe Zlo] A WH4EE OAF 43 AY
4+ 9l&o] simlationg F3lo] ¢FEgeng Aso] A
A Axo] dx AU EXY4E ARtz Gk
Nonuniform A3tulA] Modeling 71'JollAl= Asjujx|s} A
Aslx] gdow, Al Fwert By Akl R4t Frlsiod
£ A5 7lujRo] Bahula]z} cigis] Fadicl wiepd
2 =E2 A9 ox 248 B3 2H Astula hig AL
332 Simulation GloJE}& F3} 2|3 A3} w4 =&
2} gy, ol A As wixAS Al ot Fx
Bate] AA oig Fojrl. SE£ARE £ =RoA AMud
milof olaf ML medolM IR AAALE s} Prl

1L 5the R Yts Astol A% Ael, A
A o4

the 29 1 2} B2 HE FPo X Fo WYY RYY M=
7t ol g uf MES AUE FXF UAYSE o] 8

z o=Ax+B  <cee.- (1)
----- . oloh welel A1 pele A

v 4o ) fas 1 (natk
\ Y = rd T "t 1
Pix.y,2) I (AX + BYdX 5
x 4x007n (.\'-x)1+()’—y)z+(z-2)
...... (2)
Iy B HEH olt},

xlolMe] G ol, x2olNe] A%E o2, A
dalgte A1) chezt o] Ed Hrh

; X2-x x—X1
D= ha-n? .. (3)

(3)A1g (2)4o] tiystol AEAS ez 4 4
AE p ofxe] AR o & ohE ()AATe] Wl

. o = S 1
®=— 1 {-[‘/bzﬂxz—x)z—Jl;2+(.\’l—x)2J

4rrzo X2 -.\"l
. ,}bz +(X2 —Jr)2 +X1 -x
+(X2 —~x) log ——2—-—-—
‘b2+(.\'l—x) +X1—x

-290 -



o,
2

4::50 X2 —).’l

{—sz # (X =0 - V!bz Xy - x)z}

|

2el3 942 AE p o HAE ohE (514 &2 4y
f= ol o] HENE WA LE EW WA E & R (6)
A 3zho] Hrl

2.y 2
{ B+ (X -x)° 4+ X, - x
~(Xy - )l iG] 2

B
\sz + (,\’i - x)2 + J(1 -

PO S Fz (AX + BY(x~ X) "
& A Jx-ote-pnle@-nt s (5)
AX +BY{y-Y
E}«=_f;$=4_”‘5:!2 . (z'“ y2 ) - i
N X (Y= y)* +(2-2)
Le.2_ 1 (AX + B)(z~2) o
PTTE G a3
VX =2 + (Y=Y +(Z~2)

1 1 X -X }D X -xi
E = a, | - 2 I+iu 2.2
* o4 X.-X. 1 N D 1D +X -x
o 2 71

171

} ...... (6)

DZ+X2—x

DI+X1 -x

& o (r-ptr@-n
Dl=xb2+(X1—x)

Dy =\)b2 +{Xp - x)

y% W ozie] By RUY Mo Agl U AA Yy

Aol L& PHoE FEYU 4 Youl 4 Asle] AL e

B AA ML dold HHY 93 P4 Ay L AAY o

2 gl;azﬂ BHolBg A(4), A(5), A(6)g o8t Ty
Mt -

LI Ash ufxlof o3t Ag ofy 24

1. Unifors Rshuix]

b A ALE M E AI(AH L BAn}o] u)
AR AstUsdRg 72 U8 des gHgey oldy
BlAY s 3008 Eisld O 20e A8 O @
T2 Este] TAAATL o7 44 AsUs Bxe)
Ax} Y4 AIUE PEZ ZHe segment® ARt wA
Uniforndll H2& ¥alshs A28 Udias gop 2 o
FohM M2 Zol= 200 0, M8 W= 0.1 nel WYL ¥
2ute] FLg thomstel L 5AYH 807 E U
ol £ EHolMe] Helexg BAsigdon] 1 AnE e
3¢ 20 vehielc.

