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ABSTRACT

The-main function designs of the substation grounding system include economic under
conditions ensuring safety and reliable operation of power system and ensuring human being’s
safety in the situation of ground fault in power system.

The thesis presents the design of an unequally spaced substation grounding grids.The
design of the grounding system considers the conductors spacing ratio by the condition of the

burial grounding system in soil which has a uniform resistivity.
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2.2.1 fsoaAY (Conductor cross section area, Amm: )
vnvesdniweasdu Wuseilsznevilinnudd lunseenuuussuudonsdu
yosotl lWihdes dnhdeasduifresdinaanifudnihiwihid  TaedluhldiAed
1 w o A ar 1 o v A a v
anuandndgaiielinszuadarees vaasdszuvdn  uas linasvezaudelinssue Wi
§a2993 Inaasgszuvaudiuszoznamiirmiausanudemsianseulad dmawasd
amauiAdenaIainvzgmienldfiudniveasdu (1, 2]

AWITOAIUIVINAUNG

I .
A .= i (2.1}

" {(TC4AP10™ o Kot T,
Itr:cxrpr Ko - 7:1

e

.= 17?14ﬁwﬁﬁﬂmmﬁ'@ﬁwmﬂsuﬂsww'w (Conductor cross section area)
WU AT 1UYAT

I, = ﬂimlﬁﬁﬂﬂﬁliulﬁﬁmtjizﬂﬂﬁu (Symmetrical fault current) WUIY kA

TCAP = Thermal capacity per unit volume 112t Jem'/"C

= STUTIAINTUTAAINT INAAIFITVUAY (Time duration of current flow) 28 T11H
T, = QWﬁQﬁl%ﬁ”lu (Max. allowable temperature) W28 'C

T = qmﬂgﬁﬁau'sﬂﬁ'ﬂu (Ambient temperature) #1478 'C

T = qmwgﬁé’wﬁaﬁm§'1in1mﬁ'wm'3'ﬁa (Ref. Temp. of material constants) %1138 °C

o = é‘r’uﬂszﬁﬂ%'(qmwgﬁmmmmﬁ’mmuﬁqmﬁgﬁ 0°C

(Thermal coefficient of resistivity at reference temperature)
o, = duilszdnigungiivesnnmauniuiiguugil 7, (Thermal coefficient of resistivity)

e °c

g, = aruammusumzvesnivigungl 7,

(Resistivity of ground conductor at reference temperature) WUwW 21/ em’

K, = L wte L-—Tr
a, o

r



Ansiavesiagpidadie Aldiludniveasdugdselduinasied 2.1 11, 2]

A1919% 2.1 AIRFIvaITaawilaa1e

Material . Fuing * £,20C | TCAP Thermal
&, factor al K pat0 C(o 3
Description conductivity . . \ temperature ( ,Ufz lcm ) capacity
20C/0) C) a 30
(25) T (o (Jren’/'C)
Copper
annealed soft- 100.0 0.00393 234 1082 1.72 342
drawn
Copper
commercial 97.0 0.00381 242 1084 1.78 342
hard-drawn
Copper-clad
40.0 0.00378 245 1084 4.40 3.85
steal wire
Copper-clad
30.0 0.00378 245 1084 5.86 3.85
steel wire
Copper-clad
20.0 0.00378 245 1084 8.62 385
steel rod**
Alvmninum BC
61.0 0.00403 228 657 2.86 2.56
grade
Aluminum
535 0.00353 263 652 3.22 2.60
5005 alloy
Aluminum
52.5 0.00347 268 654 3.28 - 260
6201 alloy
Aluminum-clad
20.3 0.00360 258 657 8.48 3.58
steel wire
Steel 1020 10.8 0.00160 605 1510 15.90 328
Stainless-clad
9.8 0.00160 605 1400 17.50 4.44
steel rod***
Zinc-coaked
8.6 0.00320 293 419 20.10 3.93
steel rod
Stainiess steel
2.4 0.00130 749 1400 72.00 4.03
304

*From ASTM standards

**Copper-clad steel rod based on 0.245 mm (0.010 in) copper thickness.

***Stainless-clad steel rod based on 0.508 (0.020 in) No. 304 stainless steel thickness over No.

1020 steel core.
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2.2.2 ANUMUMUSUNIZUBISZVUAU (Soil resistivity, p.)
anudumudumzvssszuvdy  fuesdisznoviiianudiy  lumsesnuuy
szuvAsasAuvesan il inihides  anmdmumudumizvesszuuduezinadonts1diniee
asAuvzINusolloy %@ﬁvﬁm'smﬁ’mmuﬁu‘mzﬂumssuuﬁuﬂzﬁmmﬁmmdwﬁ’ui‘fuatjﬁ'n
ﬁ’ﬂyiu:mqmun'|wmmizuuﬁuﬁfiﬂﬁ%’dwmﬂmﬁ"lﬂﬁuiamfm AMAIUATUMUI ULV

AuvesAurilnd1en gardedalfninatsed 2.2 (1, 2]

M99 2.2 ANNUAUNUSUWIVOIAUTBTTAA 199

TUATDIAY AmRmMUI e (lovu-was)
Aulufinusatls 5-40
Awrtier 20-200
AUNI Y 200-2,000
AUAUNTIY 500-3,000
AU 2,000-10,000

¥
AILUNBUMITOBAULUSEUUARBAIAY  ABI3Af AN UMIUS I IZUDITEULR LAY

=

= - = t 9/ = ] P PRy & ) 5
’ﬂ'ﬂ']‘wi]SQ‘llﬂﬂﬂiljmﬂﬂzﬂﬂﬂi’]ﬁmﬂﬂﬂ1u1ﬂﬁ1ﬂﬂﬂ 'Jﬁvmuuncl‘%"lumsaﬂmmmmumu

.

TUN1ZYBISEULAU D The Wermer Four Pin Method Aafileraadag U 2.4

f—ad ——px—12 £t a 1>

31 2.4 msdadnnudun s iz s UAY
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psdiszuvANAlimanudmusumzminaue  mydamanudumus iz
STULRULUY 4 38 Tszozvinsenininsusiduaisiinsiaesiasdon 3-4 fiane weld
ANRRUAMNIETY  SEoEHNsEHIN NI UASHsEoEHI 1.5 (MUBRueInneds 19ves
ok 1) on: ':’y ] gy o = d’ d.l
amil Iwvhdes MalimalfiamanudmmusuwizvesszuvAusznlasunlauilosninns
Wi suMAuGIMINdInIsmNazBeano e IR IEAMTNANT NN hoY

AWITDATUINDINAUNS

d7rakRk

P= 2a a
1+ -

\/(az +4b2) (a2 +5°)

(2.2)

AR b <<a

mm'snﬁmaminnﬁnms
p=4mraR (2.3)

)
(YA

£ = ANUATUNTUT AN IZUDITTUURAY (Soil resistivity) ¥ Toru-luns

a =93 xtmﬁ'wszwhmﬁqﬁuﬁag’”lﬂé’aﬁm (Distance between adjacent electrodes)
U AT
b = ANANYBIUNIAUINAIAY (Depth of the electrodes) M1 11IAT

R = anudumuuseszuudunialé (Measured resistance) ¥i20 Toviu
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2.23 AN uMuYaIan1eayEd (Human body resistance, R;)
anudumuvsssumenyed Hussfilsznevfiiaamdda Tumsesnuuuszuy
aeasnuvesanil Mihdesdmaudunmusssemeuyyd ﬁfuaéﬁ'ﬁmmmé’wménmﬂ
iesmndmmdminvesshsmeszulsanfufus R IR 19A 1Y
dmiumsesnuuusruusensduvesaniil Wihses sihwanudunuvessianie
wypdioumswssdy hifhdudageqafivysdomsonuls vazdwsedulithaaedn
gegafimuiannsonuly deldifunmailumsdsufiuaamniaeaitlunisesnuvyssuy
apasfuvesanil IMHden [1, 2

MNIFOAIUIUDINAUAT
R, =1000 (2.4)

4
e

Ry = ﬂ??ﬂﬁ?ﬂﬂ1ﬂﬂﬂﬂ§1ﬂﬂ1ﬂuqyg(Human body resistance) w3y Torfu
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2.2.4 105ANYAMSINAYUAING (Accidental circuit)
wesayantsingiamaussdu Idhduda susfifinszundaises Inagdssuvauey
fldifasusein i lieivavefiidn  udrdwaldynnafiogmeluaniiihifhoestin
anumefnduesyafiodudaegiulnselansfifimsdoasiu fuhiidudaegfufufiaod
TWihdes vazdoaiueeiinszualvadusionme Tavszwovingedudadifle () asdua

ar o o

whE i (F) Aefinamadag il 2.5 5109 2.6 uaeguit 2.7 (1, 2]

Ve
AY

Station grids

U7 2.5 Savsvazuyvaitaeame TaTuus s Tfhauda

i N —
6 Z8ys i

F
VA
Grid Re2 Rg
1ds ----- - ST Ttue ground

T

311 2.6 293 euyadufinaudvasuyud 18T uus ofn Tifhduda
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' @ o é . W oar o 4& -3 c; ar
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A

. 1
§< < Z(system)

AN B U

WOR RVO S0 Q00 4 Og
n02LQ 0 OCOOOOOD

Ea

Station gnds

311 2.9 2e9seruyavnizuyud 185 uus ey IWdhaaedn

vnevsauyavszayud S Iwihdude  unsaevsauyavazuywpdldsy
wsad IWAhgaed Anssuelvivhit lnadwsismouse fiuyudl5uus wu Ivihdude fo

mnseua WA Tvaluages

MUITOAIHINNNANNTS
V.
[ =— (2.5)
Z, +R,

dmivvasuyud1aTuns i i duda

BHNIDMUINDINAUNS
z i (2.6)
Th T 2 .

dmivvazuyud 1dTuus e Infhgedn

MWITOAHIMNIINEUMS
Zy, = 2R_I' (2.7}

FMTUA NS UMIUT UM

MIWITOAIUIMUDAUNTS
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P
R =L 28)

fvsuanumumustissnninszud nadusenindiefumia

AIWITOATHIUTINAYNS

T

Rf
R =R, + - (2.9)

ANUAUNIUTTHRINNL nTsua InarusEnIie i Weunumanuduniu
9 [y o P ' T
YU MAMUAUMINI NGB INTnsEua InarusErI N U

AIUITOAIUIUVINFNNIT
R =R, +1.5p (2.10)

dmfuanumumustiosnniinszna lvakuszriaiidush

FIWTOATUIUDINTUANTT
R =R, +2R, (2.11)

anudumusuitesnndnseua lrarusenhaiidush deunumanud i

1 1y 4 o ] t a
ﬁlﬂﬂlﬁ'l mmmwmmummﬁmmnms:uﬁ"lﬂamuizm1uﬁ’1ﬂu;ﬁ1

TIWITOMNUIUVINALAIS
R =R,+6p 2.12)
A
e
b = salunulanznay JAUNINU 0.08 IR
9! 5 ] o
R, = avwdtumuveah mi Teru

Il

¥ ’ 1 o
" m’mmummmswmﬂugyﬁ (Fluman body resistance) HU¥ Taviu

ANUATUMU TN zue Ivarusz AU niae Tevy

"

= I
I

ANUAIUMUTIilentinszua naruserIelsfnsi vude Tevu

i

-

ATIMUMUSUNIZVDITZUDAY (Soil resistivity) 118 Todu-mas

ke
[
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2.2.5 ?ﬁ@isﬂuuﬁuamﬁ'lﬂ%daﬂ (Surface material, C,)
woilesnnToafilsouussuvdn  usedusznoviifinnud iy Tumsesnuuy
szuusieasAuvesaatil lwiides Tavialulumaloa ﬁmﬂ%’ﬁumamﬁu%’ﬁﬂiiuuuﬁ‘:’u
il Ifhges Sarumuniszanm 0.08 was 89 0.15 was eanduIuAThroasA Ly

Lﬁ;uﬂ'1ﬂ's‘|11¢’f‘|umumms'1qmﬂwuﬁ [1,2,3]
Surface material
9) Q O 3
ole) é%%%bdc%%é%%%oo ) éb @ jo% %é:%% hs
Y OODOY D oo'gD ooo%@ Selele !

Ground grids h

™~
O O O O ——

1] kd
31 2.10 Funsaadiuden Iseuuiuaniiinddes

o ar ar of < l:" Y or { =
finFudigudulssansiloannnavesiagh lssuussuuau

FIWITOAIUINDINAUN
a(l_ﬁJ
Co=1-—_PJ (2.13)
' 2h +a

» »
daiumanumumusamiiesnniinszue lvak sz ailof U uazainu
Aunusutiesnndnszua lnarusen T ueh
- £ ‘i =4 ] v 2 ar 5 o
AsamanudunINItessninszua lnarussnnaiedum TavRana
Wesvndaai lssuussuuauy

WITDATUIUIINTNNTT

R, =R, +1.5C,p, (2.14)

61637
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ATNAIANLA NN IUSWTBINnsEue Inarus eI ahiuni Tavfiana

tosnniagnlsounszuuan

D xRS O R

AT OMUINVINAUNTS
R =R, +6C,p, (2.15)

-
o
UNUIAURTINTINAY (Equivalent radius of a foot) HANMIAY 0.09 1WAST
¢ o -
dudulseandilotnnuavesiogh IsouuseuAu (Reduction factor)
ANVNUIDITAAN [56UUTSUUAY (Thickness of surface materiel) HUIY LUAT
3t ] o . r o
ATTUAIUNTUYBITNNNY WY (Human body resistance) HUIY Taviy
9/ A = ] 1 9 o 3/ v &
AnuATUMIUS s InTnszue Inashuseuaifium it Tovy
Y & P ' tod ow g ) o
AMumUmMuTilsanniinszud nasiuszrindesium v leviy
ATUAMUNIUDUWIZVDITLUUAY (Soil resistivity) Huay Teviu-uas
ﬂ'ﬂil'531’11,!‘7111&%1“113‘!10-3’3'?[@1?!15 BUUTSUVAU (Washed granite resistivity)

] s
w0 ToWu-1as
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2.2.6 HaeInIndinzunssmievesszuureasAudsegldfu (Proximity Effect)

d't = ] 1 = 13 Yo o t:;t:l o o
Nﬁ!.‘lJ'éNi]'lﬂlliﬂJUﬂ%!,Lﬂ'ism'l‘ll'lﬂﬂ’e)ﬁ\‘lﬂuﬂ\‘iﬂgiﬂﬂu !ﬂuﬂﬂﬂﬂ‘igﬂﬂﬁﬂﬂﬂ’ﬂﬂﬁ’]ﬂig

Tumsesnuuussuudeasiu iegafinzunsimioaasauiseglaauiiniinm Irdhgena

ar 4 1 = L] é ] H r r 1
dnaiilih sqafitueguSnuamilliihdes Fwdwaldnszuafvarusimeasgszuy

= g} dy Al 1 [ =, a g1 g} a0 a4 dy
ﬂu'lﬂmwu [He9InszLUAZLATIMUIgARRIAN IHf IR NA TIMUS ITA NHL Y [1,2]

Surface material

T A g - -
LH OB 0l |bs

Ground grids v—J p ih |H

o] o] (o] o L)
1 4 1 4 ]

IProximity Effect 11189910NAYD3 Ground grids

519 2.11 szvVRzURTIMITIBYBTEULRBAsALIGBY TdAY

AIWTRATUINDINAUATS

Proximity Effect = [1 + ﬁ]
H

(2.16)

¥ [
fatiumanuaun s ninssue narussriailefushuazaany

- P =t ] ' ¥ oa LY
Arumusiuiisaniniinszue Iuarusenaidunh

nsdANA NI ETandnseua Tuaruseunsiienui
wissnndissuuazunsimiisasasiuisoglaau

AWITOANUINTINAUNMNS
1.3a
RI = RB +1.5C5ps [1"]’7)

pIfiAIANNATHMUIINEIosINT nTzua IvarussH U
ﬂ" = 1] 1 o3 L yﬂ
iissnndisyuuazunsinioronsauilegldau

AUITOAUINIINAUATS

Tnufiana

2.17

TavRiana
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R =RB+6Csps[l+—l-:;_—aJ (2.18)

2y
e
A 1 1 as
a = UnuAIEATINTanau (Equivalent radius of a foot) HANNIAL 0.09 1s15
C, = mudndszaniiiisnravasiagi 1souussuuAU (Reduction factor)

H = audnusIazunssaingnimifg v was

Proximity Effect = malfiosvinilszuunzunsmtsaeasdudsagiafu
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2.2.8 useiu Iihdudagagafiaywidarnsanula (Tolerable touch voltage, E,,,., )
ws 9 Iihdudagegaiuyudannsonuld dussilszneuiifionudiy luns
1 14
poNUUYTSUUABasAuDdanil Iifdes Aeaanussdndszniiegm 2 ga Mifaduvinms
fudaegh hidludunsodadia [, 2, 3]
3 o ar @ = o ¥
dmsuuswin Iihdudagagahuyudannsonuld

»
psaldIvNn 50 Alansy

FIWITOAUINIINAMST

EIOHC!!SD = Rr X 1:'50 (22 1)

ErauchSO :[RB +1‘5Csps (1_}_13_0_)) 0.1 16 (222)
2

¥
o s

ar Qo = o 9} 15 A ]
asiuuseau ihdudagagafinygudamsanuld  Taohifianaiiioanintiszuy
azunIINTITRDRIALHIag 1Ay

AHNTNATUINVINTNNDS

E.rauchSO = (RB + I 'Scsps ) 0.1 16 (223)
J
nsdliiviin 70 Alansy
TWITOATUIINTUANS
Eronch?{} = R: x I ¢70 (224)
Emurh?t] = (RB + 1 'SCsps (1 + l ‘3£JJ m (2-25)
A\

w a,: ar ar oA “ o 3 ey A =
avuussdu Iihdudagegefinyudennsonuld  Taolifasaiiesniniissuu
sunTan 19 wRoaIAuiseylAfY

FIWITOMUINVINAUAMS
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0.157

7

(2.26)

E'roncfr'm = (RB +1 SCsps)

2
o
¢ 4 o -
C, = dmudulsziinbilesnnmavesTaqgh Tssuuseuuau (Reduction factor)
] L
Epuse = Wissiubiddudagegatiuyudiiimin so flansy ansonula
1 o
(Tolerable touch voltage for 50 kg) HUW Taq
v 3
Epe = Wsadulihdudagegaiuyudiiimin 70 flansy eunsanula
(Tolerable touch voltage for 70 kg) 1Y Trad
R, = ATWATUMIUYD3319M0UYBY (Human body resistance) H120 Tovu
t, = ‘ﬁ?dl’)ﬁ'lﬁﬂﬁzuﬁklﬂaﬁ'l‘ui'NmEJ (Fauit clearing duration time) w2y I
e, = anuaunusmizvesTaah lsouuszuuau

(Washed granite resistivity) 1179 Toti - uns
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2.2.9 wssduIrtihsigegaiisnudasnsanuld (Tolerable step voltage, )
ussriu Inthsasimgegafinypdannsonu’ld  Wussdlszneufifianudiig  lu
’ ' k4
M389NIULTEVUABAAUYBIADTH Ihdoy Aedinnuandndsenings 2 99 ARadunn
' g/ P ] as 2 sl
mstrufnd luidluduasietedia (1, 2, 3]
dmfuusadulwihgradngegaiinyudamunsonuld

¥
AN 50 nlansu

MWITOAUIUNNAUAS
Es.repSO =R (2.27)
Eppso = [RB +6C.p, [1 £13 in 0.116 (2.28)
HIN\ i,

ot : or 1 g/ a o 1 ey & =
Aniuussiu Ithasingegafivyudausanuls  Taolifamaiiossniiszuy

azunIw I eseasduiliaglaau

AIWTDNUIVBINAUMG
0.116
E 5o =(Rs+6C,p,) T (2.29)
tS
Asalimin 70 Alansu
MINTOMIUININANNTS
Eslep'lo = R.r X Ic?O (2~30)
E, = (RB +6C.p, [1 +1 .31)) 0.157 (2.31)
o) s

ar n’: as r Yy o o 9 a d'i =
Astiuussin ithgasfgegeahuyudamsonu’ld  Teelufanaiiissnniiszuy
AzunsIaoAeaIAuReg lday

TWITOMUINNINAUNTS
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0.157

5

(2.32)

E 1ep70 (RB + 6C:ps)

&

A
$1k3)

—

LY

audulszaniilewinmavoadagf Isouussuuay (Reduction factor)
¥
=]

usadu Thaedmgegaiuyudiivimin so Alanfu aunsanuld

Il

(Tolerable step voltage for 50 kg) HU?Y Taad

1 v
usasu Ifheaadngagaiinyudiiihmin 7o Alanfu aunsonula

(Tolerable step voltage for 70 kg) #1E Tiad
AMUATUNIUYBITIATONYBY (Human body resistance) #1424 To¥
Franmiinszua IMarus1ane (Fault clearing duration time) #1738 IU1R
Anud MU nIzvesTaai Issuussundn

