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Three-Dimensional Electric Field Calculation around the 345kV Sinmasan Substation Busbars

Sung-Ho Myung" Byrong-Yoon Lee™ Inn-SuHan™ Jong-Keun Park”™ Suk-Won Min™ Eung-Sik Kim™**  Ki-Chul Lec”
*KERI **Seoul National University *** SoonChunHyang University ****Hosso University

Abstract - For the rather complicated and time-consuming three-
dimensional electric field calculation in the vicinity of substations, this
paper proposes a numerical calculation method based on charge
simulation method(CSM). In order to represent non-uniform charge
distribution on an electrode better, it is subdivided into small segments
with linear charge density. Non-uniform arrangement of subdivided
segments makes i1 possible 1o obtain high accuracy with a smali number
of variables. As for the arrangement of subdivided segments, cffective
formulars were derived from multiple regression analysis of many
simulations. These formulars make the arrangement of scgments fast and
effective. The proposed method is applied to the electric field calcnlation
around the .‘_345k\l Sinmasan Substation busbars and the distribution of

calculated electric ficlds is compared with that of l,he measured clectric

fields.
LA

3 A Fgol uiet A9 AFAM 2AAT R4S ol
o d¢ oAl o] a7 m givh ol& #AsAdE Foird
= AR¢ A4 vt d4slojol @ 28y Adad ge
e 2o 34 AA Aol olfr] wFol iy 4R
SJ&# S} o)9lof scale model study 9 o] Ao AY

&8} $9 PR 272 AYLE FHHA AAR GrlEe
ol Ao At =go] He) 2750 FANU WefA

= oA gdvh2) 2719 o]83 H2o2E Ground
Grid porformance & ©| & JT.villes 9 ¥ & & 4 93], o
WM E 84 A2 44 As 1§ Zedn s
8% Azg e 35 ASE 2dHdd. o U4
ol w9 8 ANV FU& AFE] qid 348 EaA
g 139308 Psd ANEdQenz AN 33
a @Ae] ek

2 Ao g 3449 299 A¥L RASAA A%
AN4,561% o130 AAE AVGT. ol& M F8¢F H=
o] A% BRE A9 A% LEE A YA 48 JAN
2 polas)gid Ay o BHd JNg § AN 43 e
ojgdch789] oA /@Y HEE s 4 A U=R
b3 AAstz nelg Ao v oatg AA g2NY ¢ 3

ov] 475E Axe AY 24 o2 F¥F H2E noW
+ Qe A2 AR AFE AW YE olgdq] AR
ek a2ln $@4 das 320t Afd we g A
fAA7 Astee ol A9 2 EME Mokt YHEE €
A% Hze 727 FoiAY @ dAse WA dAg 2A
% 4§ A AR AL AHgdn
¥ A7 %Y PEE A a5k Aepd AL ¥

vl A8l 3 Y AA At A9 ANE A4 EX
st MM HgeAd A5¢ AA £XE vaE A8 vehydd

¥

2 @ dAse] As % A4 44

Age) A7 F0F ALY A8 YSEEE wAYot},
ojig HY AH UEE AN ool 4@ MUK SA]
A8 29 104A9} Ao} x 2ol FYE F8 AN g
o9 AFAM Y A T AAY 44 EASA 4 () R %

i,
2
& pxl
™. Y v
xz C(x,y,2)
X
29 1 AT & adol dAg §& HAg
I o(X)dX
¢—4m:,, L’- I ‘
1 [ (AX + B)dX M
4xs, 4 (X - x)? +(Y - y) +(Z-2)?
E- 1 Kr. (AX + BXx - X) _ax
AmE, N J(X —x) +(Y -y) +(Z-2)
E = ! j':’ (4X+B)y-1) dX )
Ame, 0 (X =x) +(Y~y) +(Z-2)
_ 1 (AX+BYz-2) ¢

£

CArE, N (X x (T +(Z-2)

- 1804 -



drle] o Ad A%, ABE A% AR A5 FV9 §
A& £, =8854x107[F/m] olth. A 3 AAA q&
AP 44L& o) wxEHe] glonz or|AE: dFaAve ¢
}H7.8.9).

3. A8 Wi e f%

#8% 2ol Rre A WSE MY A UE Lg
7Y 4@ AASE olgael AaNoz 2AEIYHA A
23k ¥Mol Z)zgt W w4y olgsdn = fag M
29 s)atery FzQ Mz o), Mz wAR, Mz
Eol% 2ojstng &= Ad4me] FAHA Ay oA:
AR A2 G4t Ak WA A eAE BH g4
1 olg H2Z &= WAL 7o 1 A% w75
A ARE WARE ol A& 4o AHLE A} wA v
Asdtte Ag 4 4 AAT. T, Mz FzRo|, WA,
A4t Al wa MY AaEY YA} W oy
stk Ay 2R BHL Bael MAYE PARANE RS A
ol a7gTh wata s WAol U@ Auiyel Ne &)
Hote} fed Hzo FRLRHO B WY 23E Harz
e A Ae B Simuaton 98§ Edqa BAsiqd 2 2
S LRHY Wigu=L/Hn=R/Ly o Wxa% 94a 4
# A5 AUk ol nokdd 4 gy B,

x = &(an+b)
x={&(cu+dn+e)

<1
" &)
u>1
71M g Mzl dol uA Az A Az Yolg 7|
o Aoj& Ui Foli abedet A WA Algolt)

Ay
g X rx 2
il

& WX A4EL M2 Fxol WE 2L Simulation A7
S MY AN BME ol88o 2% £ gy oA e MY
Yozt st ol vebd & gict, ojg} o] HFF WA
A AY QA #ME do] Ay MAFE Fas A v