5Fowtm' Greovie)

Rt E—

Q 0 2

kol 0
Sirmtation Chargo Nunbor

33 2. Unifors ASTuiAlo] o8t Hg) ox

2. Nonuniform 2 &hufx]

tHE 2 R4 A H3UE 20 da 4 HUE ¥
& AHEto] NonuniforndiA M28& FUsh= 248 Ay
22} Yo} 7N E oM ALY RN segmentd 4
ARE A 7R o] delex £4g stdes 0y 3
o= Aslext ¥4 ZAE Yrhiach

Ervor I} — ]
J \ |
BEENS T
| \\
| O
ad N e
N —
0.2
\\
o' T L3 9 w " w ] "
Number Il

%8 3. Nonuniform A spujxlof] olgt Al ox}
v, ox £4g B3 33 dshiy

A 111l A At Nonuni form R 8HuA] Modeling 7ol
A Aspixzt Hasia] oo, Ade] FEs} 2ol M}
8 R4zt Zristele A=A 7l ol B3zt i
3 Zasich mebd £ =82 A4 2 BAE Bl Ay
Ashuly EE& AU Sinulation B3 HF A} wix
A& 2dstax yrl

ghel A 1ol ez o] 20m, WY 018, A #
B MBI} wo) 1008 FLo] xF2T £BNA ¥ 2
o A2 E 8702 segment® Nonuniform FUIHA o2} 4
HE AHSUE S 9 A9 ReARsst Wasidh o dug
e st oy 09 48 E2 PUE 44Y 4+ o

IR

*x1 x2 x3 x4 x5 x6 x7T x3 x§
o® 4 KA Azel Nonuniform 4

AN x1, x5, x8 & & 2ol %22} x8, x3 x7,
3} x6= AE cfYelEg UAZ 33 viNg ¢ T
oF 3t ¥M4E 3747t Bk &, Restaa} she Ay 7
47} N7§ ol® F3tejof sl ¥4t (N-3)/2 747} Erh

el Al ol 4% AA Aol HAAUF AU JAY
48 Ao Y 7 Ui, LNE HAR e
2 el BEHG BoliMue] sedng B dyoAe
brutal force Y& o143l B4 AR oy oY
5ol 6712 Nonuniform EYsied R HEE wixF3} o
FAE vepigich

218 5. Nonuniform £¥shHe 2 wiAidat exisie|uA

#l aglolMq HRe] A HAB= vl YYoR
45t gled olZoeRY {UY A2 R 4o}
23 Ashrt sbediche A& ¢ 4 At

-291-



V. 33 AsuAo] A formulation

A W Bolds sl Fol Boioln Msjel A4yt A
A, A3 A ARG FHsd AA BN E &
B 2ol L7} M2 Pol(L), M2 WAHR), HE
2] gol(H) Foll wiel PelxiA Hoe 204 wiNIg e
izt formulationo] WRIA Hch ojef & diojr:
L R Hof ulel 23 wj2]Ho) o|PA o]Fsl=rlg A8}
Qrh  Simulation A2} L, R, H & AtiyQl glo] ohjel o]
ié;;l :l§°l 3 uiAdz) AT AP A AL Y 4

T

MZe] o] =L, M8 wF = R, ML ¥o] = H, g
3} YUY HS4F x=LH, y=RL B s}dS o,

A29] ol BF A(C)=(Y2)e] M= o))/ (Parameterd
3 & ME Zolo] Hu, 23 A3} wiAye
fz)=f(x,y) ool f(z) kg3 e ez ¥y Hrh

i) x=1 ojQd

f(z)= (al®y+a2)sC ... ... ... ... ...... (7)
ii) © 1 o]d

f(2)= (blsy+b2#x+b3)3C .................... (8)

o2& Holol 3h= A uixHe] n 7Y FLE B}
 A71E, A7) A(8)& T Al(9)9} e WPl
28 ¥ 4 arl.