(Washed granite resistivity) ¥1{20 Toru - tuas
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2.210 ANNFIUNUBDITTVVADAIAM (Grid resistance, R, )

anudumuvesszuudeasiu iWuesswdsznouidanuddy lumseenuuussuy

T - =] ] [ 1 P 1 ' 1 o &
spasAuvesaail IWihdes anudumuvesssuvdsasdunisiinegsznang 1 Tevy fa s

4 i ﬂ' = 5 ¥ 1 =3 o 1

Teviu 1ff8391nA7 Grid Potential Rise fifavuiunaguszninmnszuanafuiiny
1] = A = ~ 1 ar 3 1 ¥ = =
dumuvssszuuaeasAuginssuaniafinigs AaulusnudumiuvesszuudeasAunlT

Y d'i ] a A = a1 Aa (=Y = ¥ o
ﬂ'lu'ﬂtl"]tﬂﬁ]ig‘ﬂﬂﬂﬂﬁﬂﬂu‘ﬂﬂﬂﬂll"lJ“U?Jﬂ'J']ﬂJ‘]Jf’Iﬂﬂﬂﬂﬂﬂ‘h’?ﬂuaxvliJlﬂﬂﬂ']']lJL’ﬁEIﬁ'lUﬂﬂQ‘lJﬂ'jm

MUTOATHIMNINTUATS
1 I '
R =p 1+ (2.33)
[L V204 [ m207 4 D
| Lx | Surface matenal ———._
T \.-—~ ': sF“[ }_{"", y i; ps ’_:‘-{\_ hs
Ground gnids ., o h
Ly
E I.I Y i

= ' a d o w sy oA A '
310 2.12 azunsennisgd nseBimtouiasa illududouse

¥ ¥ *
dwfunnuemanimmuavewzunTeie  nItinzunTInInIensthvioy

TGH "lummmm%ma"nmnmmusama mﬂummw nIousS AU LATARDA
di‘ o
AUNALUNTINNL
IUITORIUIUNTUNIT
n,=n, (2.34)
L =L (2.35)

LT = (2n.r‘L.r) (2.36)
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; Lx , Surface material ——_
ey
Sy
e 4 = S L NS
: . M /L-\-’f"\(n\/y_'j»,\/“ A S
OB B e
h
; Lx P }
’ N 7
e L
N i s, /./ ..L
t. Ground rod - - e
-~ ~ ~ : 4
- ® 2 — Ground grids :

Qr  of

31 2.13 azunssmeginsafivisudasaduvishusenss

¥ M .
FIMTUANITIAIT NIV UAYDIAZUNTIA I IIAZAITNYTIININUAVDUNAY NI

azunsIngzinssimdsuigialiuvisudendenusnaudusenas  wSeuSnuun  wie

1
]

»
‘Uﬁ“DmLﬁ’u‘iﬂlﬂ\?!!ﬂmﬂﬁﬂﬂwuﬂﬁm!ﬂi-ﬂﬂ'ﬁhﬂ

AMWTRATUIUDNANUA TS
L =(2nL.)+(nL) (237)
} Lx i Surface material

OB L 8 00 s
Groundgridsxp h

g Lx !

31N 2.14 azunssmnitegns simdouiui lilunsdudoude

» v ]
dwsuanuemdihiainuavesazunssaiie  nsliaziunsnvissUnselivaon
3 9 17 1y r o & I S =] - b=} = 3
Huh lilluvishuFeudenuinadusents wieuSnanw  wisuTnudusoulazanen
¥

AUNASUNTIA WG

AINTDATUINDINANNTS
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L =(nL)+(nL) (2.38)
Lx ] Surface materal
DOBYE D G moC ne
h

Lx pl

T

-

Ground grids
31 2.15 azunsenniegnssmufouiuilinaduifeuas

¥ »
TIMTUANUINIAIU IR UAUBIAZUN TIATVWHDSANIUININIHUAVIWNIAY NIl

] = d' ey 9 o [ P = k) ] = P}
L’llﬂ‘iﬁﬂﬂﬂﬂgﬂﬂiﬂﬁmﬁﬂuN‘HWl:lJl.WNﬂlll‘b’illjﬂE)‘l“l‘]_ISL’Jill!‘fTu‘iE)‘]J'N HIDUIFIIUYY  HI9

b4 v
ﬂﬂ'gmIﬁuiﬂﬂ?ﬂ!!ﬂZQﬁﬂﬂﬁu‘l’lﬂt!lﬂﬁ'dﬂ'ﬁj’lﬂ

4~
Il

n =

h, =

B~
1

ANITRATUINDINAUNG

L=(nL)+(nL)+(nL) (2.39)

e

Audaoniliihges (Area of substation) MH78 @15 19N 5
ANANVBIATHIAINIVBIAZUNTIAUIY (Depth of ground grid) WU 1WAT
A2 1WITIVBIUNIAU (Length of rod) HUIY INAT

AT UETI 21 T MRV AN T4 DAL A IV M UAYB TR Y
(Total length of ground conductor) HUY UGS
AWINANNUDIAZUNTINTVIOA TUHU N x

(Max. length of grid in x direction) WU IUAT
AWITIFINVDIALUNTIAVIWATLBUMINY y

(Max. length of grid in y direction) HU28 [UAT
Sruudnivesazunstieiilsrosviese i ninieiusinme
ATUUUALNU x (Number of ground conductor for equally spaced grid x direction)

S1UUAITIvRIAZUNTIRMNENI T EE KT e IE MR ua i true



ATUUUIMNU y (Number of ground conductor for equally spaced grid y direction)
4 T . . 1 o
ATIUATHURIUVIINSUNTINUIY (Grid resistance) HUIY loviy

ATWATUN U UWIZVDITTLUUAY (Soil resistivity) M1 Toriu-luas

29
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2.2.11 NIUANIAGIYA (Maximum grid current, /)
= o e s v -
nsznaniagaqe Wussilszrevilinnmdify  Tuniseenuusyuudeasiuves
Y T as Ay v T 1 =y & T -
aondl IWihdes nssuadaieesh Ivaduszunsagssuuduiiasnnszuy iinans
AR995HUD Line to line to ground fault H3oU Single line to ground fault [1, 2, 3]

TWITRATUINDINAUNS
I =D,I,1000 (2.40)

AMTUNTSUTDTATNIIAT

ANNTOAIUINNINANA
1,=8.1, (2.41)

§1M3Y Decrement Factor o lumuduiiuivestrsnanfansznadaieesgszuuau

181984 1801AR715719% 2.4

M519N 2.4 91 Decrement Factor

FNIAUAANTLUAAAMT YIS UVAY Decrement Factor
0.008 1.62
0.1 1.25
0.25 1.10
0.5 N5PUINAI ’ 1.00
tije
Df = Decrement factor
[f = NILUTNAINDG (Symmetrical fault current) H1U39 nounly
I, = AIZTNANTAANNINT (Symmetrical grid current) #1420 LONULS
I, = nsguaniagaga (Maximum grid current) 1430 uaunys
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o ey

2.2.12 wsadu IvhAiindufifi 8y (Grid potential rise, GPR)
ar 44 & da a ¢ et o w 5
e i induiify dussflsznovifianudiiy Tumseenuuuszuuss
asduvesamiiiihdes  mslsufiunnulasadslumsesnuuuszyudeasiuvesaoi
IfhdeslasnianfSoudiounn Grid Potential Rise AumusedulWihdudagqegaiuypd
] r 3 ] )
amsonuld  windwssdu i dsduiifioty  Tanleoadiewseiuidhdudagegah
o 9/ 1 ] = =] ] P = as 1
WHIEWITINU A naesisryuRRasAuvesanti Ivthdesfieanuuuiniiaends us
] v d 1 ]

wine1 useAu TihiRuduiffy TawnndmSsshdusussdu thdufaqegaiiuyud
awsanuld  uaesdszvudeasduvesaniiiWihdesiesnuuy ifinnulasasedes

WsanUssiuanulaeadtlumsesnnvuszsvvasasduludduasld [1, 2, 3]

FINTAAUININAUMS
GPR=1I,R, (2.42)

A
1y

ro ' v
GPR = useiu I iAnIuRnA8Y (Grid potential rise) HYw Toad

—
©
I

= NIUANTAGIGA (Maximum grid current) 1120 Lauuls

AMMUATUINUVDIRLUNTINUIY (Grid resistance) N2y Toviu

=
[
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2.2.13 useduIndhwivgega (Mesh voltage, £, )

nsedu Tfhegage Wuesddszneviiinnwdny Tumsesnuuuszuudensdu
yosafi lihdes  nuiilszfiuarwasasslunisesnuuuszuureasduvesantii i

T =] = ' VI § LY o o ar = o
geulaumalSowdoy Awssdu IWfhwsgegaduawssau IMihdudagagennysdonsa
nuld mindwseiu Idihwsgagaliantesndmussiu ihdudagegefinyudaunsony
18 uoasszuudensdvvesanilvihdesheenuuniniwlasads  Selignsfiniran
Usziiunrmilasadsluniseenuuussuvdensfudduas il uAmnswsadu Wiy
o ' ) toaor ar I ar o = 4 a4 ' d
gegalamunnimiaivusmssiu IMthdudagesgahuysdannsonu 1§ naashissuvde
a Fo1) 1 = n a g - [ &
asAuvesreil Iihdashesnuun hifinrmilasasudesfiosunlsudsaimsesnuuy deem

1 1) ¥

us s IihduirgegaiinfiuSnu e M Tavfeziias 4 Yesdesvsayuaziunsearnie (1, 2,

3]

35U 2.16 gniinaus sau A uurgege

dmsuausdu i

ATDATUIMINAUMS

E —_ p]GKmKi

. (2.43)
[‘,\!
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hod I ar ar = n‘ 3 ) 1 ] 1 ar
fl"]?ﬁ‘Uﬂ']ﬂQﬂuﬂlﬁuﬂizﬁﬂmﬁﬂﬁi]'lﬂNfﬁmd5’&’63‘]'11\15311’J'l\‘iﬂ')‘lﬂﬁ?']d"ll‘i«l’luﬂu‘liﬂﬂ

azunsamedmivussdu Wiy gaga

TWTOATUINDINANNT
2 (D+24) :
sz_l_. In D +( + ) _i +£’_ln —--—--————8 (2.44)
27| |16kd 84D  8d| K, |=(2n-1)

dmsumagudulseiniiiosnnnarssdnyazn1s19nzNTIA1U1e ndl IuTiuns
fueuns nienzunsaminsliuvsdwisuasegimiuioous lioudeusiinyu

HIWTOATUINDINAUNTS

1
i~ 27 (2.45)

at P oA ar ) ﬂ( A o 1 =3
'CT']“HﬁJﬂ']ﬂ?ﬂﬂlf’l’llﬂi:ﬁ‘nmﬁﬂﬁ]'IﬂNﬂ‘ll'f]\mﬂ'klmzﬂ’li’.]'l-ﬁﬂzuﬂiﬁﬂ'lﬁﬂﬂ ATUAZLNT

[ v » »
smdeliunanusaudeiuSnudussu nieuSnuyy nieuTnadusevruazaaeaiul

AZLNTIAIY

AINTOAIULINIINTNNS
K. =1 (2.46)

dmiumdinudulssiniiiiosnnnavesnnudnveimsieiniwesnzunsan iy

AITOMUINVINTUNT

K,= 1+ L (2.47)

'y o/ - a ]
mmmwlﬂmaSgﬂmwmﬂzunsmww

FIWITOATHINNTUAS

n=nnmnn, (2.48)
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n, = 2L (2.49)
Ly
4 I (172)
. P (2.50)
* 44 )

n =) =2 (2.51)
i A
D
Ny = —m (2.52)
(L_; +Ly“)
-] s 4 s Qs = Q{é =y ¥ d' L}
dmFumargudulssdng mamﬂa‘]’umaqsnﬂwagﬂmwamzuﬂswww
AINITOMUININTUNS
K, =0.644+(0.148n) (2.53)
o as t :f, o o c: [ ] a ar
TIHILAIANUINIMIHUALOIA U N I NV IUDUVDIALHNTINUG AV ERY

usedu ihuwsgege nsdlifiisdudende wSeazunsemaeliunsfuiondeagiuau
Youus hireuneuSnum |

AIWITORINININANUNTS
Ly=Lc (2.54)

¥ ]
AMIUAIMIMWOINANUVATBIANNAINVINUAUVDIATUNTIANIY  UDZUDIUNIAY
o o a <l = ] I a ] ] ) 5
dmiuussau Ilihwrsgage nsdinsdlasunsiaeiumsfuideudefusnaduseuns nis
YSayn nieuinuduseuluasaasaiuinzunsamaing

HIWFATUIUTINTUNTT

Lr

JLI+L}

Ly =L.+|1.55+1.22 L, (2.55)



b o= oA A

E!m ab

o By T~
X s

IR

Zhe

B

uianil 1A 1d08 (Area of substation) HHIY AITIUUAT

Do ZEhy

2y a

#UND19D4 (Grid reference depth area) UAUNITU 1 A15194AT
!.t?r‘uFhf,{uE'l{ﬂﬁ‘lﬂﬁ"éﬁ"ﬁllmﬂzllﬂiﬂm&i'}ﬂ (Diameter of grid conductor) MUY LIRS
ssug s EnIRANIIRIIINUR BN Ity

(Spacing between parallel conductor) #U28 AT

TTYTHNGIAATLHIN 2 90 VBIATUNTIA1UY

(Max. distance between any two points on the grid) MUY WAT

usafiu Ifhuurgeqa (Mesh voltage) n1ian Taag
ATUANYBIMIHIANIYBIAZUNTIRINIY (Depth of ground grid) MUY 1A
AUANS1984 (Grid reference depth) AAUMAY 1 1915

DITUANSAYIYA (Maximum grid current) W10 Uy
Fnudulszaniiiominavesnudnvesmsisiniwesnsunsamt
(Corrective weighting factor)
ﬁ";ﬂmﬁ’nﬂszﬁwﬁlﬁmmﬂwmaaz°fn‘ymz§ﬂ‘ﬂswmﬂzuﬂsamﬂhﬂ

(Correct factor for grid geometry)
Figuduilszaniilomniavesdnyazn1iazuns v

(Corrective weighting factor)
FgaudutszAniiilniniavesssesinszniheiniwemzins wy
ﬁmé'uusaﬁu"lﬂﬁuu‘ﬁqaqﬂ (Spacing factor for mesh voltage)
ﬂ'J'lIJUTJVGFQ“rﬂJﬂﬁJm@?I”Jﬁ'I‘lJ’eNﬂmLﬂEQﬂ'i‘lhﬂ (Conductor length) WU AT
AT IRV IAZUN T I BUAL AL AN IAYB TR
dmiuuseru 1WA uuwgaga (Effective length for mesh voltage) W10 1A
mmamé’f’uiamwﬂaﬁ:uﬂsqmﬂhu (The peripheral length of grid) U WAg
AUYIIVBUINIAY (Length of rod) MUY 1IAT ‘
AN ATB T (Total length of rod) HUIY LUAS
ATUETIANIIVBINSUATINIUIBATUUUBIAY X

(Max. length of grid in x direction) HUW IUAT
AUETIAIIVDINZUNT IR TUUN AU y

(Max. length of grid in y direction) M8 13RS5
wlamesitesninravesgUnsisazinssnidefiseditlszneues

o .
itWfme g n,,hn,,n 1, (Geometric factor)



36

2.2.14 ussdvlihaiei1agega (Step voitage, E;)
Assdu iiwheingege Wuessilszneuiiliniud ey Junsesnuuuszuude
asfuvesamil Wdhdes  mssziiunimalasesvlunisesnuuuszuudensauvesnniil
IrihdesTasnisilSoudiou  dwseduiihgrsdngegatiudmssiuhihgdngagad
wypdansanuld masuseiu ihhadngegaianiosnimusdu ifhnefiges
= o ' 1 a = T = - =R
Auyudannsanuyld uaasdnsuvdensiuvesanil Mihdesheenuuuiinaunlaends T
ldgmsesnuuuszuudeasduludwudely udmnsmssduliiheingegaiisnnnnd
24 1 ar ' ar o ol = o t 1 o =
wiehfuams iy IMihdufagegqafuyudmusanuld  sansdiszuudeasduvesanil
r i L) o o Qr é L ar L)

Wihdesneennuy lufiarilaesdedesiivtsmuliulyentseeniuy FeamssduTrhes

Angegamanusnusyndtega P uazea Q Tavhtiszerviheseniaassan 1 as (1,2, 3]

| L x

| KO

e

51 217 vinuaRanssdu Iihysdngeas

dmivamswu Idthdedngsan

AVOTOFAIUIMDINAUALS

E = Pl KK,

2.56
A (2.56)
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oY 1w e N Y- ' «w o d .
dmivmdigudulszaniFunaduilosninravesssesnssn g niieuy
fuvenunsanvsdmsuus iy Iuihsasingega

TR IUIUVINAUAT

11 1 (1-057)

=—| — -+

s (2.57)
wi2h D+h D

dwmsuaanugitrusvesdniinvuuiutenzLAT 1Y dnfu
ussdu Itheadngage  nsdilifiuidiuigouds  nieasunsamioliuneduisoudoag
$uauteoun luiFenaonSenm

WITAATUINDINAUAIT
Ly =(0.75L;) (2.58)

AMTUAMANNEINIMUABDIRINAINVUIUTUUDIAZUNTIANE  UAZTBUINAY
dmsuuseiuWihyedngege nsdiazunssmnliuisfuiendenusnandusouis nde
¥ ¥
U3y vieuSnuduseuaznasafiufiazinsaag

ATTOATHIUIINGUNIS
L =(0.75L.)+(0.85L,) (2.59)
e

D = szeevassninednhfiuuiusuresasinsne

(Spacing between parallel conductors) HU28 11AF

E, = usaiuTi#hea9f1agega (Step voltage) m1ian Toad

ko= AuanveIn1sieAniesnzunIamang (Depth of ground grid) W12 1uAs
I; = DSTUTNIAYIYA (Maximum grid current) ¥H20 nouudly

K = ﬁaﬂmﬁuﬂszﬁwﬁﬁmmnwammﬁ’ﬂymzgﬂmwmﬂzuniqmﬂw

{Correct factor for grid geometry)

) Qs o A ] 3 W o L]
Ks = ﬂ':lﬂﬂ!ﬁlﬂjigﬁ'ﬂ'ﬁlﬁﬂ\'ﬁl'IﬂNﬁﬁlﬂﬂ?ﬁﬂg?f'N531’7?1\1%?1«!1%‘3\1?131lﬂ'i\‘lﬂ"l‘i!'lﬂ

ﬁww%’uuseﬁu'l'ﬂﬁ‘l‘ﬁwﬁ'nqqqﬂ (Spacing factor for step voitage)

L4
Lo = fMgINenunvoinniiueInzuns g (Total length of Conductor) ¥120 1S



L4
AUINININUAVDIUNIAY (Total length of rod) WU LUAT
¥ »

ATWHIANININNAVDINSUNTINNI AL AU ININBAUBAIVIAU
ﬁ'ﬂfi’%"ﬂllﬁ&ﬁ"l.lulﬂ‘ﬂ‘]‘l;’?ldf’)"lilq&q{ﬂ (Effective length for step voltage) HUW WINT

o & Voo o
uiminestiiesnnNavesjnswnzunsmIeFdiosnlszneuves

o
uanes n,,n,,n,,n, (Geometric factor)

AUATUMIUTUWIZVBITEUVAY (Soil resistivity) ¥ Toru-uas

38



39

2.2.15 msilsativanuilaenfavesmisenuuussuuneasiu (Safety check)
=) as o o 5 ar 1
nsilszidiuarunlasads dussfilsznevfiinnuddy lumsesnuuuszuuseas

b d
anvessand iWihdes msdsuifiuanuilasaiufieg 3 Uszmsdadi [1, 2, 3]

1
=i

nsdsziiunnloendvsendng Grid potential rise Aumusain INThdudagegan
o u g
uyHiEITaN 14
AITOAIUIVVINTUANT

GPR<E (2.60)

touch

mstsziiunnudasasvserninamsianIiiwygiga  AuawssduWdhdudia
gegafuyydannsonuld
AWNTOAUIUVINTUMS

E <FE (2.61)

m touch
mydsziiuanulasasusznienussiudiedingage  duswseiulitheae
Angegafiuyudannsonul4

AINITOAIUININANNG

E<E (2.62)

5 step

&
g

P4 3 das .
5@ U I RRuAIURRIAY (Grid potential rise) Miaw Trad

)
A
I

E, = usesduIwiuuygega (Mesh voltage) ¥1iao Toad
E, = ussiuwtheaaiigaga (Step voltage) 11iae Toad