A AT AN FEE 4AFUA dRHnE A
&30 NS Re AAE T 4+ gk e 2ed

x ky k, kilm
X, ky ky ks

= s : : n @
*n kn kg kisll

4. A2 2Ad8e] 3atd AA AL A8

2% 28 B 7o dadoz @ Aapit Ay 345 kv A
A ARE vebach a2 35 g2 Aupd AYA 3s5kv 24
Fzol digte] & Aol AAF uFF A wix wdy @
W Hgdta 2 FEA4S YoluaR @ 1ol g o)
Aot AYg2e BHL Fol7l het HO § 2§20 ylof
A Qe aglm adde] PSS N2 YE Fol9 ¥ nME

AAHFTE Ao 52 FL ol FuME HAST U},

ol AAPEL 7IF08 7t FRML 5 FL M= ¥y
AN B AEL s fdY Mz sgsdc g
A 2Hate] vF 8179 8% d27 &A@ ¥ |
S 7 FEG Hrdo] Rxd AE URE 681070 My A
8 HAeg ¢ HAsE ojgdo AT muldfae AY
A& AN AAE BoqFa Aok vaE 9¥ 3 483
ARE e 44 AsZ 2o 399 A9 LAE o] Y
Bdeh 29 4= 24 H0% HEE 1040 58 Adsa
2ot AL ARA A AA FTE EA Folu}

g s& AN AARS 45 AARE vasgds 4
5¢ AARE A Fold 1Y 68 §A4o AL E Holiday
HI3600 ELF AAAZE £471& v

7

g 2 AupAb A 3askv AA AF

H=11.5 h h h "l h, h h

*h=7'0
W“‘% o 1
¢, ho
0 Al
et L
L i n
y J4 '-¢~CJL, D 0 b 0 5 § N A r__ _____P
MLMWW>
2442 o] Wel s meter, 2 249 W=0.1(m)
(a) BUx

®) 5%
¢ 3.345kV Alopat Agae] 2z

Electric ficld (kV/m)
o 6 o o w

P
s

o

Al T T Al
% 1 "0 150 0 20" e

24 4 29 39 34 Aqud A AN Axd AA 2=

- 1805 -



g 6 ELF ARAAZE 474 7)( HI3600)

E L7 9% HEE 2@ f@ AAse A5 ga Ay
A W] 371 2 A o

Ads matrix 37] Y e 49 Hag
1 Six 81 631%
6 567 x 367 0.66%
2 729 x 729 0.39%
10 891 x 891 0.29%
5. 48

¥ =Rel iz Aea nidoAeg A LEE A
& ol g3to] At 340z AMHAY. sl ALgH 4
W& A% E¥ scale model study 9 W] dte] AjzEA Q] Rioj AL}
AAAQ WA 943 ground grid performance & ©]§ &)
F@F M2g shiel B4 ARE welsie] AL o) wa
o] MY A3 AEE 712 4@ JANEZ AR o
A7t A AN 4 vk B8 AR M M@ @ ¥
ASHFZ ATHE 59 248 92 4 AL A9 o 2
A& Fate] dglon o A wFsd A% WAs} 5E&AY
% HldA. B¢ 34 M2 Fas wgd o A
A AL dsnn o g ddsn AgaA WAE & A
2 0% 49 47 2 ol gl £39 A WA A}
fagch A $ie Anbd s kv AHA R HE A9
duk 3249 AA Aol e A A W4s uog Yus)
A AA BXE ANYE & e ol 4&¢ AARA v
Bat}

FnRd
{1] T.Vinh.C.W.Yi,C.H.Shih,"Measurements and Analysis of Electric
Fields in HV and EHV Stations,” IEEE Trans.on PAS,Vol.PAS-
101,No.10,pp.4122-4130,0ct.,1982

[2] Stephen A.Scbo,Ross Caldecott,"Scale model studies of AC
Substation Electric  Ficlds,” IEEE Trans.on PAS,Vol.PAS-
98,No.3,pp.926-939,May/June, 1979

[3] J.E.T.Villas,F.C.Maia.D.Mukbcdkar, Vasco S.Pa costa,”Computation
of Electric Fields Using Ground Grid Performance Equations,”JEEE
Trans.on PWRD, Vol.PWRD-2,No.3,pp.709-716,July, 1987

{4} H.Singer,H.Stcinbigler,P.Weiss.”A Charge Simulation Method for
the Calculation of High Voltage Fields”, IEEE Trans.on PAS, Vol.93,
pp.1660-1668,1974

1" A2 £AAAAMA”, 271984, Vol.34. No.5,1985

(6] PSS, £ M & MEALRIHE, Corona A},1980

7 343,14 &MF2 N4 A8 TN L ol88 +
Ad29 3zt AANAN #E A7), WEANGH =74
44 A 10 3, pp1355-1364. 1995 10 4

[81 Sung-Ho Myung, Byeong-Yoon Lee, Jong-Keun Park, Suk-Won Min,
Eung-Sik Kim,” A Study on 3D-Electric Field Analysis of Substation
Busbars Using CSM with Nonuniform Charge Arrangement,” IEE of
Japan Power & Energy’95,August,1995,pp.197-202.

[9] Sung-Ho Myung, Bycong-Yoon Lee, Jong-Keun Park, Suk-Won Min,
Eung-Sik Kim,”Threc Dimensional Electric Field Analysis of Substation
Busbars  Using Charge
ISH,Graz, Austria, Europe.pp8363-1~4, August 29-September 1,1995

Nonuniform  Optimal Simulation,”

- 1806 -