3 "n kyy k3
2 |=clker k22 ka3 |l
Zp I‘nl kn2 kn3 1
e e 9)
=t R
w7
R : =49 w3y
L : =4¢ R
Z : =AY ¥ol
VI, A4 RAul AA A4 A gof

3y 6 W 7& WYL FANH400KV Bruegal Substation)of
thste] & dpofld AUY WAL L3l Ground level of
A;; :}%1 AAZLE A4 stdon 1 AE 2y 8o g}
1igic

o oo ol o] ¥ Ll
) Ll PR
o) 1 ‘e
M
E
“
w i be po e},
I - o BN
B T i Pt "
(3}1675
m o oW e mpowf o #01am ) m (D)
) =+ ese 900
'y 3 TPETEE
N
O e ]
A
(a) BRE (b) &B=
2”7 AYs Fiul FEE Y Jus

\\\
™
N \ \\“ (AR
I'I;'O;\;“‘\\‘\\‘\ \\\\\‘\\\ j ";""" w//[’u
h “\\\ W ’I
.'o’o‘\\\\\\\\\\km\g\x\&“ '4{’/[,’0,‘.%:&(4,'!],
3 \R&\ m\\\\\“\“ 'lI' S
il oy

W

W ",tf‘:‘\\

v
\\\& ity

e it

il

00

23 8. Ground Levelof 48] 3 Xt MAZL

vil, 4 &

AL ¥eupsie) 3aY HA Ado] oy ¥ A3 HAE
fetdtd chgat Zch

(1) fe3 veg 330 AA ALE 918 segment FHo]
glo], 30702l Uniform 82} 6782 NonuniforsE¥e] @217}
2o} Noruni form A3} 2eja] whio] WA A zpde]gct
(2) segment®] ABIUE EXEF A7l ohd UxY4E A1
3ol 87] o| 4] Nonuniforn W o2 Rysts A, 2u] of
pog gi}g 2| a3} A2 4 9l2o] simulationd B}
DEXISE Aol M segment?] HFUE FEo] dat A
ss —-—£ ‘-’1"—% AHg-stoch

(3) Nonuniform H3IWRA] Modeling 7] ollM= Hshulx s} 3
st B =82 A9 o BMg Fa) A3 AspjA gy
& Hgstgdon Simulation Hlelelbs B3l 23 A3} wixa
< &30 3 A AA Ao fEo FEe PG olF
ol[:}

(4) Foll A AQHE ol o3 AA] MY Rlo]A 3
2}gl -,‘g-z_)oﬂ %ojo!‘— Bl Topologyoll th{t Coefficient
Matrix P & 243t} 3 xtd AA A4S stdch

3 2 B #A

1. EPRI (Electric Power Research Institute, “Transmission
Line Reference Book-345KV and Above, “Ind Ed. Chap. 8
, 1982

o

- HEIRGR, ERIE, BEMAIHEL Corona A} 1950

3. H.Singer, H.Steinbigler, P.Weiss, A Charge Simulation
Method for the Calculation of High Voltage Fields ,
TEEE Trans. on PAS, Vol.93, pp. 1660-1668, 1974

4. JLE.T.Villas, F.C.Maia, D.Mukbedkar, Vasco S.Pacosta
, “Computation of Electric fields Using Ground Grid
Performance Equations, ” IEEE Trans. on PWRD, Vol. PWRD
-2, No. 3, pp.709-716, July, 1987

5. M. Abdel-Salam M. Th. E1-Mohardes, H. E1-Kishky, “Electric
Field around Parallel dc and Multi-Phase ac Transmi-
ssion Lines, ° IEEE Trans. on Electrical Insulation,
Vol. 25, No.6, pp.1145-1152, December, 1990

o

. Tadasu Takuma, Chikahisa Honda, Tetsuya Akashi, “El-
ectric Fields Calculation of Electrode Corners Using
Charge Simulation Method with ARC Charges, " 1EE of
Japan, Vol.113-A, Vol-5, pp. 382-389, 1993

-~

-UHY, IS4, HEE o, e, "765kv 2R354
04 2o 44 9 &M f= AY, ARAL Uw
A71%3 spAtheE =W C pp. 1509-1511, 1994

col g, WAE, UMY, A, 42, THHY dre 3
g HA AHol Bt A, 7 WiRHAsIEE HAYeY
3 =83 C pp. 1565-1567, 1994

oo

-292 -