= useru IWdhasimgegafiuyudannsonu’ld (Tolerable step voltage criteria)

step

) o
vuqe Thaa

Lmﬁu”Iﬂﬁﬁnﬁ’aqnqwﬁnuyﬁﬁmmimﬂu‘lﬁ’ (Tolerable touch voltage criteria)

touch

» o
e 1iaa
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2.2.16 MIAADHIUANVBINZUNTINIVNIE (Conductor reduce)
> 1
MV THIUAIT NI UAVDIAZUATINIENI TLIZH N TEN IR a0

AUnavo [4, 5, 6]

AVSOMUINNINAUNS
n,=n.+n, (2.63)

dmsumiiguduilsedns 2

MIWTATHINIINANATS
B=-926¢""" +66.337 (2.64)

dmiumdguduilszing ansdl 8<n <20

T OFMUINDINANNTS

a=1212¢7%") 11 4864 (2.65)

o e o o =8
nioMAguEIlsednt ansil 20 <n,, <30

FIWITOFUIMVINANATS

a=121.2e""") 11 2664 (2.66)

wiemdnguiulszng anvdi n, > 30
AIWITDNUIDINAUMS

(—0.417!‘,)

a=121.2¢ +1.1400 (2.67)

o [y ¢ o ar ]
'ﬁ']‘l‘fiﬂl'l]ﬂ'il%'uﬂ'lﬁ"JJigﬂﬂﬂ'}ﬂﬂﬂl'ﬂ\?ﬂmmiﬁﬂ"ﬁﬂﬂ

TWITDAIUIUINTUNISG
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s
A=—100__;100% (2.68)

1+[a£)
100

AWMUV WMZLAT I AT T ez 19T I NA YA Bl g naue
ATNLUILNY X

TMWTDAIUINVINAUAS

n.=n(1-1) (2.69)
HIOAWUUIAN y

nJ =n, (l—ﬂ.,) (2.70)

iiie

n, = Swoudnhwemsunsanviofiliszesvasenindnivesuaiuaue
ATUUUIUNU x (Number of ground conductor for equally spaced grid x direction)

n. = fwaudnhwesazunsimoiilssozviaseniedainiety Wasee
ATUUNINU x (Number of ground conductor for unequally spaced grid x direction)

n, = Suudnimewmzunseiifssozviesenhedniviiuasiee
ATNUUIUNU y (Number of ground conductor for equally spaced grid y direction)

7, = Swaudnhesmsunsmeiilssosvinassiedaninietu lasuaye
AUUUMNU y (Number of ground conductor for unequally spaced grid x direction)

= Smnudnhvmuevsmsinsnoidszosiesen ety uawe
(Total number of the ground conductor for equally spaced grid)

2 = wesiumsilssniaiaqueinzunsaniiy (Percentage of the save material)

a = fmuiudssAnisifnnnsmaces

s o

B = snudulszdniildsinmsnaass

v
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2.2.17 M3IANHIHIvBIREunIImUte {Conductor span)

STEEH NI A NIGIGAYDIAZUNSTIAINIY (Central conductor span, d, ) i‘fuag’
fusuaudniwesmzinssaefifsresiesendndninieiu himive  Tuisasd
windudnnugsssshessnidnhigegavesnzinsaieiificsfes  udides oy
Fntwensinsenieiitssesi sz uidainieiu himivae Tundasdnuduiwand
seuzvnsznIdhgaavesazunseedsnang  Tesfiszesvssnied niiinihiu

[7,8,9]

d max di

i=0 1 .. i..m

37U 2.18 dnvazns S ndnhvesnzunT I Y

FIMTUNT AT MIUAINVRIRZIAT RN Tz a9z I a ey T
aduanadiudaug amuuiuay x

IWNTDATUINNNARNG

L L(-0)

max

(271)

n,

1+C - ZC[;]H
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NTOA LU y

AINITDFUIUINANUNTS

L (1-C
d = J’( ) 2.72)

max
a,

2

1+C- 2C[ xv]ﬂ

dnFunsdsaudnivesnzunssmvIeRlisses sl
gt uS WIUR AU LAY x

TIWITDATUIUDINAUAT

P o) (2.73)

max (n_..'— I)

211-C 2

ATOMULUUINY y

UTORIUIUDIAAUNIS

L (1-
= 7 (1-9) (2.74)

max (n_‘.l—l)

211-C 2

dIMTUTTOLHTENINANT WD ITBLed AN / (Conductor span, d,)

TIWITOAIUIUIINAUNIS
d=d_C (2.75)

FINTUT I IUYDIDVVDIAZUATIANNTY | = 0 —2—>
sEIINANIIRIATLUAS I RTs eSS e A e T e e u
FIHINEG AWUUAU X

TITOAIUINVTINFNNIT
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m=-X— 2.76)
5 (

HIBATNUUILAY ¥

AWITOATUINIINTUNS
N

m=_x ] (2.77)
2

AT IUINA NI B IREURT WU RT Zee 1T e e v e T ainauetiy
FIUIUR MWLUINAY x

AITOANUINIINTNNG

(nJ' —1) —I (278)

NISMUUUMINU y

AINITOATUINIINAUAS
=) |
m=-——=—] (2.79)

FIMIVOAIHIUITILHNTZTHITANNTMUIZEY (Conductor compression ratio, C)

} 4
o

Fusgnuaruganhvesasuns e luusazdy maanusdmihvesnzunsamiiens

2 fm daihfusandiuszezeseningnimimuzaudifisdtdon  uaieaiiuen

> > ) vy oW 1 v v w o o

NINVTIALUATINYNG 2 ?gl"ll.l ﬂ'uum"lm‘mnu‘ammmszﬂxmsszmnmu1ﬁmmzfm
- r s :; ] o t 9 u’.: dy =t d.'{ [ :::1 1 3

JATUIUL Tﬂﬂmmﬁ1dnu1u1,mazﬂ1u MUNTH C =1 WIASUNTIANIBNYTTOTHIITESHIN

AN RNUMINTUDA LU X HAZ AIMIHIAYY

FIWITOATHIMDINTUNS

0.00014

C=a,+ae +a,e™ (2.30)
¢ 1 2



FRTUMFUUSSENT b ATUUUANY x

TIWITOATUIUVINAUAIT
b=-0.3503-9.6311e7%%

HIOMAUUUAU ¥

AWTOAUIMVINTUNG
b=-0.3503-9.6311e "%

o 3 s = nf
dwmiumdulizing g,,q,q,

TNNTDAIUIUDINAUNG
ay = ay, + agk +a k’

a, = a, +a,k+a,k’
a, = a, +a,k

o ar ] o 9
dmsuauramasmsazney

AIWITOAUIUDNALMST

(p-p,)

=5

(p+0,)

45

(2.81)

(2.82)

(2.83)

(2.84)

(2.85)

(2.86)
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v ar a o ¥ o o o
dMIuTuUse T ay,, ay,, ay, &, 6, @5, ay 103 a, 0g uRTWANRUTYES

AEANihwensuns s luuanzfu gadesldeinaisiedi 2.s

MmN 2.5 mdulsefinga,, a,, ay,, 4, a,, a;, a,, 4y,

dulseing L, <100 | 100<L,_ <175 | 175<L, <230 | L, >250

a, 0.44 0.38 -0.51 032
a,, -77.43 -50.65 33.18 -15.44
a, 15.63 13.88 18.49 13.42
a, 0.033 0.19 1.15 038
a, 76.9 5021 32.82 15.16
a, -15.56 -13.83 -18.44 -13.38
a, -0.067 -0.037 -0.029 -0.022
Oy 0.50 0.41 034 0.26
lf;'ﬂ

ay,a,a, = mandszdnidmivdnmdandussesruszni@nhfinzay
r s ) Q.‘ T o L o e
1> Aoz s Aoz Oy iy Gy s 0y, = PENUSEANTRE AT AURUT YRR WENIANI VRS
azunseanalundaz A

o [l
mMaulssdnTd M uA N MISR IdINTZITH 19T eNIRMLIE T

b =

C = Sandruszoziiszuindnidiomizas (Conductor compression ratio)

d, = seoer1esEnIndnivesgesdesddud / (Conductor span) M3y as

d .. = 3288¥195eMII@NIgegA (Central conductor span) M0 1IAS

h = aawinvesmsHlaaiTvesaznsanIvie (Depth of sround grid) H1i38 MIAT

i = §IAVUBITOIDBVIIATUATIAINIG

k= unwesmisazfiou (Reflection factor)

e = ATIUETIA I TVBIAZUNTINVIGRUIUANY x {Max.length of grid in x direction)
U AT

L, = a3gmdniveasunssaivigauiuInny y

(Max.length of grid in y direction) ¥U28 AT

$IUIUTBITDAVIIALUNTINI 1Y

3
I



Ps

ATMAUNIUS UNIZVBITLVUAU (Soil resistivity) MUY To3u - uas
mmﬁ’mmuﬁ‘iuwwmaﬁﬁqﬁ'isﬂuuszuuﬁu

(Washed granite resistivity) e Tory - wng
Srudnhvesmzunsandeiilssesvessnidnineiu laduaue
AWLUAAU x (Number of ground conductor for unequally spaced grid x direction)
Srumdnhweazinsinofiiszesisenind ity hisdaue

AWLUIAY y (Number of ground conductor for unequally spaced grid x direction)
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:.,1 ) =y = i ﬁ‘d ' ' o o
3.1 ‘U‘Mﬂ'E)‘Hﬂ'lii’)f’)ﬂ!l‘iﬂ]ﬁ%‘].I‘iJﬂ@'ENﬂu‘lll’.’)ﬁﬂ'ﬂ'l‘l-!ulﬂﬁ]ﬂﬂﬂ?’lﬂ‘igﬂgﬁl\ﬁ%ﬂ?ﬁﬂ?‘ul

vasnzunsamesfuliminaus
» »
dunBUNITIBALLLISIUABAIALYDIDI IWgpsRlseoseTenIad e

[ ¥ ¥
azunsaanevenu lasinaueilszneudae 14 Tunaudneluil

. F]
v : drvdoundis i
Fusnoud 1 )
L
z : A UMY vien A ]
Pxoud 2
oy | A bl Arigepfingmdeansam 8
Annnus ¥ iinhfingeeinedrnomdii
. .
dhoufl 4 . o
| MvuanisoanuUdiodiu
dumondt 11, : FTHINAVA TUNTHYE PN TR T
Humauil 5
Uil s ssontuy !
F. h
: : ATImNT en Intarm
dnmout ¢ LA
huouii 7 -
finranlyadhuranioonrTe
IgRg < Etouch
Yaloonsa
- -
Yroudi s Arnnius win oy
TE LIRS L R R0
v .
dumoui »
hilnons Al raivn1ilaserd
Em < Etouch
. thmouie
"bieanty
Bmouil 12 aylTenadvanisoantuy
s miEnRLDIem 1 WA e

(a) NIATTITHINTLNINANIVoIRTLAT I e UaTLTYe
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) :
v : Moo
daond 1 !
)
> : AT untad 1l wioa diu
o 2
: | Amosus IRt T S e
mauila | . e g e
Anuanus AUl gpnmdrinam1d
mouil 4 . FEe
finmnsoanuUULaW
. . Avqaoufl 5 - L
Fumauit 11 AMIVATWATUNIURD WM=UN TV
U$inlyamsoanuw . :
: 1 wmouile !
A TN TR AR KR
dmouil 7 -
ol szaivalaonsa
IgRg < Etouch
“Witkveariy
eoufl 3 A i hoiaryein
A rnus i Indanaigere
roud ¢
Wirlogasfy Annnlsediuaulaonsd
Em < Etouch
v .
wikans duroud 10
aonng Amanndszsiunanil nonrs
Es <Etouch
Noudt 12 - {
AW Nowmzn s Thenil
seasv1asa i et llaninane
St 13 a
ARUIzgn Iz o Mmauny M ry
montl 14

(b) NTMSTULHTTHINANvIRZIATIIU YA i nayD

3% 3.1 manfSeueunssurumsesnuuusEUUAsasAuvesanil IWvhder

s
anlyeasByaniseaniun
TwiERAuE e Lo
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3.1.1 Tumoui 1
L) ¥ g ¥ o a ] = 1 U dy =
ﬂ'l'i')%"llE]lal,ﬂmﬂ\‘lﬂuﬁ'l‘HS‘Uﬂ‘]i'ﬁ]ﬂﬂllﬂﬁizﬂﬂﬂﬂﬁﬂﬂu‘ﬂﬂ-ﬂﬁﬂ’]utlﬂﬁ'lﬂﬂﬂ YHIANWUN

= 1 ' 4 ) o
vaaamil IWFhdon uazamnud N INS uINIZYeTE U LAY

3.1.2 Tunoun 2

MUIUTUIAVDINUIHBAIAU (Conductor size) VINTUNIT (2.1)

I
A = L 3.0
1CAP107 ) (K, +T,
1.2, P, K, -1,
[io
. = NUNHTAauRId NUDmEINS ey

mm

(Conductor cross section area) HUW AT 1UNAT

3.1.3 YUROUA 3
fnrausedu Indhdudagegafinyudamsonuld uazusediuliihaedngegai

uyndam1sanu1d (Touch and Step) BINEUAS (2.23), (2.29)

‘Enmf.hﬁu (R +1 SC P )(T‘J (32)
E\ypso =Ry +6C,p, )[T] (3.3)
tilo

] ¥
E o = 398u i dudagegafinyudihimin so Alansy enunsonuld
(Tolerable touch veltage for 50 kg) 1Y Iil‘ﬂﬁ
v s
E,s = w3dulWfhgaadigegafiuyudiimin 5o Alanfu awsenuld

(Tolerable step voltage for 50 kg) U7 Taad
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3.1.4 VuABUT 4
v N
4 .. . 3 o o » ) [
ﬂ’]ﬁUﬂﬂ'ﬁﬂﬂﬂllﬂ‘Ulﬁﬂﬂﬁu (Initial dESlg'n)‘ﬂ'1‘”'31"!ﬁ?u?mﬂQﬁzllﬂiﬂﬂ'ﬁl'miul!ﬂﬁgﬂ'lu

%"m'mu‘n'aﬁmmzmmﬁnmmmumamq}w

3.1.5 YUABUN 5

AMUIUANUATUNIUUDINZUNTIA Y {Grid resistance} VINTUN1T (2.33)

1 1 1
R =pl — 1 (3.4)
# p[fq-+J20AL +h\/20/AJJ

A
s3]
] 1 a
Rx = ANUEIUMUUDINZUNTIATVIY (Grid resistance) H13# Totiy
& =
3.1.6 YUABDUN 6

ﬂ°1u?mﬂizllﬁﬂ§ﬂ’q\‘iq¢1 (Maximum grid current) 91AAUANT (2.40)
I(; = fog 1000 (3.5)

p
e

I; = DIBUANTATIGA (Maximum grid current) 1120 onuly

3.1.7 Yunoudi 7
fiuansziiunnulaenny (Check grid potential rise) BINTUNTT (2.60) FMTUNTH

9 N W .
finnudasads llvinduneuii2 viensa ludanudasaselUsidunoud 8

GPR < E'muchSO (3.6)
4
io
a A o é‘ —sa o R . . ] o
GPR = w59 INPh AN uAUARIAY (Grid potential rise) ¥12e 1768
. ] t
E s = ussauldidudageganuyudlimin so flandy annsonuld

(Tolerable touch voltage for 50 kg) WHW Tad
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3.1.8 Yuneut 8
duanuseau Wi uuagega uazussduTifssdngega (Mesh and step) 90

TUNT (2.43), (2.56)

E,= —I‘f’"K' (3.7
M
E =_____p1(f_\.K, (3.8)
AY
lf}ﬂ

It

as ] o
usenu Tlfhirgage (Mesh voitage) niae Toad

o)
I

us i 1WR1929819g9g9 (Step voltage) M1ian Tad

3.1.9 Yumouii 9
Munilsziliunuilasais (Check mesh voltage) 91ATUMT (2.61) dMSUATHIT

¥ v v »
anuaoass lidusaunio nionsal lufianuasesy ldvdunoud 11

Em < E:'ouchSD (39)
&
e

E, = useu i uuygaga (Mesh voltage) vitian Taad
o o Qs -t L] oy ar = o 3
Epursy = W38ulifhdudagagafiuyudihimin so Alansy aunsonuld

(Tolerable touch voltage for 50 kg) W1 ITJEWT
3.1.10 THAUN 10
muulseliunnulaoafe (Check step voltage) MINEUMS (2.62) §MSUNIEN
@ [ ¥ [
anulasads ldiduneun2 nSonsal lidanulasasyluviduneu 11

(3.10)

)
ya

E, = usadulvltheaadiagege (Step voltage) msiae Trad
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[ 3
E useiu lihaedngegainuyudiiimin so Alansu awsonu’ld

step50 =
(Tolerable step voltage for 50 kg) v 1ad

3.1.11 Yuseun 11
Yiuljamsoonuuy  (Modify  design)  Wiszuvseasdu lulinnudasasiolau

. v ] 3 )
alfesuniasmsvenuuuniiosdu (Initial design) 7 1t mualudunoun 4

3.1.12 VHADUN 12

AN TUIUA I TVDINSURT IR S2ozH 195 e Naa NI iy laduaue

{Unequally conductor) 310TUNIT (2.69), (2.70)

n.o=n(-1) (3.11)
n_'v =n,(1-1) (3.12)
A
1o

7, = SUIUAIIU0INSHATIAIN NN Lo M9 HI R YA I e uane.

AULUANU x (Number of ground conductor for unequally spaced grid x direction)
7, = UG IIU0IRLUNTIANIENTTTE s EnId 1Y R Il et uaye

MUUUINY y (Number of ground conductor for unequally spaced grid x direction)

3.1.13 Yuneun 13

AUINTLILHNITHINANTIIVBINLUNTINYIY (Conductor span) NANAT (2.71),

(2.72), (2.73), (2.74), (2.75)

__ L{d-0) '
- I + C _ 2C(rgff3+l) ' (313)

d

max

. La-0)
max 1+ C _2C(n,'12+1)

(3.14)
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i = 2(1%((: az) (3.16)
d=d_C' (3.17)
L‘fl.’E!

TLULHNISHINANIUDIT00BR1ALT  (Conductor span) MW AT

(NN
It

SLBEHITEN T 1948 (Central conductor span) N IY LUAT

max

3.1.14 TuROUN 14

a3 wazdeamIeNIUUsEVUGDaIANYBIRa il Wby



@’ ) :.’I 3 1 =y oy 1 c;cl
3.2 mamwuﬂaumimmm@ams‘u‘u'izlmmmmumammu"lﬂﬁwaﬂﬂn

svozvhaszwheihvesazinssmanevhaiuainame
foyadmivmsfuinsenuunszuudeasinvesamil Inihdos A
Area of substation, 4 = 7704 m’
Depth of ground grid, 7=9.5m
Fault clearing duration time,{ = 0.6 sec
Fault current division factor, S ;=06
Thickness of surface materiel, 4, = 0.1 m
Soil resistivity, p=500 Q—m
Symmetrical fault, / ;= 5.28 kA(rms.)

Washed granite resistivity, o5 = 3000 Q—m

Y =
YUABUN 1
@ 3/ d? 9 a Qs 1 o = 1
ﬁ‘lﬁ'}ﬂ'ﬂayﬁlﬂﬂﬂﬂuﬁTﬁiUﬂTiﬂBﬂllUU531J1JﬂﬂﬁQﬂu“Uﬂ~3ﬂﬂ'luulﬂ1ﬁ'lUﬂU
Area of substation, 4 = 7704 m’

Soil resistivity, o= 500 ochm-m

%umauﬁ 2
AIUINUUIAVDIANIABAIAU (Conductor size)
ienAthnensAusiia Copper clad steel wire ﬁﬁ?ﬂ\iﬁﬁ’ﬁﬂ vﬂ‘ff
Ambient temperature, 7, = 40 “c
Ky=245 “c
Max.allowable temperature, T’ = 700 “c
Resistivity of ground conductor at reference temperature, p, = 5.86 uQ—cm
Thermal capacity per unit volume, TACP =3.85 .J/ (cm3 X "c)
Thermal coefficient of resistivity at reference temperature, &, = 0.00378 1/°c
Time duration of current flow, 7, = 0.6 sec
Formula (2.1)
Conductor cross section area, Amm2
= If

A4,
TCAPIO™ ), (K, +T,
1e,.p, Ko - T;
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Calculation

A, =528/,J((0.000385)/(0.6%0.00378x 5.86)) In ({245 +700) /(245 + 40))

i

A . =283347 mm®

¥
dgauiudanldvuravesdni

Conductor cross section area, Amm2 =35 Sq.mm

Diameter of grid conductor, d =0.00756 m

Sunerd 3
smaussiuTiihdudagegafivypdausony 18 uaus s lithgrefagegad
uyndeusanulé (Touch and Step)
Equivalent radius of a foot, = 0.09 m
Formula

The reflection factor, &

(p-2.)

=00

(o+p,)
Calculation (2.89)
k= (500 - 3000)/ (500 + 3000)
k=-0.7142857
Formula (2.13)

Reduction factor, C,

s
C, =1 £

© (2n)+a
Calculation
C, =1-((0.09x (1— (500/3000))) /(2 0.1) + 0.09))
C.=0.741379
Formula (2.23)
Tolerable touch voltage for 50 kg, E,.,.,s0
0.116

‘EmuchSO = (RB +1 Sc‘p‘)(TJ

Calculation

Eppenso = (1000+(1.5%0.741379x3000))x(0.116//0.6)



Emuchso = 649-369 v
Formula (2.29)

Tolerable step voltage for 50 kg, £

xtepS0
0.116
‘E.\.'r.'pSD = (RB +6C‘\.p$)[ \/t_ J

Calculation

E s = (1000 +(6x0.74137x3000))x(0.116/4/0.6 )

step50 T

E

stepS0

=214821v

si'?uﬂauﬁ 4

MvLaMIBENI IOy (Initial design)
Depth of ground grid, 7=0.5m
Length of ground rod, L, =6 m
Max.length of grid in x direction, L_= 107 m
Max.length of grid in y direction, Ly =72m
Number of ground conductor x direction, n, = 27
Number of ground conductor y direction, n,= 38
Number of ground rod, 7, =4

Spacing between parallel conductor, D =2.89 m

by) -
YUABUN 5

ATUIUA N IUNTUVDITEULADAIAY (Grid resistance)

Formula (2.37)

Total length of conductor, L,
L =(nL)+(nL,)
Calculation

L. =(27x107)+(38x72)
L =5625m

Formuia (2.39)

Total length of ground conductor, L,
Ll' = ‘Lc + (Nr‘Lr)

Calculation

57



L, =5625+(4%6)
L, =5649 m
Formula (2.33)

Grid resistance, Rx

R, = L+ I (1+ 1 )
« =P\ L, 204\ w20l 4

Calculation

R, =500 ((1/5649) +(1/,f(20% 7704))x (1 + (1 /(1+ 0.5,/(20/7704)))
R, =2.60444 Q

o -
YUABUN 6
ﬁm’;mﬂszuﬁﬂ?ﬂqaqﬂ {Maximum grid current)

Formula (2.41)

Symmetrical grid current, /,

]14 = S.f']f
Calculation
I g = 0.6x5.28

. =3.168 kA(rms.)
Formula (2.40)

Maximum grid current, /,;

I, = D,1,1000

Calculation
I, =1x3.168x1000
I, =3168 A

Funoud 7
Aaulsziiunnulooniy (Check grid potential rise)
Formula (2.42)
Grid potential rise, GPR
GPR = I,R,

Calculation

GPR =3168x2.60444



GPR =8250.8659 v
Check
GPR < E

touch50

8250.8659 > 649.369 not pass

%ﬂﬂﬂuﬁ 8
Anas iy Infhmsgega uazussdu i gredgage (Mesh and step)
Corrective weighting factor, K, =1
Grid reference depth,2,= I m
Max, Distance between any two points on the grid, D, = 128.9689 m
The peripheral length of grid, L = 358 m
Formula (2.49)

Geometric factor composed, 1,
Calculation

n, =(2x5625)/358
n,=31.4245

Formula (2.50)

Geometric factor composed, 1,

i —( LP ](]IZ)
iV

Calculation

ny = (358/(4x\7704)) A (1/2)
n, =1.00979

Formula (2.51)

Geometric factor composed, #,
L, Ly 0.74AL.L,)
n,=|—
A
Calculation

n, =((107x72)/7704) A((0.7x 7704) /(107 72))

n. =1



Formula (2.52)
Geometric factor composed, 1,

D

m

= 72

T (£ +L}2)
x v
Calculation
n, =128.9689/((107 A2)+(72A2))A(1/2)
n, =1
Formula (2.48)
Geometric factor, #
n=nnnn,
Calculation
n=31.4245x1.00979x1x1

n=31.7321
Formula (2.47)

Corrective weighting factor, K,

K, = f1+£
hﬂ

Calculation
K, =J(1+(0.5/1))
K, =1225

Formula (2.44)

Spacing factor for mesh voltage, X,

1 D> (D+2h) h| K, 8
K,=—In + —— |+ LIn| ———
27| |16hd  8Dd  4d| K, |z(2n-1)

Calculation

remark =((2.89%2.89) K16x0.5x 0.00756))+((2.89+2x0.5) A2/(8x2.89x 0.00756)) ~(0.5/(4x 0.00756)))

remark = 208.136917349
K, =(1/27)x((In(208.1369)) + ((1/1.225)x In(8 /( x (2x 31.7321 —1))))

K, =0.4338395
Formula (2.53)

Correct factor for grid geometry, X,
K, =0.644 +(0.148n)

60



Calculation

K, =0.644+(0.148x31.7321)
K, =5.3403

Formula (2.55}

Effective length for mesh voltage, L,,

L+

LM = LC + I.55+1.22(—L’——J LR
L+ L

Calculation

L, =5625+(1.55+(1.22%x(6 /(107 A2+ 72 A 23A0.5))))x24

L,, =5663.5621

Formulza (2.59)

Effective length for step voltage, L,
Ly=(0.75L.)+(0.85L,)
Calculation

L, =(0.75%5625) +(0.85x 24)
L, =4239.15

Formula (2.57)

Spacing factor for step voltage, K

KV——I—[L+ 1 +(1—0.5”'2)}
" m|2h D+h D

Calculation

K, =(1/)x((1/(2x0.5))+(1/(2.89+0.5)) +((1-05 A (12.516-2))/2.89))

K =0.5223
Formula (2.43)

Mesh voltage, £
E = pl.K K.

B !

" Ly,
Caiculation
E, = (500x 3168x0.43386395x% 5.3403)/5663.5612
E,=648.01461 v
Formula

Step voltage, £, .
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E — pIG K.\'Ki
R LS
Calculation

E, =(500x3168x0.5223x5.3403)/4239.15
E, =1042.226 v

2 4
YUNBUN 9
fAmsziliuauilasant (Check mesh voltage)

Check (2.61)

E m < Emm:hSO

648.01461 < 649.369 pass

Funeud 10

Aanlsziiunnuilaant (Check step voltage)
Check (2.62)
E <E,

xtep50

1042.226 < 2148.21 pass

Tunouh 11
UTutlyantseonuny (Modify design) lilaszuunaatauiinnuiasasslides

v ¥
nlavunslasmseonuuuiiioadu (Initial design)

‘fl‘:"i‘!ﬂﬂu% 12
#3UswazRamsesnIL s ULABAsANYBsanil InFhdos

Area of substation, 4 = 7704 m’

Depth of ground grid, A= 0.5m

Fault clearing duration time, 7, = 0.6 sec

Fault current division factor, S = 0.6

Thickness of surface materiel, .= 0.1 m

Soil resistivity, o= 500 Q—m

Symmetrical fault, / ;= 5.28 kA(rms.)

Washed granite resistivity, ps=3000 Q—m



Conductor cross section area, Amm, =35 Sq.mm
Diameter of grid conductor, d =0.00756 m
Tolerable touch voltage for 50 kg, E, . .o =649.369 v

Tolerable step voltage for 50 kg, £ =214821 v

sepSO
Max.length of grid in x direction, L, = 107 m
Max.length of grid in y direction, L, =72 m
Grid resistance, Rg =2.60444 Q)

Maximum grid current, /,, =3168 A

Grid potential rise, GPR =8250.8659 v
Mesh voltage, £, =648.0146 v

Step voltage, £, =1042.226 v

} L x=107m.
ny=3—
D=28m
1
T
&

nxX=27

63

Ly=72m.

310 3.2 azunssmdroaeil IWhdos Ansdlszosvieszueinhvesnzunssmaiorieiy
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L 1 :’J o L =y =) T l:;l-'-l
3.3 feeNsvuaauMsAINeMILLSEUDReaauvasao i W Woafill

svezessvhshvesazunssme e himinae
foyadmiunssnaeenuuuszyudoatauvesanii vihdos A
Area of substation, 4 = 7704 m’
Depth of ground grid, 7=0.5m
Fault clearing duration time, /= 0.6 sec
Fault current division factor, S =06
Thickness of surface materiel, /2 = 0.1 m
Soil resistivity, o =500 Q—m
Symmetrical fault, I ;= 5.28 kA(rms.)

Washed granite resistivity, ps= 3000 Q—m

e
R.

Tunoud 1
a ¥ dy ¥ o ar t o = 1
drynveyalssudmiumsesnuuussudeasauvasnail I ey
Area of substation, 4 = 7704 m’

Soil resistivity, £ = 500 ohm-m

%ﬂﬂﬂuﬁ 2
AUV IAVDIANIRDRIAY (Conductor size)
HonfiniidoasAusila Copper clad steel wire ﬁfi‘lﬂqﬁ'ﬁﬁﬂﬁqﬁy
Ambient temperature, 7, = 40 “c
K,=245 "¢
Max.allowable temperature, 7, = 700 °c
Resistivity of ground conductor at reference temperature, p, = 5.86 ££d—cm
Thermal capacity per unit volume, 7ACP =3.85 J/ (cm3 X "c)
Thermal coefficient of resistivity at reference temperature, &, = 0.00378 1/°¢c
Time duration of current flow, T, = 0.6 sec
Formula (2.1}

Conductor cross section area, Amm2
— ]f

A, =
TCAPI0™ Y, (K, +T,
le. p, K,-T,
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Calculation

4, . =5.28/((0.000385)/(0.6x 0.00378x 5.86)) In{(245 + 700) /(245 + 40))

nm

A, =283347 mm®
fu
ar 3 = ) o o
ﬂ@uuLﬁﬂﬂiT‘Uu']ﬂ‘Uﬂﬂﬂ'Ju'?
Conductor cross section area, Amm, =35 Sq.mm

Diameter of grid conductor, & =0.00756 m

o o
PVUADUN 3
=

fuains s Tiihdudagegaiinyudaunsanu1d uazussulWihaedigega
wyndauisonu 14 (Touch and Step)
Equivalent radius of a foot, & = 0.09 m
Formula

The reflection factor, &

k= (p— p\)
(o+p,)
Calculation (2.89)

k =(500-3000)/(500+3000)
k=-0.7142857
Formula (2.13)
Reduction factor, C,
(-2)
C=1- (2h5_)f‘a
Calculation
C, =1-((0.09x(1-(500/3000)))/((2x0.1) + 0.09))
C,=0.741379
Formuta (2.23)
Tolerable touch voltage for 50 kg, £, , ..+
0.116

E‘mudaSO = (RB +1 SC‘p* )(TJ

Calculation

Eppso = (1000+(1.5%0.741379x3000))x(0.116/+/0.6)

10,



E.n’rurdrSO = 649-369 v
Formula (2.29)

Tolerable step voltage for 50 kg, £, 5

(0.116
E.\rupso = (RB + 6Csp\ ) [TJ

Calculation

E, 50 = (1000+(6x0.74137x3000))x(0.116//0.6 )

Mep50 T

E 5 =214821vy
) o
YHADUT 4
o 4 v .. .
ATHUANITBONIULNILDIAY (Initial design)
Depth of ground grid, /= 0.5 m
Length of ground rod, L, =6 m
Max.length of grid in x direction, L = 107 m
Max.length of grid in y direction, L, = 72 m
Number of ground conductor x direction, n, = 27
Number of ground conductor y direction, n,= 38
Number of ground rod, n, =4

Spacing between parallel conductor, D=2.89 m

o -
UYHABDUN 5

ATUIMANUAUNMUYBISZTUUADAIAUY (Grid resistance)

Formula (2.37)

Total length of conductor, L,
L=(nl)+(nl)

Calculation

L =27x107)+(38x72)

L =5625m

Eormula (2.39)

Total length of ground conductor, L,
L =L +(NL)

Calculation
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L, =5625+(4x6)
L, =5649 m
Formula (2.33)

Grid resistance, Rg

1 1 1
R, =p| —+ I+
k=P (L,. \/20,4( tholAJ]

Calculation

R, =500 ((1/5649)+(1/J(20x 7704))x (1 + (1 /(1 +0.5,/(20/ 7704)))

R, =2.60444 Q

& e
UYUADUN 6
AMUIUNTEIE ﬂ?ﬂq‘@q'ﬂ {(Maximum grid current)

Formula (2.41)

Symmetrical grid curent, /,
I,=8,1,

Calculation

1, =0.6x5.28

I, =3.168 kA(rms.)
Formula (2.40)

Maximum grid current, /;
1;=D,1,1000
Calculation

I; =1x3.168x1000

I, =3168 A

Junouh 7
Muansziiunnulasaie (Check grid potential rise)

Formula (2.42)

Grid potential rise, GPR
GPR=1I.R,

4

Calculation

GPR =3168x2.60444
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GPR =8250.8659 v
Check

GPR<E,, 150

8250.8659 > 649.369 not pass

*i‘}uﬂauﬁ 3
Araaus s Il uusgega wazussau Ivihe3fagage (Mesh and step)
Corrective weighting factor, K, =1
Grid reference depth, 7,= 1 m
Max. Distance between any two points on the grid, D, = 128.9689 m
The peripheral length of grid, L ,= 358 m
Formula (2.49)

Geometric factor composed, 11,
Calculation

n, =(2x5625)/358

n, =31.4245

Formula (2.50)

Geometric factor composed, 71,

) _( L, J(Ifz)
* 4.4

Calculation
n, =(358/(4x7704)) A (1/2)

n, =1.00979
Formula (2.51)

Geometric factor composed, 1,
074411, )
_ LxLy :
n,=|—
A
Calculation

n, =((107x72)/ 7704) A((0.7x 7704)/(107x 72))

n, =1



Formula (2.52)

Geometric factor composed, 1,
D,

i)

(sz + Lyz )UZ

hy

Calculation

n, =128.9689/((107 A2)+(72A2)) A(1/2)
n, =1

Formula (2.48)

Geometric factor, #

n=nmnn,

Calculation

n=31.4245x1.00979x1x1

n=31.7321
Formula (2.47)

Corrective weighting factor, K,

K, = 1+—h~
VA,

Calculation
K, =J(1+(0.5/1))
K, =1225

Formula (2.44)

Spacing factor for mesh voltage, K,

1 D (D+2n) K| K, 8
K, =—"|In + NN INE.TE BY P S
2z |16hd  8Dd  4d| K, |=(2n-1)

Calculation

remark =((2.89% 2.89) (16x0.5x0.00756))+((2.89+2x0.5) A2/(8x 2.89x 0.00756)) ~((0.5(4x 0.00756)))

remark =208.136917349
K, =1/2m)x ((In(208.1369)) + ((1/1.225)x In(8 /(7 x (2x31.7321-1)))

K, =0.4338395
Formula (2.53)

Correct factor for grid geometry, X
K, =0.644+(0.148n)
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Calculation
K, =0.644+(0.148x31.7321)
K, =5.3403

Formula (2.55)

Effective length for mesh voltage, L,,

L,=L + 1.55+1.22[L] L,
JE+D
Calculation
Ly, =56254+(1.55+(1.22x (6 /(107 A2+ 72 A2) A0.5)))) x 24
L,, =5663.5621
Formula (2.59)

Effective length for step voltage, L
Ly =(0.75L.)+(0.85Ly)
Calculation

L, =(0.75x5625)+ (0.85x 24)
Ly =4239.15

Eormula (2.57)

Spacing factor for step voltage, K
1

il (1-0.5""2)J

e +
) 7:[2}1 D+h D

Calculation

K, =(1/x)x((1/(2x0.5))+(1/(2.89+0.5))+((1-0.5 A (12.516-2))/2.89))

K, =0.5223
Eormula (2.43)

Mesh voltage, E |
E = pJ(-'K K

m !

m L,
Calculation

E, = (500x3168>< 0.43386395x% 5.3403)/5663.5612
E, =648.01461 v

Eormula

Step voltage, E
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E - pI(:‘K\‘KJ
K3 LS

Calculation
E = (SOOX 3168x0.5223x 5.3403)/4239.15
E =1042226 v

%uﬂauﬁ 9

Amdszidiunnudasnnt (Check mesh voltage)
Check (2.61)
By < Eenso

648.01461 < 649.369 pass

Funersdi 10

Anmsziiiuaulasaiu (Check step voltage)
Check (2.62)
E <E,ps0

1042.226 < 2148.21 pass

Yunaun 11

Y5u1lgenmsoonuun (Modify design) iioszuunsasaniinnulasadslides

1 »
slRsunasmsoonuuuiiiosdn (Initial design)

YUROUN 12

AMUIUIUIUA T VBIAZUNTIAUIHTs Loz as e a1y Tuaiuaue

(Unequally conductor)

Formula (2.63)

Total number of the ground conductor for equally spaced grid, n,

n,=n +n,
Calculation
n,=27+38
ny, =65

Formula (2.67)
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Coefficients, &

-0.4."0. }

a=121.2¢"") £ 1.1400

Calculation

o =121.2e(—0.4x 65) +1.1400

a =1.1400

Formula (2.64)

Coefficients,

B=-926e""" +66.337
Calculation

B =(-92.6)e(—0.07x 65) +66.337
B =66.337

Formula (2.68)

Percentage of the save material, A

"
A=—100 _100%

Calculation

A = ((1.1400% (66.337/100) /(1 +1.1400% (66.337 /100)))) x 100

A =43.060
Formula (2.69)

Number of ground conductor for unequally spaced grid x direction, n;
n,=n (1- A)

Calculation

n_; =27x (1 —(43.060/1 OO))

n_; =15.3738

Select number of ground conductor for unequally spaced grid x direction
n_"r =15

Formula (2.70)

Number of ground conductor for unequally spaced grid y direction, n,
n,=n,(1-2)
Calculation

38x(1-(43.060/100))

?’l},
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n, =21.6372
Select number of ground conductor for unequally spaced grid y direction

ny=21

%NFIB‘H#I 13
ATHIUTEISHIIISHNNIIUBIALUNTINUIY (Conductor span) A1H L, WInATsef
2.6 M .1l o. A11SUSIUIUNIA conductor compression ratio ﬁﬁ’lﬁﬂﬁiﬂl‘lﬂ‘g
Coefficients, a,, = 0.38
Coefficients, a,, = - 50.65
Coefficients, gy, = 13.88
Coefficients, a, = 0.19
Coefficients, q,, = 50.21
Coefficients, ¢, = - 13.83
Coefficients, @, = - 0.037
Coefficients, a,, = 0.41
Formula (2.83)
Coefficients, a,
Ay = Qg + Ak + agk?
Calculation
ay =0.38+((—50.65)x (—0.7142)) + ((13.88x (=0.7142) A 2)
a, =43.6341
Formula (2.84)
Coefficients, g,

— 2
a, =a, +a,k+a,k

Calculation
a = 0.19+ (50.21x (-0.7142)) + ((~1 3.83)x(-0.7142) A 2)
a = —42.7244

Formula (2.85)
Coefficients, a,
Gy =0y, + Apk

Calculation

ay = (=0.037) +(0.41x(~0.7142))



a, =—0.3298
Formula (2.81)

Coefficients b for L _side, b
b=-0.3503-9.6311¢ %%

Calculation

b =(~0.3503)-9.6311e(-0.03666x107)

b =-0.5408
Formula (2.80)

Conductor compression ratio C for L_side,C

0.00014

C=ay+ae"™™" + a,e”

Calculation

C =43.6341+((—42.7244)e(0.0001x 0.5)) + ((—0.3298)e((—0.5408) x 0.5))

C =0.6559

Formula (2.73)

Central conductor span for L side,d,
L(1-C)

2 l—C{&.%-L)J

max

Calculation
dmu =(107x {1-0.6559)) /(2x (1-0.6559A((21-1)/2)))
d_=18.6846 m

max

Formula (2.78)

Number of segment L_side, m

o (6]

Calculation
m=((21-1)/2)-1

m=9
Formula (2.75)

Conductor span of the " segment for L_side, d,
di = dmnxcf
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Calculation

d, =18.6846x(0.6559 A1)
d;=122552 m

d, =18.6846x(0.6559 A 2)
d,=8.0382 m

d; =18.6846x(0.6559 A 3)
d;=52722 m

d, =18.6846x(0.6559 A 4)
d, =3.4580 m

d; =18.6846x (0.6559 A 5)
ds =2.2681 m

dg =18.6846x (0.6559 A 6)
d, =1.4876 m

d, =18.6846x (0.6559 A 7)
d, =0.9757 m

d; =18.6846 % (0.6559 A 8)
dy =0.6400 m

dy =18.6846x(0.6559 A 9)
dy =0.4197 m

75

MUINTZIZH TN NIANIIVBIAZUNTIAINIY (Conductor span) A1U L, 10915197

Fd
2.6 M1 .14 AMSUA1IUMIAI conductor compression ratio Himsene 114

Coefficients, gy, = 0.44
Coefficients, ay, = - 77.43
Coefficients, ay; = 15.63
Coefficients, a;, = 0.033
Coefficients, a,, = 76.9
Coefficients, a,, = - 15.56
Coefficients, a,,= - 0.067
Coefficients, a,, = 0.50
Formula (2.83)

Coefficients, a,

— 2
Qy = Ay, +ank +agk



Calculation

a, = 0.44 + ((=77.43)x (<0.7142)) + ((15.63x (~0.7142) A 2)
a, =63.7130

Formula (2.84)

Coeflicients,

a, =a, +a,k+a.k’

Calculation

a, =0.033+(76.9% (—0.7142)) + ((—15.56)x (~0.7142) A 2)
a, =—62.8258

Formula (2.85)

Coefficients, a,

a, = a,, +ayk

Calculation

a, =(—0.067) +(0.50x(-0.7142))

a, =—0.4241

Formula (2.82)

Coefficients b for L, side,b

b=-0.3503-9.6311e %"

Calculation
b=(-0.3503)-9.6311e(—0.03666x 72)

b=-1.037
Forrula (2.80)

Conductor compression ratio C for Ly side, C

0.00014 bh

C=a,+ae +a,e

Calculation

C = 63.7130 + ((~62.8258)¢(0.0001x 0.5)) + ((~0.424 1)e((~1.037) x 0.5))

C=0.6315
Formula (2.74)

Central conductor span for L, side,d,
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L,(1-0)
=)

max

2

2 I—C[ i

Calculation
. =(72x(1-0.6315)/(2x (1~ 0.6315 A ((15-1)/2)))
d_ =13.8194 m

Formula (2.79)

Number of segment L_side, m

Calculation
m=((15-1)/2)-1

m=6
Formula (2.75)

Conductor span of the /" segment for L, side, d,
d=d, C

Calculation

d =13.8194x(0.6315A1)
d, =8.7269 m

d, =13.8194x(0.6315A2)
d,=55110 m

d, =13.8194x(0.6315A3)
d,=3.4802 m

d, =13.8194x (0.6315A 4)
d,=2.1977 m

d; =13.8194%(0.6315A5)
d, =1.3878 m

d, =13.8194x(0.6315A6)
d, =0.8764 m
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%ﬂﬂﬁuﬁ 14
a3UnvaziBsamsoanuuus U IR RIRUYRIEn 1Tl IWA 00y

Area of substation, 4 = 7704 m"

Depth of ground grid, 2= 0.5 m

Fault clearing duration time, £, = 0.6 sec

Fault current division factor, S ;=06

Thickness of surface materiel, #,= 0.1 m

Soil resistivity, o =500 Q2 —m

Symmetrical fault, / =528 kA(rms.)

Washed granite resistivity, ps = 3000 Q—m

Conductor cross section area, Amm2 =35 Sq.mm

Diameter of grid conductor, d =0.00756 m

Tolerable touch voltage for 50 kg, F =649.369 v

touch50

Tolerable step voltage for 50 kg, £ . =2148.21 v

stepS0
Max.length of grid in x direction, L_= 107 m
Max.length of grid in y direction, L =72 m
Grid resistance, Rg =2.60444 Q)
Maximum grid current, /; = 3168 A
Grid potential rise, GPR =8250.8659 v
Mesh voltage, £, =648.0146 v
Step voltage, £ =1042.226 v
Percentage of the save material, A =43.060
Number of ground conductor for unequally spaced grid x direction, n'; =15
Number of ground conductor for unequally spaced grid y direction, n;, =21
Conductor compression ratio C for L_side, C = 0.6559
Conductor compression ratio C for L side,C = 0.6315
Spacing between parallel conductor L_side:
dy =0.4197 m,d; = 0.6400 m,d, =0.9757 m,d, =1.4876 m,
d; =2.2681 m,d, =3.4580 m,d, =5.2722 m,d, =8.0382 m,
d,=122552 m,d,,, =18.6846 m, d_,, =18.6846,d, =12.2552 m,d, =8.0382

m,d, =5.2722 m,d, =3.4580 m,d, =2.2681 m,d, =1.4876 m,d, = 0.9757
m,d; = 0.6400 m,d, =0.4197 m
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Spaci~ng between parallel conductor L_,. side:
dy =0.8764 m,d, =1.3878 m,d, =2.1977 m, d, =3.4802 m,

d, =5.5110 m,d, =8.7269 m, d,, =13.8194,d,  =13.8194 m,d, =8.7269 m,
d, =5.5110 m,d, =3.4802 m,d, =2.1977 m,d, =1.3878 m,d, = 0.8764 m

| L x=107m. I
! T
n'y=21 —
Ly=72m.
dmax=1381m __ .
i=1 di —
1
m=6 I -4
n'x=151 di1

=1 ..1i.. m=
d max =1864m.

U 3.3 azunsemtnoentil IWihdos Ansdiszesrieseniedniueanzinsaaitoiinety
Toiesiuaue
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NaN1SNARBIDNIUUTZUUARaIAN YTl I Thaee

4.1 TsunsudmsSumssenuuuszuusoashuvosaaitinihyon

4.1.1 Hnwmiziiallveslilsunsa Visual Basic
Visual Basic L{Iumymauﬁama%’ (Programming Language) ﬁﬁQIHWTﬂUU?ﬁﬂVlU

Tnsvoui FafhiuSoniiadieszuuifians Windows 95/98 uaz Windows NT Tagianiu
1941i5Ing MmN Basic TAfe1Nn Basic HeaAu Ao éﬁ‘lﬁﬁﬁugmﬁmmiﬁuu
Tﬂmﬂﬁnﬁmmmﬁ'%zﬁ’uui"lﬁ'"l;imn;ﬁmﬁuuﬁummﬂauﬁma%’?ﬂ'uq U MY HTn1Y7
Uraea Visual Basic 13035uusn i nesdu 1.0 Wed 1991 Taofilugreusndalifinou
LANANS9INNTET QBasic 1IN uRvziiusunsesiofitolumsSouldsunsuuuiulad
Farlsngd Visual Basic MAuammiluuazszaunnudrSuiiuedied uidnlylnsvoriy
J9WmIUT Visual Basic 1ﬁﬁﬁus§‘auq woludlss@ninm anwaunse uazinsosiiontan
U insesifonsanaeuudly Tsunsy (Debugger) anmiwanaoylumsnannTdsunsy ms
Asullsunsuuvyrateniniedes (MDD dludu dwmiy Visual Basic luilvgiu Ao
neiFu 6.0 deeenunludl 1908 Idiuanuannsalums@onlilsunsuRaderuniee
Sumedila  msdeudefuszuugudeya  unsiunSecilesen Tildan Wazaaniy
n3udn Tumsinda Tulsunsy Visual Basic Tu Windows 1 Visual Basic 6.0 409n1sss s
auaniiadenelUf

- szuuﬂﬁﬂ’ﬁms Windows 95/98 150 Windows NT Workstation 4.0

- AewRuARSTIT Sty 486 DX/66 MHz 1Tuethes usidnes Triven 18aTe e

TuTassorsimshlfidnonfinnosfi §iiy Pentium 4u'la
- miwand 16 MB ifusdedndniuszuuUFRMs Windows 95/98 Laz32 MB fu
aciwc«‘]ﬁm%’mzwﬂﬁﬁﬁms Windows NT Workstation
- 9BAIMUAEMI ALARIHAT AT UNTIOIUTET Windows

o { o o .
- 1NANTe Pointing device ATTUAYUAI3MUUDI Windows



81

4.12 anvalisunsusonuuussuuAsasfuvaIamil 1NV Hae SGS2006.1D1
L4 ¥ 1 [ '
Funeums o lsunsudsiuanlugiiiia fagud 4.9 WuwansldouTdsunsy
BAUVLTEUVRBRIANYDEDT IWThdey  $GS2006.01D1  TunisneaeseenUULIZULUFOEY
auvesaaril Mfhdeeniissosvsssnivdnhvesasunssnnevduaitaue  uagns
NAADY PONUVLTEUVARARLYBIaN ] INAhsesRTl sz e TEnI AN e IREINTIA14Y
] ar 1 ° 3 9! dy 3 o a 4 = =]
vafu limiane Tnvlddeyarliosdudmiumseenuuussuuaeasduvesaniil inihasu
é a9 ar -=ly
WA Faidoyanal
Area of substation(A) = 6336 mz, Depth of ground grid(k)= 0.5 m, Fault clearing
duration time(#,) = 0.6 sec, Fault current division factor(.S,) = 0.877, Thickness of surface
materiel( /) = 0.1 m, Soil resistivity( p ) = 4.92 Q —m, Symmetrical fault( / f) =31.5 kA uaz

Washed granite resistivity( ps ) = 3000 Q~m

uﬂ!;«.m‘,, R P T T R AN bt Lt S s e p R b S tde

S5GS52006.1D1

[PROGRAM FOR CALCULATING OF SUBSTATION GROUNDING SYSTEM)

Ut 4.1 duilszasundeadig Tusunsy $GS2006.1D1

Usgneudiy
1. Buttons OK: Mmauguifumsishg Wsunsu

2. Buttons EXIT: I¥miuguijunseanninTisunsy SGS2006.1D1
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ERG006 101 PROGRAITEOR CRTCOC N TIG OF SUBSTATION CRODREING SYTEH] 7T o e e i ﬂnﬁ]
INITIAL DESIGN - v vn o @ o ot oo s ot me oo e o OO |

E - DATA FOR CALCULATION - : : SELECT FOR BROUND GRID DESIEN - - wersms o+ = oo - o - o ‘
: DEPTH OF GRQUND GRID [b) é m " UNEQUALLY SPACED GROUMD GRID DESIGH ’
DECREMENT FACTOR FOR DETEAMINING [Dﬂr"___ * EQUALLY SPACED GROUND GRID DESIGN -l

FAULT CLEARING DURATION TIME fts) 06 set
FAULT CURRENT DIVISION FACTOR (S 0877

LENGTH OF GRID 1N X DIRECTION {Lx) i 9% m

{ LENGTH OF GAIDIN Y DIRECTION L) [~ g5 m
! LENGTH OR GHOUND ROD (L) ]_ m :
5 NUMBER OF GROUNDROD M |7 - K (R
 NUMBER OF PARALLEL CONDUCTOR X DIRECTION [ I—_._ * AESISTIVITYOF GROUND CONDUCTOR AT REFERENCE TEMP. [} r““"‘T ;
| NUMBER OF PARALLEL CONDUCTOR Y DIRECTION () [™™—"73 THERMAL CAPAGITY PER UNIT VOLUME (FE4F) f 34z |

CONDUCTGR SIZE

ICopcm annealed solt crawn ﬂ
TABLE 1-MATRRALAL CONSTANTS OPEN )
THERMAL OF GROUND CONBUCTOR AT REFERENCE TEMP. (u) 0.00333

SGLRESISTIVITY [} [~ 447 ohmen MAX ALLOWRBLE TEMP. (T [~ 706 :
SYMMETRICAL FALLT 013 | Tt5 kA AMBIENT TEMP. (Ta) [T 45 | §

THICKNESS OF SURFACE MATERIAL fhs) l o1 m

J . WASHED GRAMITE RESISTIVITY {ps] J—-Tﬁ chum: CONDUCTOR CROSS SECTION AREA (Amm2) 120 Sqmm

DIAMETER OF GRID CONDUCLTOR (d]

I -_____t:uws NExr " l EXIT

31 4.2 dmdszneundiniudeyamsesnuuuszuudeasdnassanil lrides

sznovsiy
1. Title: SGS2006.1D1 (Program for calculating of substation grounding system)
2. Buttons CALCULATE: T¥nauquilumsmsfiamfuanssa ausiomsded
a. Conductor cross section area (Ammz)
b. Diameter of grid conductor (d)
3. Buttons NEXT: M¥naumutfumsidgnisfmniindwsde U
4. Buttons EXIT: [¥nuguijuniseansinlusunsu SGS2006.ID1
5. Buttons OPEN: 19nuauilumsifendhainsunmedivesTag
6. Frame data for calculation: U5n8ua Text box 1¥nsendeyadmiumssenuuuszuy
sonsAnveanmil Wihdes awsiumsdad
a. Depth of ground grid (h)
b. Decrement-féétor for determining (Df)
c. Fault clearing duration time (ts}
d. Fault current division facter (Sf)
e. Length of grid in x direction (Lx)
f. Length of grid in y direction (Ly)
g. Length of ground rod (Lr)
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h. Number of ground rod (Nr)
i. Number of parallel conductor x direction (nx)
Jj. Number of parallel conductor y direction (ny)
k. Soil resistivity (p)
l. Symmetrical fault (If)
m. Thickness of surface material (hs)
n. Washed granite resistivity (ps)
7. Frame select for ground grid design: Usznauday Option button 1%ﬂ'JUﬂ3J’I!1Jﬂ'I§
donld3Emsoenuuuszuudeasduaoil o musiomsdadl
a. Unequally spaced ground grid design
b. Equaily spaced ground grid design
8. Frame conductor size: U32NBUAIY Text box 1¥NTNdRYadMIUMIBDAULUTZUIADES
Suvesaoilwihees mustomsdedl
a. Thermal of ground conductor at reference temperature (ar)
b. KO
¢. Resistivity of ground conductor at reference temperature (pr)
d. Thermal capacity per unit volume (TCAP)
e. Max.allowable temperature (Tm)

f. Ambient temperature (Ta)
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P,

T :«'éﬁﬂ?cmmwvzswm;

T SG52006 101 2 - “BROGRAM FOR CALCUL ATING OF SUBSTATION CROURD

-~ EQUALLY SPACED GROUND GRID GESIGN e

| - CHECK FOR SUBSTATION GROUND GRID DESIGN - T : S —

|\ TOUCH VOLTAGE FOR 50kg and70kg Elouch)  EMES6]  B21%63 v AREA OF SUBSTATION Al 6% Sam |-

(| STEPVOLTAGEFORSOkg and70kg [Edler) 200053 2720847 v .- EORRECTIVE WEIGHTING FACTOR fhl 1244 i

2 MESH VOLTAGE [Eland STEPVOLTAGE (€5} 1220776 078939 v | CORAECTIVE WEIGHTING FACTOR [Ki) 1 K

T GRID POTENTIAL AISE (69F) s001% v CORRECY FACTOR FORGAID GSOMETAY ) 249636

EFFECTIVE LENGTHFORMESH VOLTAGE (W] 2048708 m |-

| || 6D POTENTIAL RISE {GPR] VS TOUCH VOLTAGE [Elowch] rotpess | EFFECTIVE LENGTH FOR STEP VGLTAGE [Ls) wEAm g

Fi1 MESH VOLTAGE fEm) VS TOUCH VOLTASE [Flovch) pass GEGMETRIC FACTOR () 1251812 ‘

| STEP VOLTAGE [Fs) VS TOLERABLE STEP YOLIAGE (o) - SPATING BETWEEN PARALLEL COMOULTOR (D} gm

i oo SPACING FACTOR FORMESH VOLTASE [k} 7371045 .

.- L T SPAONGFACTORFORSTEPVOLTAGE Kl 3955097 m | |

) HAIHUM GRID CURRENT 1G) dBIA THE PERIPHERAL LENGTH OF GRIO Lo} 2w

[ REFLECTION FACTGR (k) I TOTAL LENGTH OF GROUND CONDUCTOR (LT} weEm | f

i REDUVTION FACTOR IC<) Raala TOIALLENGTH OF OH GROUND RGD (LA} Am |
GRID RESISTANCE (Rgl 2%EUZELR ch E i

 cuouaie | MODIFY mesuts | oerawpesen|  ear |4

31 4.3 dandszneundhdsnsdAnnssnnuyssuurensduvesanil lWfhdes i

TZHZMIZ VIR VDAL IOH WA LN

Usgnoudan
1. Title: SGS2006.1D1 (Program for calculating of substation grounding system)
2. Buttons CALCULATE: T¥nauautlumstminmiiuanssa ATUTMIS AL

a. Tolerable touch voltage for 50 kg. and 70kg. (Etouch)

b. Tolerable step voltage for 50 kg. and 70kg. (Estep)

¢. Mesh voltage (Em) and Step voltage (Es)

d. Grid potential rise (GPR)

e. Maximum grid current (1G)

f. Reflection factor (k)

g. Reduction factor (Cs)

h. Grid resistance (Rg)

i. Area of substation (A)

j- Corrective weighting factor (Kh)

k. Corrective weighting factor (Kii)

1. Correct factor for grid geometry (Ki)

m. Effective length for mesh voltage (LM)

n. Effective length for step voltage (Ls)

0. Geometric factor (n)
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p. Spacing between parallel conductor (D)
q. Spacing factor for mesh voltage (Km)
r. Spacing factor for step voltage (Ks)
$. The peripheral length of grid (Lp)
t. Total length of ground conductor (LT)
u. Total length of all ground rod (LR)
3. Buttons SAFETY CHECK 1%'mmguﬂumsﬁmamfhﬁuﬁﬂwa TN IR
a. Grid potential rise (GPR) vs Tolerable touch voltage (Etouch)
b. Mesh voltage (Em) vs Tolerable touch voltage (Etouch)
c. Step voltage (Es) vs Tolerable step voltage {Estep)

4. Buttons MODIFY: l¥muguijumsidlanihanesudeyaniseonuuussuuqeadauyes
aonil IWdhdesuasdanheemsdanesnuuyssuureasauvesamil i douiii
seozvireszr i N wemzuns ey uaue

5. Buttons RESULT: Mmavguifumsiflemisamadnimssenuuussyydoasduues
aoil IWhdeufifiszosvissnheinhwessunsstoraiusinae

6. Buttons DETAIL DESIGN: 1$nuguijunisitlamininswaziBeaniseaniuyssunsiens
suvpsanil Infhenfitssusvesznsniwemzunsamiertuaiuaue

7. Buttons EXIT: 19nauguijumsoenainlusunsy SGS2006.1D1

B e 5006 D1 BROGIN FOR CALEOLITING OF SUBSTRTION I O R e e S m]
- UNEGUALLY SPaCED GROUND GRID DESIGN - . e
| - CHECK FOR SUBSTATIOM GROUND BRID DESIGN +-v-r - ovavee oo+ SELECT NUMBER OF GROUND CONDUCTOR FOR UNEQUALLY SPACED GRID -,

|| TOUCH VOLTAGE FOR 50kg and 70kg. (Etouck]) 148563 B321763 v. °

i STEP VOLTAGE FOR B kg and 70kg. (Estep) 00158 270647 v
]

: NUMBER OF CONDUCTOR OF UNEQUALLY X DIRECTION (]  7.1856568 I . .
i
i e i
: MESH VOLTAGE [Er] ard STER VOLTAGE (E4) 122077 878339 o SELECT MUMBER OF CONDUCTOR OF UNEQUALLY X DIRECFION Inxll 7 i

l

I

5 GAID POTENTIAL RISE (GPR) B0 v, o R __ b
1 l - H
P . . - .

f ! i GRID POTENTIAL RISE lLiPH]VS ‘TOUCH VOLTAGE [Eteuch) nat pass ; P NUMBEH DF CONDUCTOR DF UNEQUALLY ¥ DIRECTION !,rul'] 27447 I

14 i

i MESH VOLTAGE (Em) VS TOUCH VOLTAGE {Etonch] pass | ! SELECT KUMBER OF CONDUCTOR OF UNEQUALLY XDIRECTION el 7 i

i ' TEP YOLTAGE [EleS TOLERABLE SIEP VOLTAGE [Estepl pags ; : y

- CONDUCTOR SPACED - —-- - -+ ~+ - -

| CONDUCTOR SPACED FOR LXSIDE -+~ -~ oome o wowmoee oo CONDUCTOR SPACED FOR Ly SIOE -~ — i ——
| | CENTRAL SPACED [dmax) 7362338 m  CEMTRAL SPACED {dmax) WIS

E11 SEGMENT SEACED (4) 509579985344 . SEGMENT SPACED (d) 072266812952 m; { |

SAFETY Q5m| MDDIF\; I Hlaesuu | DET,;JL[;ESNZ;H[ bar |

517 4.4 duszneunihidsmsdnusenuuysrvuasasAuYesamil I el

sruzvinIErINg N vesazun sy laduaue
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Usenoufae
. Title: SGS2006.ID1 (Program for calculating of substation grounding system)
. Frame check for substation grounding design: Usenoudisnismmuamds Tuldalums
ponuULsTULAeaAuvesaanil IWihdes uanwwamuson13sail
a. Tolerable touch voliage for 50 kg. and 70kg. (Etouch)
b. Tolerable step voltage for 50 kg. and 70kg. (Estep)
¢. Mesh voltage (Em) and Step voltage (Es)
d. Grid potential rise (GPR)
. Frame select number of ground conductor for unequally spaced grid: UsEnoUAIunN1IiIuIN
sn Tuldluniseenuuusyundeasiuusannrd fhdes uamawamusomsdad
a. Number of parallel conductor of unequaily x direction (nx")
b. Number of parallel conductor of unequally y direction (ny")

Text box Idnsendeyadmiumssenuuuszuuseasduvesentil ifhdes amswms

»
ar 3

fdu
a. Select number of parallel conductor of unequally x direction {nx")
b. Select number of parallel conductor of unequally y direction (ny")
. Frame conductor spaced: Usznoudie
Frame conductor spaced for Lx side T TR I R [T mmwmsﬁafj
a. Central spaced (dmax)
b. Segment spaced (di)
Frame conductors spaced for Ly side M5 2aiAfiLaasng ANTNIIRAT
a. Central spaced (dmax)
b. Segment spaced (di})
. Buttons CALCULATE: 19mauguilumsnsiiiugnsna awsiensai
Frame conductor spaced
a. Central spaced {dmax)
b. Segment spaced (di)
. Buttons SAFETY CHECK 19naunutlunisdwanmiindaswa as1oms fofl
Frame check for substation grounding design
a. Grid potential rise {GPR) vs Tolerable touch voltage (Etouch)
b. Mesh voltage (Em) vs Tolerable touch voltage (Etouch)

c. Step voltage (Es) vs Tolerable step voltage (Estep)
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7. Buttons MODIFY: l¥nauquijumsitlanthimsiudeoyamsesnuuuszuvdanddu
vl I 1deuuazdanhaemsduineenuuussuuaeasauyeaaiil IWhdesh
fiszogvinasen i veanzunsevaiu lladueue

8. Buttons RESULT: l¥muguijunisiflamhdmadniniseeniuuszuudeniiuyes

P [ Ao Y 1 @ o ] ] ar ] °
gail IWFhdeentszozvinssenitedniwenzuns uiovanu liatinaue

9. Buttons DETAIL DESIGN: l¥aruausjumsitlaniheaiesivaziBennsseniuuszsuussns
Auvesaeil i desndssozrresenind nihemeunsaanieyieiu luaditave

10.Buttons EXIT: 1¥aunuijuniseeninlisunsy SGS2006.ID1

B5652006.01  (PROGRAM FOR CALCULATING OF SUBSTATION GRONOmG sysTEw) " "_[ojipy
- GRID CONFIGURATIGN FOR EQUALLY SPACED GROUND GRID DESIGN R - e ———

P ' NUMBER MESH FOR LxSIDE: 12
‘  NUMBER MESH FOR Ly SIDE- 1

SPACING BETWEEN PARALLEL CONDUCTOR FORL«SIDE(D1: B m i
SPACING BETWEEN PARALLEL CONDUCTOR FOR Ly SIDED): & m :

CLOSE

:i 1 9 w o 1 = r=1 [] A
UM 4.5 dalsznoumihmadnimssenuuussuuAsasiuveail IMfhdeuhi

FEULHITENINNANIIVDIASUNTIANNNEN 1NN 1A ND

Usznouaan
1. Title: SGS2006.ID1 (Program for calculating of substation grounding system)
2. Frame grid configuration for equally spaced ground grid design: 13 TNBUA0NITAIUIL
S Tusialumsopnuuszdensauvesamilvihoos nanman s on s
a. Number mesh for Lx side
b. Number mesh for Ly side
c. Spacing between parallel conductor for Lx side (D)
d. Spacing between paraliel conductor for Ly side (D)
e. jUnzuNsIIVIVOITEUUADRIA YRRl W woy

3. Buttons GRID: 1¥miuautjumsnagiazunssnisvssszuudeasauyessaaiil Wi
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Ut T UL HTEU A NIVDINZUNT I L nau
[ 1 o o ] =y
4. Buttons CLOSE: ldaauauijumsssnoinni i anadnin1sennuuuseuudeadfiu

¥oaa01il INHesfitszesvessnednhvewmeun sy s A uaye

:uz.scsz-ooc:mr‘._\:mg PRO&E;{E&}{C‘ALCUL?TNG:?EWAMI MNG'S‘?ST&H T TReT Pt e o £ e 5 T u@'

- GRID CONFIGURATION FOR UNEQUALLY SPACED SROUND GRID DESIGH - : R

CONDUCTOR COMPRESSION RATIO [C)FOR Lx SIDE 655093
CONDUCTOR COMPRESSION RATIO (CIFORLy SIDE 7575501
NUMBER MESH FOR LxSIDE:  §

HUMBER MESH FORLySIDE: &

| o PERCENTAGE OF THE SAVE HATERIAL 4011343

SPACED ALONG FOR Lx SIDE LIST  9.693244--15.06578--23 0293823, 07498 -5 (86789 883244
SPACED ALONG FOR Ly SIDE UST 812295210 7226614 15439414154 3310 722668 122952

|[Co0 | oo

310 4.6 dudszneunhasnadninsesnuuussyudoasduvesarni Wi deuiis

J2uzv19sTH N NIIvBIRzLAT ey I e

Uszneudie
1. Title: 8G82006.1D1 (Program for calculating of substation grounding system)
2. Frame grid configuration for unequally spaced ground grid design: sznovdIonsAiuan
a Tulfalunseonuuuszuuseasiuvesaoril IWihdes uaamamusomsdai
a. Conductor compression ratio (C) for Lx side
b. Conductor compression ratio (C) for Ly side
¢. Number mesh for Lx side
d. Number mesh for Ly side
e. Percentage of the save material
g. Spaced along for Lx side list
h. Spaced along for Ly side list
i. jnzunsIYgvBI TUURDRIRuYBIa 1 IWfdoy
3. Buttons GRID: I¥niuguijunisnaguazunssmiivesssuudeasduvesanti v
doviiiszizvinszned niwemzunssmevedy Iasuaue

4. Buttons CLOSE: 19R7UANTumMs0anenvyaapnadnimssenuuussUUsoasauuns



a1l IWihvosilszosiessnhedniwesazinsemtoriasu lauaue

T SGSHI0EM (PROGRAM FOR CALCULKTING OF SUBSTATION GROUNTING SVSTER) CTmmm————=—
- GROUND GRID SUMMARY REPORT FOR EQUALLY SPACED GROUND GRID DESIGN 4
: Data for Calculation
! DECREMENT FACTOR FOR DETERMINNG (O = 1
FAULT CLEARING DURATION TIME s = .6 see
FAULT CURRENT DIVISION FACTOR [51) = 877
LENGTH DF GRID INX DIRECTION (L] = 96 "

LENGTH (F GRID IN Y DIRECTION [ty]= 65 m
SYMMETRICAL FALLT 1} = 1.5 [
} WASHED GRANITE RESISTIVITY {ps] = 2000 sheam
[ Step! Feld Data Step b Gnd resistance
i Area of substation JA) = 6336 Sqm Gnd resistance {Aig) = 2.9683428.07 ohm
a Solsesistivty ol = 432 cham Step 6 Mawmum Grid Current .
| Step2:Conductor Size Masiturs gid custert [G) = 276255 A,
' Type = Coppec aioaied rot drawn Step 7 * Check Grid Potential Rise :
Size [Amm?) = 120 Sqmm Giid polential tiss [GPAT = 820,015 v,
Diaeneter [d] » 01425 m  God polential ite [GPR) vs Tolerble touch votaga [ElouchSl) = net pass '
Step 3 * Touch and Siep Criteria . Step § Mesh and Step Voltage
! Reduetion clor C4)  SS01641 Meshvolege (Eml = 1220776 v
: Toleble touch veltags fov S0 kg. (EtouchS0} = £14.8563 v. $tep vokage [Ex] = 87,8949 v
Tolerble tovch voliage for PO kg [Etouch?0) = 8321753 v
e Step 9 . Check Mash Voltage
f Tolertde stap vokage for 50 kg (EstepS0) = 2010.159 v Mesh voage [Em v Tolerble touch vohage [Eiouch50) = past
| Tolethle siep vohage for 70 kg, [Estep?0) = 2720.647 v.
i Step 4 : Initial Design Step lOE : Ct:izk Step VoltaEge
| Spacing be paraldd e or (D)= & Step vokage [Es) vs bie Hep vokage [Estep50) = pass
E Drenth of ground g [h) » .5 m Step 11 Modify Design
I Humber of ground rod (Nr} = 4 Step 12 : Detail Design
' Leegth ol ground rod ir| = 6 m
i Humber of parallel condueter x diection fr = 12
. Numbet of parsial conductos y deachion (g} = 13
Thickness of surfsce materal [hs) = 1 m
| [aosE )

3N 4.7 dnnlszreundseswasiBuamsesnuuyszuudenddiuvesaeil Infhdesiis

TLUEAHTEH N NNVIRZUNT I H I L ES Hay D

szneuda
1. Title: SGS2006.1D1 (Program for calculating of substation grounding system)
2. Frame ground grid summary report for equally spaced ground grid design: UsznouRums
Mwandn Tuldd lunsesnuuuszuudeasduvesantii Indhdos nanwanwsonsdeil
a. Data for calculation
- Decrement factor for determining (Df)
- Fauit clearing duration time (¢, )
- Fault current division factor (S ,)

- Length of grid in x direction (Lx)



- Length of grid in y direction (Ly)
- Symmetrical fault (/)
- Washed granite resistivity { ps)
b. Step | Field data
- Area of substation (A)
- Soil resistivity ( o)
¢. Step 2 Conductor size
- Type
- Conductor cross section area (Amm?2)
- Diameter of grid conductor (d)
d. Step 3 Touch and step criteria
- Reduction factor (Cs)
- Tolerable touch voltage for 50 kg. (Etouch50)
- Tolerable touch voltage for 70 kg. (Etouch70)
- Tolerable step voltage for 50 kg. (EstepS50)
- Tolerable step voltage for 70kg. (Estep70)
e. Step 4 Initial design
- Depth of ground grid,( /)
- Spacing between paralle] conductor (D)
- Length of ground rod (Lr)
- Number of ground rod (Nr)
- Number of parallel conductor x direction (nx)
- Number of paraliel conductor y direction (ny)
- Thickness of surface materiel (/)
f. Step 5 Grid resistance
- Grid resistance (Rg)
g. Step 6 Maximum grid current
- Maximum grid current {IG)
h. Step 7 Check grid potential rise
- Grid potential rise (GPR)
- Grid potential rise (GPR) vs Tolerable touch voltage (Etouch)

1. Step 8 Mesh and step voltage

90
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- Mesh voltage (Em)
- Step voltage (Es)
j- Step 9 Check mesh voltage
- Mesh voltage (Em) vs Tolerable touch voltage (Etouch)
k. Step 10 Check step voltage
- Step voltage (Es} vs Tolerable step voltage (Estep)
1. Step 11 Modify design
m. Step 12 Detail design
3. Buttons CLOSE: I¥nruguijumsesnnandidssasiboaniseeniuussyureasay

yaaaoil IWfwesntiszozrisseniedniwemzunstiersfuatwaue

B SR A0A BT PROGRAI FOR CALCOCATING OF SUBSTATION CROUNOIG ST ™ S T TS o i or s g™ =]
;* GROUND GRID SUMMARY REPOST FOR UNEQUALLY SPACED GROUND GRID DESIGN -+ =« - - —=cmimmmmore oo im0 s
Data for Caleutation ' Step 6 : Grid resistance i
DECREMENT FACTOR FOR DETERMINING [0 = 1 Geid rositance [Figl = 2968347 02 ohm
FALLT CLEARING DURATIDN TIME fis} = & e Step 6 ' Maximum Grid Current
i FAULT CURRENT DIVISION FACTOR (58~ 877 Maxttun g current iG] = 2726265 A
I LENGTH OF GRID [N X DIRECTION ftx) = 9% m Step 7 : Check Grid Polential Rise ;
LEHGTH OF GRID IN ¥ DIRECTION Lyl = 65 " Grid potental iise (GPR] » 8200134 v.
SYMMETRICAL FAULT (i} = 31.5 KA Grid potential ise (GPR] ve Tolerbie touch vokage (EtouchS0) » nct pass 3:
| WASHED GRAMITE RESISTIVITY [ps] = 3000 chren Step 8 : Mash and Step Vollags
i Step I :Field Data Mesh vokage [Em = 1220775 v
Asea of substation [A) = 6338 Step vokage |Es) = 87.83348 v
Seliediiiy (ol = 422 o Step 9 : Check Mesh Voltage
Step 2 : Conductor Size Meash voltage (Em) vs Tolerble touch voltage [ElouchS0) = past
Type = Copper annedled solt drawn
Size [Amm2] » 120 Sqmm Step 10 : Check Step Voltage .
Diameter (d} 207425 " Step vokags (E4) vs Telrbla stop vokage [EstepS0) = pass '
1 :
| Step 3: Touch and Step Criteria Step 11 : Modity Design
| Reduction lactor (Cs) = B0IE4 !
- Tolerbls Louch vokage lor 50kg (EtouchS0] = 614.8563 Step 12 : Unequatly Conductor :
Tolerble louch vokage lor 7 &g, [Etouch?l] - 8321763 Humroos cnashior L sids = |
Toletble step vokage for S0 kg [EstepS0) = 2010159 Hianbes thesh for Ly side = 6 i
Toleibie siop vokaos for 704, (Esten?0) = 2720647 Petceniaga of the save materal = 4011343
Step 4 : Initial Design Step 14 : Detail Design
Depth of growrd oI (h] = .5 m
Number of ground iod (K1) » 4 Step 13 : Conductor Span
Length of ground tod (Li) = 6 m Conductor compiassion ratio [C) for Lx side = 655033 i
Humber of parallel cornducion x diection [nx) = 12 Conductor compresion ratio (Clfer Ly side = 7575501 E
Mumbes of parablel comhuctor y draction tyl = 13 Cennal spaced (dmax] lor Lx side = 2307398 m i
i Tivckness of natace matesial frr}a 1 " Central spaced {dmax}lor Ly side = 14.15439 m :
| Seqment spaced (6] 1o L ide « 15.08670-8.687244 m |
Segment spaced (i for Ly side = 10L72265-8,122962 m
| [Cose ]

U 4.8 dantszneumiia s waziBuamsesnuuuszuudeasAuvesam il Ifhdesis

SEOEMIIsSTH TR BInzunsIvIeranu T adnays
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Usznouday
1. Title: SGS2006.ID1 (Program for calculating of substation grounding system)
2. Frame ground grid summary report for unequally spaced ground grid design: Uszneudan
mMsfMunde luid lumseenuuuszuuseasduvesaoii IWvhios uaninamusions
daf
a. Data for calculation
- Decrement factor for determining (Df)
- Fault clearing duration time (7_)
- Fault current division factor ( Sf )
- Length of grid in x direction (Lx)
- Length of grid in y direction (Ly)
- Symmetrical fault { ff )
- Washed granite resistivity ( 05)
b. Step 1 Field data
- Area of substation (A)
- Soil resistivity ( £ )
c. Step 2 Conductor size
- Type
- Condugctor cross section area (Amm’)
- Diameter of grid conductor {(d)
d. Step 3 Touch and step criteria
- Reduction factor {Cs)
- Tolerable touch voltage for 50 kg. (Etouch50)
- Tolerable touch voltage for 70 kg. (Etouch70)
- Tolerable step voltage for 50 kg. (Estep30)
- Tolerable step voltage for 70kg. (Estep70)
e. Step 4 Initial design
- Depth of ground grid (/)
- Spacing between parallel conductor (D)
- Length of ground rod (Lr)

- Number of ground rod (Nr)



- Number of parallel conductor x direction (nx)
- Number of parallel conductor y direction (ny)
- Thickness of surface materiel (/)
f. Step 5 Grid resistance
- Grid resistance (Rg)
g. Step 6 Maximurm grid current
- Maximum grid current (IG)
h. Step 7 Check grid potential rise
- Grid potential rise (GPR)
- Grid potential rise (GPR) vs Tolerable touch voltage (Etouch)
i. Step 8 Mesh and step voltage
- Mesh voltage (Em)}
- Step voltage (Es})
j. Step 9 Check mesh voltage
- Mesh voltage {Em) vs Tolerable touch voltage (Etouch)
k. Step 10 Check step voltage
- Step voltage (Es} vs Tolerable step voltage (Estep)
I. Step 11 Modify design
m. Step 12 Unequally conductor
- Number mesh for Lx side
- Number mesh for Ly side
- Percentage of the save material
n. Step 13 Conductor span
- Conductor compression ratio (C) for Lx side
- Conductor compression ratio {C) for Ly side
- Central spaced (dmax) for Lx side
- Central spaced (dmax) for Ly side
- Segment spaced (di) for Lx side
- Segment spaced (di) for Ly side
0. Step 14 Detail design
3. Buttons CLOSE: 14021au1jun1500n91nMa 195 1082180001500 ZU AR AN

ot k r et ' r @ o ' ] o . °
WBIADT lwﬁwawmzuzwNs:mmmuwmmmmsammwmanu'lmmmma



BSG52006.01 | {PROGRAM FOR CALCULATIG UF SUBSTATION GROUNDRIG SYSTCH)

‘

Table 1 Matenal constants

Hotenal Thermal coetficend of Remsirty of ground TCapP
conductrly Iesittonly o 1nferenc ¢ lemp Fitatflor  Fuzeglemp conductor o 1efatence temp hetmat copaiy
Descnpion 1% 1] 1oL} 1T4n) fed Wem3el)

Copper annealed 08t crawen 1000 000333 JH s LN Bl

Coppar commercial hand-d awn 97.0 0003 242 1034 173 1l
; Lopperclod steel wae 400 0378 M5 1094 440 g5
Coppat-clad el wee 300 (00378 5 1084 586 185

Coovnr-ciad steel 16 200 000378 245 W 862 165

Ahgravan BT grade 610 000403 228 657 2. 256

b S0 sicy 535 000753 263 652 kFed 260

Aharanarn 6207 oy 525 0.00347 263 654 328 280

Ahnununrclad cled vae 03 000360 258 £57 448 385
[ Stectioat 108 000160 £ 1510 ) az !
b Starkerschd slesteod 28 000150 €05 1400 175 444 b
: Znccosted steel rod a6 000320 293 T 218 3B
© Stairlaey steel 304 24 Dom 3 10 7200 403 i
' — s . . i
i | CE=]|

JUN 4.9 dudssneumbimemsismneivesiag

sznoudiy
1. Title: SGS2006.1D1 (Program for calculating of substation grounding system)
2. Frame table | material constants: Llﬂ'mmﬂﬁﬁ‘wm'gﬁﬂ‘vﬁﬂﬁhdﬂ

3. Buttons CLOSE: Td¥aaunuilunisesnsinniheimisiadinedivesdeg
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4.1.3 dnvaemsiraullsunsuesnuuuszuunensdnvesaniil iWhden $GS2006.101
Fumoumsifiulsunsudeiiuanalugli 410 Sogufl 416 Suwantsidon
Tdsunsueenuuvszuvdeasduvosanil Iifhdes  $GS20061D1  Tumsneasseonuuy
szuuRenaueIEnil MAdesitszuz s snidmiewnzunssmevieiuaiwane
UAZAITNAADI pONULSTUURBAsAuYBsanil IMfhdeofidszoevhesenadniwes
azuns ey Waiuawe 'Iﬂtf“l%’ﬂ?aumanj:mé’fuﬁm%'un15aanm,msmnwimmméiu
amfiliihinhidu Faidoyaded
Area of substation(A) = 6336 m’, Depth of ground grid(4 )= 0.5 m, Fault clearing
duration time(¢ ) = 0.6 sec, Fault current division factor( S f) = {0.714, Thickness of surface
materiel( 4, ) = 0.1 m, Soil resistivity( o) = 13.14 Q —m, Symmetrical fault( / J,,) =315 kA log

Washed granite rasistivity( ©5 ) = 3000 Q2 —m

£ 565200601~ "(PROGRAW FOR CALCULATING OF SUBSTATION GROURDNIG SYsTEN) 77777 =777 0 (T AR 1
© INITEAL BESIGH - i
DATAFOR CALCULATION SELECT FGR GROUND GAID DESIGN :
DEPTH OF GROUND GRID [h) l—“‘“"‘l"s ™ # UHEQUALLY SPACED GROUMD GRID DESIGH
OECREMENT FACTOR FOR DETERMINING (D™~~~ ~ EDUALLY SPACET; GROUND GRID DESIGN
FAULT CLEARING DURATION TME el [ ™" s oo oo oo
FALLY CURRENT LIVISIGH FACTOR (S [ 55 ..
LENGTH OF GRID M3 OIRECTION Rl [~~~ "% Cocpm anneded -t e )
LENGTH OF GRID N Y DIRECTIONG) [ 7§ m TABLE1-MaTRRLL CONSTENTS  grew
LENGTH O GROUND ROD 1L {———"—F THEAMAL OF GRGUND CONGUCTOR 3T REFERENCE TERP (s~ ~ ) fuyss)
: HUMBER OF GROUND ROD I [~} RO me
| MOMBER OF PAAALLEL CODLICTOR K DIRECTION ) |5 RESISTIVITYOF GROUHD CORDUCTOR AT REFERENCE TEWP. ot {7 |
! HUMBER OF PARALLEL CONDUCTOR Y DIRECTION W) 13 © THERMAL CAPACITY PER UIT VOLUME (1CAR) | 327
SOILRESISTMITY o} {™~""T33; ehmm. MAYC ALLOWABLE TEWF [Tm] {7 =7 o
: SMMETRICALFAULT DD [ 35 k& ANBIENT TEMP. fel 740
P THICKNESS OF SURFACE KATERIAL () |57 m ;
WASHED GRANITE RESISTIVINV () [5G avnm CONDUCTOR CANSS SECTION AREA mm2) 120 Snmm :
DIAMETER OF GRID COMDUCTOR 14) S m :
, Bl }

31l 4.10 mihdeiudoyanseonunuszudasiuvesynil lufhden

o

& ¥
duaounis e Tlsunsy

e L =

=1 w
- dpyangludoud

[a—y
.

Depth of ground grid

2. Decrement factor for determining

W

Fault clearing duration time
4. Fault current division factor

5. Length of grid in x direction
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6. Length of grid in y direction

7. Length of ground rod

8. Number of ground rod

9. Number of parallel conductor x direction

10.Number of parallel conductor y direction

11.Soil resistivity

12. Symmetrical fault

13. Thickness of surface material

14. Washed granite resistivity

15. Thermal of ground conductor at reference temperature
16.K0

17. Resistivity of ground conductor at reference temperature
18. Thermal capacity per unit volume

19.Max. allowable temperature

20. Ambient temp temperature

1. msfmnaoenuuuszUuReasAuvesrol i deviitiszuy
vhasznadaniwenzuns it eiaiu llasiave
(Unequally spaced ground grid design)

2. MsfUINeBNIULsTUDADRIAWBIRn il INfhdeufiflssuy
WsEHIRdNomzuns s evisduaiuaue
(Equally spaced ground grid design)

3. FUANIIVDINSUNTIA Y

1. Conductor cross section area

2. Diameter of grid conducter

= 1

;:‘ 73 r L ar as
TJutiezAlani NN 19AIAIR 1R ae

q a

1. 1] OPEN iianfn
1 ) a s cly @  da uw

2. 1Ju CALCULATE ioaanfitjuiiszilsingradwinvoswndns
AMTIWMTA 1 1182 2
| A a A d’ 3 o

3. 1y NEXT Woatinhijufiazilavinaemsfiuinseniuussuy

] = = ' t:; = d‘i
maammmﬁmu‘lﬂﬁwaUmumaamaﬂu"l‘umiaammu Has
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wilandnivdoyamsesnuuuszuuasansduvesani Wi
oy
] 1 »
4. 1fu EXIT wiondnftjuiivedanidsiudeyamssonuuusyuy

sionsAuvosaonil IWvhdesuazoontin1usunsy SGS2006.1D1

B5GS2006 D1~ . PROGRAM FOR CALCULATING OF SUBSTATION GROUNOING SYSTEM)
r- EQUALLY SPACED GROUMND GRID DESIGN
 CHECK FOR SUBSTATION GROUND GRID DESIGN

AREA OF SUBSTATION 4] £3% Sqm

 TOUCH VOLTAGEFORS0kp. v 70ko Elouch) 6154294 6025518 v .. I
STEPVOLTAGE FORS0kg and TOhg [Exten) 2012452 2723788 v | CORRECTIVE WEIGHTING FACTOR K] 124745 I
CORRECTIVE WEIGHTING FACTOR (K5) 1 i

MESH VOLTAGE [Em) and STEP VOLTAGE [Es) 265.4391 1909905 ¥
CORRECT FACTOR FOR GRID GEOMETRY [K) 2496338

GRID RESISTANCE [Rg) 7.927646E-02 ohm :E

; GRID POTENTIAL A1SE (GPA) RNy ii
i . EFFECIIVE LENGTHFORMESHVOLTAGE M) 210708 m
+ LGRIO POTENTIAL RISE [BPR) VS TOUCH VOLTAGE Etowtt ol poss EFFECAIVE LENGTH FOR STEP VOLTAGE [Li] s
{1 MESHVOLTAGE fEm) VS TOLCH VOLTAGE [Etouch) pars GEOMETRIC FACTOR in) 1231812 j
}ISTEP VOLFAGE (£4}S TOLERABLE STEP VOLTAGE (Esten) pas SPACING GE TWEEN PARALLEL CONDUCTOR 1D} Be
e, SPACING FACTOR FOR MESH VOLTAGE [Km) 7371045 i
e e e : SPACNGFACTORFORSTEPVOLTASE X9} 3585197 m |
. MAIMUM GRID CURRENT 0G) ne A THE PERIPHERAL LENGTH OF GRID (Lo) o |
| REFLECTION FACTOR () - 992782 TOTAL LENGTH OF GROUND CONDUCTOR L7) PRSI
E REGUVTION FACTOR [Cs) BIN0US TOTAL LENGTH GF ON GHOUND ROD (L3} e
!

T "“"""‘,T::ZL

| cuomare |[EEEVEEK] wooer | mesur | oeraoeson|  ear |

3 411 miviemisdmanesnuuuszundeasduvesanil ithieufitszeriasendng

AMUDINTHATIFMNEM AU AT BAND

Tunauns e ldsunsy
- Yoduatng 1. Tolerable touch voltage for 50 kg. and 70kg
Tolerable step voltage for 50 kg. and 70kg

Mesh voltage and Step voltage

Ll

Grid potential rise

5. Maximum grid current

6. Reflection factor

7. Reduction factor

8. Grid resistance

9. Area of substation

10. Corrective weighting factor, Kh
I1.Corrective weighting factor, Kii

12. Correct factor for grid geometry
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13.Effective length for mesh voltage

14. Effective length for step voltage
15.Geometric factor

16.Spacing between parallel conductor
17.Spacing factor for mesh voltage

18. Spacing factor for step voltage

19.The peripheral length of grid

20.Total length of ground conductor
21.Total length of all ground rod

22.Grid potential rise vs Tolerable touch voltage
23.Mesh voltage vs Tolerable touch voltage

24, Step voltage vs Tolerable step voltage

» A o oA dy as et

1. 1}u CALCULATE tipnannijutiszisinguadusiiaoma
o & o
WF A3 100159 1 04 21
1 4 ~ i ] dy ar o i

2., 1) SAFETY CHECK Wiendniijufiszdsinguasdwinvewn
[ o a 4 ]
Awiaustonsh 22 19 24 iisalsng e “pass” uamen
sTUUsEUURBAsAUMIMIsBnIUUNANNYaRAny Minlsing
3 ' ] e e
YDA “not pass” UAAINTEUVTEUUROIAUNTIIMTODALUD
= [ wr ¥ o a o
fianulilasads wdvmudueiilu Msg box

i - = H L ¥ r ot
3. 1ju MODIFY en@nfitjuilszitlantwsiudeyanisesnuuy
t = = ' ) 8 o

szuuAoaRuvasanil I ooz anidinansduon
PONLUUIZ LU DAsALBIa DNl IWftaonTssusv19sening
A IUDIAZUNT IRV WH DU AL UETUD
* q = i e ] o o

4. 1)y RESULT tiendnfitluiiszilenthiaianadwinsoeniiul

1 = =t L] q.d 1 » (-7 o
ssuvseasRuuRIan il W dooRTlszuzviesznIed 1 ves
ASUATINIHIID U UTND
[ ] ¥

5. 1]y DETAIL DESIGN Wanadnijuilezilaniisnivazidus

ANSODNUULTEUURDAIANYBagail IFhdeenTiszozing

SEHANAIMIVDIASHN TN H RNUFT U LD
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{ 4 a a1 d’ W o 1
6. 1 EXIT wendnfitfuiivzVamiviedrusenuuuszuuse
asauvesaoil i weshiszoznissened s veensuns e

MemsfumineuotazoonyinTUsunsy SGS2006.1D1

r

“BSG52006.01 " [PROGRAN FOR CALCULATING OF SUBSTATION CRODBNNG SYSTER) 77 T R TR ""Lﬂ@lﬁ}

| |- CHECK FOR SUBSTATION GROUND GRID DESIGN- - SELECT NUMBER OF GROUND CONDUCTEA FOR UNEQUALLY SPACED GAID
| TDUCH VOLTAGE FOR 50k and70kg [Elouch) 6154284 8329518 v, : s -
i STEPVOLTAGE FOR S0kg and T0ko. [Elep] 2012452 2723743 . NUMBER OF CONDUCTOR OF UNEQUALLY % DIRECTION [re) 7185658 < !
. MESH VOLIAGE [Emand STEP VOLTAGE [Es] 2654391 1309805 v,  SELECT NUMBER OF CONDUCTOR OF UNEQUALLY X DIRECTION LS B
\ GRID POTENTUAL RISE {GPR) 1783007 v, e
i . .
; ..' GRID POTENTIAL RISE (GPA) VS TOUCH VELTAGE (Etouch) rolpasz . NUMBER OF CONDUCTOR OF UNEQUALLY Y DIRECTION [ny)  7.784473 | .
?g MESH VOLTAGE [Em} VS TOUCH VOLTAGE {Etouch} pasz * SELECT NUMBER OF CONDUCTOR OF UNEQUALLY X DIRECTION w7 I
} STEP VOLTAGE [Es) VS TOLERABLE STEP VOLTAGE (Esieq) pas e
. COHDUCTOA SPACED ]
i 1+ CONDUCFOR SPACED FOR LxSIDE : CONDUCTOR SPACED FOR Ly SIDE - '
;| CENTRALSPACED (dmax) 2307181 m CEMTRAL SPACED [dmax) 1B m |
| SEGMENT SPACED (o) ISQ7641-9850774 m SEGMENT SPACED (4] 0A7-80597 m ' :
| sererv oveo | [GACOaTE]| Mooy | _mesur | oeraLoesen|  ear H

3 422 mhdsmsfnnmeenuuuszuudensiuvesantil nfhdeufiszoevasen g

athwosnzunsaaemeiy luaswaye

»
Tuaoumsldonlisunsy
/ Amuy o o
- mm‘gangﬂvﬂmmu 1. Select number of parallel conductor of unequally x direction

2. Select number of parallel conductor of unequally y direction

- Yedwaans 1. Tolerable touch voltage for 50 kg. and 70kg
2. Tolerable step voltage for 50 kg. and 70kg
3. Mesh voitage and Step voltage
Grid potential rise
Number of paralle! conductor of unequally x direction

Number of parallel conductor of unequally y direction

N oA

Central spaced

oo

Segment spaced
9. Grid potential rise vs Tolerable touch voltage

10. Mesh voltage vs Tolerable touch voltage
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11. Step voltage vs Tolerable step voltage

[ 4 a e dv o del
. 1Ju CALCULATE Wananitjuliazisngradwinyenn

w o <
AWBEATUIIUATN 704 8

. 14 SAFETY CHECK ilonfnfitlutiszisinguadwi ivoma

o & P £ A 3 1
AWEMNTIOMIN 9 D9 11 185N TBAIN “pass” LARIN
STBUSTLUABIIAUMT I IMTRRNUULTANUBaasiy ndsing
YA “not pass” LAAITTEAITENURBNIRUANINI DONKIL

Hinnulilaoany udwhmud i iu Msg box

. " b
. 1lu MODIFY Wendnhijuiazitlanidriudeyamsesnuuu

szyureasduvasronil I desuazezUanidmisnisaimin
DENUULIZVUABAIAUYDIRD 1 W 1w Nlissoz 1952179

drrhusnzunsamaneianu limiwaue

’ & a a1 d.y =) 9t w o
. 1y RESULT Wananhijutiazdaniidlawadninisoen

VST UNRBaIA YTt WA deonssoeviesen e

YoangunsInerIan luminaue

. 1Ju DETAIL DESIGN enaniiuilszdanihdnnvazidon

A RONLLUTEUURABaIRLYBIaD il I dauhilszoerg

sEHIeAMIUBIRZUAT IR oY N T aiuaue

3 ] ¥
. 1u EXIT Wendnntjuilasdanihansuisesnuuussuude

= =t 1 o » r w g
ﬁﬁﬂu‘ﬂﬂﬂﬂﬂ'luvlﬂ'ﬁ'wﬂﬂﬂll'ing‘HNSSH’J’NF'I’JH'HJ?NGI::LLHSQ

svoviadu liaduaueuazeannin Tusunsu SGS2006.1D1



- GRID CONFIGURATION FOR EQUALLY SPACED GROUND GRID DESIGN = s oo st o o e 2

NUMBER MESH FOR Lk SIDE: 12

;  SPACING BETWEEN PARALLFL CONDUCTOR FOR LxSIDE (1] 6 m
SPACING BETWEEN PARALLEL CONDUCTOR FOR LySIDE ID) & m

NUMBERMESHFORLySIDE T

{85 )  ceos ;
|

< 1

ci s v o o 1 = =3 . a ]
31]1‘1 4,13 ‘H‘L!']ﬂ'NNEIEI‘W'ETT]Si’)ElﬂLL'iJ‘lJ‘ig‘lJUﬂE)ﬂﬁﬂu"UﬁNﬁﬂ'lullﬂﬁ']tlﬂﬂ‘nﬂﬁxﬂzﬂ']ﬁﬁzﬁ'ﬂﬂ

ANIUBIPTUNTIAMH I LA NTUD

14
a

- Yodnadns

- NAMA

- unuau

Junsums 1daullsunsy

. Number mesh for Lx side

. Number mesh for Ly side

. Spacing between parallel conductor for Lx side

. Spacing between parallel conductor for Ly side

. suezunsamyvesszuunensiuanil iWihdosnliszuzving

FTHUINANNVDIALUNT IV NAUANUAUD

(Grid configuration for equally spaced ground grid design)

3 ] td .
. 1ju GRID Wendnfidfuilazalsingradnifivona

o i [
AWIRNIVITIWATIN ] 53 4 uazgﬂﬂzumwww

. * b4
. 1Ju CLOSE iiendnhtjuilazilaniisanadwinsenuuy

sguuseatduvesanil INfhtosnlszozniesesnedinives

AL INVIH AU AL BT
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T3652006.01~  (PROGRAM FOR CALCULATING OF SUBSTATION GROUNDING SYSTEN] R =) ]
?-GﬂlDEUNFIGURATlOHFOR UNEQUALLY SPACED GROUND GAID DESIGN - - - Coeen

COMDUCTOR COMPRESSION RATIO (C)FOR Lx SIDE . 655093
CONDUCTOR COMPRESSION RATIO [CHFOR Ly SIDE - 7575501
NUMBER MESHFOR LxSIDE: &

MUMBER MESHFORLySIDE: &

PERCEMTAGE OF THE SAVE MATERIAL  40.11943

SPACED ALONG FOR Lx SIDE UST:  9.893244--15.00678-~23 02938--23.02338-15 05678--9 833744 m |
SPACED ALONG FOR Ly SIDE UST-  8.122952--10.72766--14 1543%-34 1543910 722688 122952 n |

[[Csm )  cose

317 414 wihdasmadnimseenuuusyuudeasiuvesanil infhdesffiszozvaszning

Aniveenzunsamyrevenu laitaue

¥
dunoums g Tsunsy
- YRIHDANE 1. Conductor compression ratio for Lx side
2. Conductor compression ratio for Ly side

Number mesh for Lx side

AW

Number mesh for Ly side

i

Percentage of the save material
6. Spaced along for Lx side LIST
7. Spaced along for Ly side LIST

- AW 1. jUnsunsanwvesssuudsasavaoil Wi euhiisvusving
sernaaivesazuns s hovieiy takiuaue

(Grid configuration for unequally spaced ground grid design)

U ' 4 a .:1.” PO
- Yunugu 1. 1}u GRID isndnfiijuilizUsingnadwifivona
a o o ] 1
AWBRIMT WM 1 89 6 unzzdazunssa1vie
3 ] 14
2. 1)u CLOSE ienfinfitjuilvsanihdnadwimsooniuy
ruvdensuvesamil Iidesitssezvinnssnhsdinies

azunIIaanevsiu luediuaus



e BT PROCRIN FOR CALCTRATIG OF SI.WWSYSTEMI taiatiaiin

~GROUND GRID SUMMARY REPORT FOR EQUALLY SPACED GROUND GRID DESIGN: -

Data for Cafculation
DECREMENT FACTOR FOR DETERMINING (D) » 1
FAULT CLEAFING GURATION TIME [is]u 6 sc
FAULT CURRENT DIVISION FACTOR (5= 714 |
LENGTH OF GRID IN DIRECTION [La] = %6 " i
LENGTH OF GRID IN' DIRECTION {tyl= 65 f
i SYMMETRICALFAULT (i = 3.5 © %A :
WASHED GRANITE RESISTIVITY [nsh« 3000 ohmm i
Step 1 . Field Data Step5 Grid resistance :
Aiea of sbitaonlal= 6T Sqm Gnd iesislance (Rg] = 7997645 02 g
Sodresalivty Ipl = 1314 shmin Step 6 Mamum Grd Current ,
Step 2 - Conductor Size Maximum geid et (1G] = 22431 A
Typo = Coppor amosled 3ol diawn Step 7 Check Giid Potential Rise
' Size [Amm2) = 120 Sqmm Grid polendaliire [GPA} = 1783007 i
; Diameter (d) = 01425 m  Grd potential ise [GPA] vs Toleible louch votage [EtouchB)] = not pass .
B i
j Step3:Touchand it;i?'fe: a3 R Step 8 Mesh and Step Voltage )
I! o lactor [Cs) <. Mesh vokage [Em{ = 2654381 vl
! Toberble touch votage ot S0 kg (ElouchSl) = 615.4294 v S1ep votage [Es)= 190905 v
! Todesble louch vikage for Tk [EtouchD) » BI2 9518 v
ol step vstage for 50 ko [E 65501 o 2012452 Step 9 Check Mash Volltage
Hep voraga for S0 kg [EstesS0} - 2012. - Mesh vokage (Em) vs Tolerble touch viage (EtouchS0) = past
Tolerble step voRage for 2D kg (Estep?0) = 2723.749 ¥

Step 10 . Check Slep Voltage ;

Step 4 : Initial Design
Step vokags {(Es) ve Tolerble siep vollage (EstepS0} = pass

]

! Spacing between paralel conductr (D)= & i
. f

[ Dopthof gound o [h] = .5 m Step 11 : Modify Design !

1

] ‘

Number of ground g lijw 4 Step 12 : Detat Design
Length of ground tod Lt) = 6 L

i Mumber of paradel conductor x drecton [ = 12
MHumber of pareiel conductor y deection [ny] = 13
| Thickness of suface material (hsh= .1 m

Ut 415 wilwineswaniBuanisosnuuussuuroasiuvesamil iihdesiiliszz v

FEHINAINIVOIRSUNTINVIEH N YT NTUD

Funouns e Tusunsy

YoIHDTNE 1. Data of calculation
2. Step 1 Field data
3. Step 2 Conductor size
4. Step 3 Touch and step criteria
5. Step 4 Initial design
6. Step S Grid resistance
7. Step 6 Maximum grid current
8. Step 7 Check grid potenttial rise
9. Step 8 Mesh and step voltage
10.5tep 9 Check mesh voltage



11.Step 10 Check step voltage

12.Step 11 Modify design

13.Step 12 Detail design

104

M [} ¥
- 1fupaugu 1. 1Ju CLOSE iienfinfilfuiiozYamihwissvaziBoamsesnuuy

seuuRoasAuveetl I oosnliszoz 1T En e 1B

azuATIMIYITHIINUatLaue

B SI006 T PROGRAR FOR CALCULATING OF SUBSTATION GROVNDFG STYETEMI™ =JoEd
~GROUND GRID SUMMARY REPORT FOR UNEQUALLY SPACED GROUND GRID DESIGN- e
i Datafor Caleutation Step 5 : Grid resistance
{ DECREMENT FACTOR FOR DETERMINING [DI] = 1 Grd tasetance [Rgl= 7927646602 ohm
i FAULT CLEARING DURATIGH FIME fic] = 6 sec Step 6 . Maximum Grid Current

FAULT CURRENT DIVISION FACTOR [Sf= 714 Mamum gid curent [I6) = 22491 A -
LENGTH OF GRID INX DIRECTION [Lv}= 36 mn Step 7 Check Gnd Potential Rise
. LENGTH OF GRID IN ¥ DIRECTION |Ly] = 65 Gid potentiatnize (GPA| = 1783007 v.
: SYMMETRICAL FAULT (iff « 315 KA Giid poleetisl tise (GPR] v Folerble louh vollage [EtouchS0) = not pass
| WASHED GRANITE RESISTIVITY [ps] = 3000 ohonm Step 8 - Mash and Step Voltage
! Step1-Field Data Mesh vokege m » 2554391 v
Areas of substabon |A) = 6336 Step voltage (Es) = 190.9805 'R
Sotiesiiy (e 131 o Step 9 * Check Mesh Voltage
Step 2 : Conducior Size Meshvotaoe (Em) v Toluble touch vokage [ElouchS0) = pass
Type = Copper arncaled soll drawn i
Size [arm2) « 120 Sqmm Step 10 : Check Step Voltage ;
Dismeter 4] ~0UZ5 N $tap vakage (E ] v Tofecble slen votage [EstepS0} = pase !
1
Step 3 : Touch and Step Criteria Step 11 : Modify Design !
Reduction lactor [Cs) = 6310145 f
Tokirbie touch vokage lor 50 kg. [EtouchS0] » £15.4234 Step 12 : Unequally Conductor :
Tolerbis louch vokage lor 70kg {Etouch7] » 8329518 Hurebar tech for Lx sido e 6 :
; Toleibk step vokage lor SO kg [EsteaS0) = 2012452 Humbes meshlos Ly sde = B :
| Tokeibls siep vokage for T0kg € ep70t= 2723749 Petceniage ol the save mateiaf » 40,1143
Step 4 : Initial Design Step 14 - Dstail Design i
Drapih ol ground grid [h) = .5 m 1
Number of ground tod [e} = 4 Step 13 : Conductor Span i
Lenpth of groend rod [Le] » 6 m Conductor compression tatio (Cj bor Lx side = 653456 i
Numbel of pasallel conducior x drection frixj = 12 Condutton compestion ratio [C) foe Ly side » 7554196 !
Humber of paralbel conductor y diection [yl = 13 Central spaced fdmax) for Lx side = 23.07181 m
! Theckness of suface materisl (he] = .3 m Central 1paced (dmax) ol Ly ©ds « 1416697 m
: Sepment spaced (] 1o L side = 5076419651774 m
© Segment spaced () loe Ly side » I0.71711-8.095917 m
! fCoose ||

UM 4.16 nhesswaiBuaniseenuuuszudeasAusssaatil Infhesniisze v

sTHINANIIvIRZLNTIIUIO R Tl uaye

¥
Fuasuns g Tilsunsy

wr d
- YpaNaanNs 1. Data of calculation
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2. Step 1 Field data

3. Step 2 Conductor size

4, Step 3 Touch and step criteria
5. Step 4 Initial design

Step S Grid resistance

Step 6 Maximum grid current

Step 7 Check grid potential rise

e =

Step 8 Mesh and step voltage
10.Step 9 Check mesh voltage
11.Step 10 Check step voltage
12.Step 11 Modify design
13.Step 12 Unequally conductor
14.Step 13 Conductor span

15.Step 14 Detail design

* " b
- fluniugy 1. 1y CLOSE diendnfitjufissTanidnswaziBoamseonuu

1 1 as

' = = L] A:ia:t o
'iz‘lJ'Uﬂf)ﬁ\?ﬂuﬁjﬂ\‘}ﬁﬂ1uvlﬂﬁ'lﬂﬂﬂ‘l’mi$ THNIZHITNAIUIUDI

AN UV IAU LA uaue
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[¥) & 1 = -1 7 :;d 1 ] W o
4.2 HOAAWENIPRNLUVSELUsRadARvaIa IMThgeenisazvaszneath

voanzunsamneviadu luaivous
4.2.1 m3vvnuUUsTULRBasAnsarailivhasunn
Foyadmiumsfneanuuyssuudensduvednil Wdsounn Sinaaszys
YUIR 115722 kV,

Area of substation, 4 = 6336 m

Depth of ground grid, =0.5m

Fault clearing duration time, £, = 0.6 sec

Fault current division factor, S =0.877

Thickness of surface materiel, hs =0.1m

Soil resistivity. 0=4.92 Q-m

Symmetrical fault. / . = 31.5 kA(rms.)

Washed granite resistivity, ps = 3000 Q—m

o o
UHADUN 1
-] 3/ d” k1 o s 1 = ~ [l
ff'!i'Jil‘l]Elﬂ;l'ﬁL‘lJBﬂﬂuﬁ'lﬂ'iﬁﬂ'l'ii’)ﬂﬂllﬂ“uiz‘lJUﬂElﬁ\iﬂu‘Uﬂﬂﬁﬂ'lull‘V‘lﬁ'lﬂﬂﬂ
Area of substation, 4 = 6336 m

Soil resistivity, p = 4.92 ohm-m

‘?}uﬂ@u‘ﬁ 2

AIUINIUIAVDIANNINBDIAY (Conductor size)
Honani1noasfutia Copper annealed soft-drawn ﬁfhﬂaﬁﬁﬁ@ﬁa{f
Ambient temperature, I = 40 °c
K,=234 °¢
Max.allowable temperature, 7, = 700 °c
Resistivity of ground conductor at reference temperature, p, = 1.72 £2—cm
Thermal capacity per unit volume, TACP =3.42 J/ (cm3 x “c)
Thermal coefficient of resistivity at reference temperature, &, = 0.00393 1/ °e

Time duration of current flow, ?,= 0.6 sec
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Formula

Conductor cross section area, Amm,

- i

4,
TCAPI0™ ) (K, +T,
tr'arpr KD _7:!

Caleculation

4., =31.5/J((0.000342)/(0.6x0.00393x1.72) ) In{(234-+700)/ (234 +40))

L

A, =97.95502 mm®
ar q’: 24 kY o o
ﬂﬂuumaniwmmaqmm
Conductor cross section area, Amm, =120 Sg.mm

Diameter of grid conductor,d =0.01425 m

Funouit 3
Srunaus s IWFhduFageaaiiugedmunsany 1 wasus s Idfhgasigagai
wyndmnsonuld (Touch and Step)
Equivalent radius of a foot, = 0.09 m
Formula

The reflection factor, &

_{p-p)
= orr)

Calculation

k =(4.92-3000)/(4.92 +3000)

k =-0.99672537

Formula
Reduction factor, C,

a[]—ﬁJ
C =1 N P

* (2h)+a
Calculation
C, =1—((0.09x (1—(4.92/3000))) /((2x 0.1} +0.09)}
C, =0.6902
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Formula

Tolerable touch voltage for 50 kg, E

fouch50
0.116
Eypnso ={ Ry + l.SC.‘,p_‘)[_t-]

lculatio

Eppenso = {1000+ (1.5x0.6902x 3000))x(0.116//0.6

1

&
=

E

touch50

=614.8805 v

Formula

Tolerable step voltage for 50 kg, £

step50
, 0.116
E.\'J(,‘FSD = (RB + 6C’\p\)[—}

I

Calculation

E,s50 = (1000+(6x 0.6902x3000))x (0.1 16/\/0.6)
E pso = 2010256 v

funerii 4

ﬁmuﬂmﬁaanmmxﬁ’mﬁu (Initial design)
Depth of ground grid, #=0.5m
Length of ground rod, L, =6 m
Max.length of grid in x direction, L = 96 m
Max.length of grid in y direction, L_‘, =66 m
Number of grourid conductor x direction, 7, = 12
Number of ground conductor y direction, 7, = 13
Number of ground rod, n, = 4

Spacing between parallel conductor, D=8 m



‘l;l,’uﬂﬂuﬁ 5
f‘im'Jmmms%’fmmuﬂmaszundamﬁu {Grid resistance)

Formuia

Total length of conductor, L_

L =(nL)+(n.L)

Calculation

L =(12x96)+(13x66)

L =2010 m

Formula

Total length of ground conductor, L,

Ly=L +(NL)

Calculation

L, =2010+(4x6)

L, =2034 m

Formula

Grid resistance, R .

R,=p L+ 1 [1+ ! ]
¢ L 204\ m2074

Calculation

R, =4.92x((1/2034)+ (1/J(20%x 6336))x (1+ (1/(1+0.5,/(20/6336)})

R, =0.0297 Q

*i‘l‘;uﬂauﬁ 6
AMIUNTZUANITAZIYA (Maximum grid current)
Formula
Symmetrical grid current, /,
1,=8.1,
Calculation
I, =0.877x31.5
, =27.6255 kA (rms.)

109



Formula

Maximum grid current. /,

Iy =D,1,1000

Calculation
I; =1x27.6255x1000
IG =27625.5 A

Sumeusi 7
Arurmtlsziuun Ul aeafe (Check grid potential rise)
Formula
Grid potentizl rise, GPR
GPR = IR,
Calculation
GPR =27625.5%0.0297
GPR=820477 v
Check
GPR<E

fouch s

820.477 > 614.8805 not pass

fumouii 8
Anurmns s Idiargaga uazus sdu Tufheefiigege (Mesh and step)
Corrective weighting factor, K, =1
Grid reference depth, #,= 1 m
Max, Distance between any two points on the grid, D, = 116.4989 m
The peripheral length of grid, L ,= 324 m
Formula

Geometric factor composed, 7,
2L,

nﬂ = ‘
L

P



Calculation

n, =(2x2010)/324
n,=12.4074
Formula

Geometric factor composed, n,,

) _( LI_ )(”2)
v \ava

Calculation

my =(324/(4x /6336 ) A (1/2)

n, = 1.00876
Formula

Geometric factor composed, x,

Il 0.7.4/(1,4,)
nr — 'y

ulation

fati
. =((96x66)/6336) A((0.7x6336)/(96x66))
1

@
53

~al

Formula
Geometric factor composed, 71,

D

m

ny =

Calculation
n, =116.4989/{(96 A 2)+(66 A2)) A(1/2)
n, =1

Formula

Geometric factor, #
n=nnnn,

Calculation
n=12.4074%1.00876x1x1
n=12.516

11



Formula

Corrective weighting factor, K,

K, = }I+i
hO

Calculation
K,=J(1+(0.5/1))
K, =1.225

Formula

Spacing factor for mesh voltage, K,

I p* (D+2h) n| K 8
K,=—T/In + SR UL [ —
2z| |16hd  8Dd  4d| K, |x(2n-1)

Calculation

112

remark = {(8x8) (16x0.5x0.01425) + ((8 +2x 0.5) A 2/(8x 8x 0.01425)) - ((0.5/{4x 0.01425)))

remark = 641.447

K, =(/27)x (In(641.447)) + ((1/1.225) x In(8 /(rr x (2x12.516 = 1)}))

K, =0.7371

Formula

Correet factor for grid geometry, K,
K, =0.644+(0.148n)
Calculation

K, =0.644+(0.148x12.516)
K, =2.496

Formuia

Effective length for mesh voltage, L,,

L i,

JE+ L _ g

L,=1 +|1.55+1.22

Calculation
L, =2010+(1.55+(1.22x (6 /((96 A2+ 66 A 2) A 0.5))))x 24
L,, =2048.7079
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Formula

Effective length for step voltage, L
Ly= (0.75L(_. ) +(0.85L,)
Calculation

L, =(0.75%2010}+(0.85x24)
L, =1527.9

Formula

Spacing factor for step voltage. K

K=i L+ ! +(1m().5""')
m|2h D+h D

Calculatign
K, =(1/7)x((11(2%0.5))+(1/(8+0.5))+((1-0.5 A (12.516-2)}/8))

K, =0.3955
Formula

Mesh voltage, £,

E - pIG Km KJ
m LM

Calculation

E, =(4.92x27625.5%0.7371x 2.496)/2048.7079
E =1220v

Formula

Step voltage, £

E =F 1, KK,
5 LS
Calculation

E, =(4.92x27625.5%0.3955% 2.496)/1527.9
E, =878 v
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Funoudi o

munlsziundiuilasany (Check mesh voltage)
Check
Em < Ero:rrerU

122.0 < 614.8805 pass

%ﬂﬂﬂu'ﬁ 10

furmdszsiinanulaonny (Check step voltage)
Check
E <E,

87.8 <2010.256 pass

Funeu 11
U5ul3amsovnuuy (Modify design) deszuudeasiusiamnulasaioliges
Wamualaamseenuuiuiesdy (Initial design)
Sumoudi 12
Auamd e nihwewsunsnteiilsessiessniednihvheiu biasuane
(Uunequally conductor)
Formula
Total number of the ground conductor for equally spaced grid, n.
Hy, =n,+n,

Calculation

R, = 12+13

= 25

Formula

Coefficients, &

@ =121.2¢7) 11 2664
Calculation

a=121.2e(-0.3x25)+1.2664
a=1.3334



Formula |

Coefficients,

BRI

B =--92.6¢ """ 166337
Calculation

B = (—92.6)e(—0.07x 25) + 66.337
B =50.2455

Formula

Percentage of the save material, A

A
A=—A% _100%
1+(0: i]
100
Calculation

A=((1.3334x(50.2455/100) /(1-+1.3334x(50.2455/100)))) x 100
A=40.1188

Formula

Number of ground conductor for unequally spaced grid x direction, n_;
no=n(1-2)

Calculation

n, = l2><(1 —(40.1 188/100))

n, =7.1857

Select number of ground conductor for unequally spaced grid x direction

Number of ground conductor x direction, n,= 13

Percentage of the save material, 4 = 40.1188

Formula

Number of ground conductor for unequally spaced grid y direction, n;
n,=n,(1-2)

Calculation

n, =13x(1-(40.1188/100))

n,=7.73

Select number of ground conductor for unequally spaced grid y direction

n.=1

115
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%umauﬁ i3
A IUADIIZUE Y193 2NN R I 1UB9ALUN 399110 (Conductor span) 9NATTIN 2.6 1
a4l FIMTURIMIUNIAT Conductor compression ratio ﬁﬁs‘lﬁ
Coefficients, a,, = 0.44
Coefficients. @, = - 77.43
Cocfticients, a,, - 15.63
Coefficients, ¢, = 0.033
Coefficients, a,, = 76.9
Coefficients, ¢, = - 15.56
Coefficients, a,, = - 0.067
Coefficients, a,, = 0.50
Eormula
Coefficients, aq,
Ay = Ay, + Ugyk + ag K
Calculation
a, =0.44+ ((=77.43)x (—0.9967)) + ((15.63x (-0.9967) A 2)
a, =93.14149
Formula
Coefficients, a,
a, =a, +a,k+a,k’?
Calculation
a, =0.033+(76.9x(-0.9967)) + ((—~15.56)x (—=0.9967) A 2)
a, =—92.0707
Formula
Coefficients, «,

ay, = Qy, + a5k

»}

alculation

a, = (~0.067) +(0.50x (—0.9967))
a, =—0.565




Formﬁla
Coefficients b for L side,b
b=-0.3503-9.6311¢ %%

Calculation

b =(—0.3503)—-9.6311e(—0.03666 x 96)
b=-0.6355576

Formula

Conductor compression ratio C for L_side, C
oA L hi

C=a,+ae " +uae"

Calculation

C =93.1414 +((=92.0707)e(0.0001x 0.5)) + ((—0.565)e((=0.6355576) x 0.5))
C =0.655

Formula

Central conductor span for L_side,d

o 1,0-0)

max [n;-l)]
2l1-c* °

miax

o = (96 (1-0.655)) /(2% (1-0.655 A ((7 -1}/ 2)))
d, =23.03 m

Formula

Number of segment L side.m

Calculation
m=((7-1)/2)-1

m=2

17



Conductor span of the i segment for L_side, d,
d=d_C

d, =23.03x(0.655 A1)

d, =15.08 m

d, =23.03x(0.655A2)

d, =9.88 m

Formula

Coefficients & for L, side, b
b=-0.3503-9.6311e"""

Calculation
b=(-0.3503)-9.6311e(-0.03666 x 66)
b=-1.207

Formula

Conductor compression ratio C for L_side, C

0.0001%

L
C=a,+ae +a,e”

Calculation

C=93.1414+((-92.0707)e(0.0001x 0.5)) + ((—0.565)e((—1.207) x 0.5))
C=0.757

Formula

Central conductor span for L, side, ¢
L,(1-C)

2 I—C[Q%I)]

max

max

Calculation
d... =66x(1=-0757)/2x(1-0.757TA(7-1}/2)))
d =14.16 m

max

118



Formula

Number of segment Ly side, m

=

=

Calculation
m=(7-1)/2)-1
m=2

Formula

Conductor span of the i segment for L, side,d,

d,=d,C

Calculation

d, =14.16x(0.757 A )
d, =10.72 m

d, =14.16x(0.757 A 2)
d,=811m

ﬁ?umauﬁ 14
agUsazdean1seenuuUsTUDADAsAUYBIRNT InFhdoy

Area of substation, 4 = 6336 m’

Depth of ground grid, /= 0.5 m

Fault clearing duration time, , = 0.6 sec

Fault current division factor, § .= 0.877

Thickness of surface materiel, hs =0.1m

Soil resistivity, 0=4.92 Q-m

Symmetrical fault, If =31.5 kA{rms.)

Washed granite resistivity, ps = 3000 Q—m

Conductor cross section area, Amm, =120 Sq.mm

Diameter of grid conductor, d =0.01425 m

Tolerable touch voltage for 50 kg, £, ., =614.8805 v
Tolerable step voltage for 50 kg, £,,,5, =2010.256 v

Max.length of grid in x direction, L = 96 m

Max.length of grid in y direction, L = 66 m

119
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Grid resistance, R, = 0.0297 Q
Maximum grid current, [, = 27625.5 A
Grid potential rise, GPR =820.477 v
Mesh voltage, E, =122.0 v
Step voltage, £ =87.8 v
Percentage of the save malerial, A = 40.1188
Number of ground conductor for uncqually spaced grid x direction, n,~ 7
Number of ground conductor for unequally spaced grid y direction, n_;, =7
Conductor compression ratio C for L, side, C' = 0.655
Conductor compression ratio C for L side, C=0.757
Spacing between parallel conductor L_side:
d,=9.88 md =15.08 m,d , =23.03 m,
d. =23.03m,d =15.08 m,d, =9.88 m
Spacing between paralle]l conductor L_‘, side:
d,=8.11 md =10.72 m,d , =14.16 m,
l =1416 m.d, =10.72 m,d, =811 m

HLAN

nax



4.2.2 MssenuULITUDABRsAUesEe T INThTaiudy
ﬂagaﬁm%’umﬁﬁm'mmemmmzuuﬂ'amﬁummﬁmﬁ'lﬂ%ﬁaﬁyuﬁu 3In A
H3ZUAT YUIR 115/ 22 kv,

Area of substation, A = 6336 m’

Depth of ground grid, A= 0.5m

Fault clearing duration time, {_ = 0.6 sec

Fault current division factor, Sf =0.714

Thickness of surface materiel, o, =0.1 m

Soil resistivity, p=13.14 Q—m

Symmetrical fault. /= 31.5 kA(rms.)

Washed granite resistivity, ps = 3000 Q~m

Tunoaui 1
8 Y .:f 9 a [ t o =1 []
Hsndeyaiissdudmiunmssenuuuszuunsasauuesaniii iWides
Area of substation, A= 6336 m

Soil resistivity, o= 13.14 chm-m

%HGIE}N"?; 2
AUIMVUIAVDIAITNADAIAY (Conductor size)
oNANIIADAIAUIIA Copper annealed soft-drawn ﬁ?f’lﬂaﬁﬁ'ﬁﬂﬁﬂ‘ﬁy (m‘i'l\‘.lﬁ. 2.1)
Ambient temperature, T, =40 °c
K,=234 °c
Max.allowable temperature, T;"= 700 ‘¢
Resistivity of ground conductor at reference temperature, p, = 1.72 pQ—cm
Thermal capacity per unit volume, TACP =3.42 J/ (Cm3 X "c)
Thermal coefficient of resistivity at reference temperature, &, = 0.00393 1/°¢

Time duration of current flow. 7, = 0.6 sec

121



Formula

Conductor cross seclion arca. /f"" .

4,
TCAPI0™ ), (K, +T,
trarpr K() _7-;‘

Calculation

A = 31.5/\/((0.000342)/(0.6x0.00393x1.72))ln((234+ 700)/(234 +40))

mm®

A ,=97.95502 mm’
o o’:’ 2t 8 @ o
mumﬁaﬂ‘lwmmmmm
Conductor cross section area, Amm: =120 Sq.mm

Diamecler of grid conductor, ¢f =0.01425 m

Funoudi 3 _
fmuans e Ifhdudaqegafivyudannsony 1] uazus siu Iihasdigeaad
wyuda 150U 14 (Touch and Step)
Equivalent radius of a foot,a=0.09 m
Formula

The reflection factor, £

c(Pp)
(p+p,)
Calculation

k= (13.14—3000)/(]3.14+3000)
k=-0.9912
Fornmula
Reduction factor, C,
Yo,

C=lonon_"°7

: (2h)+a
Calculation

C, =1-((0.09% (1~ (13.1473000))) /((2x 0.1) + 0.09))
C, =0.6910



Formula

Tolerable touch voltage for 50 kg, E,,,,,d,sn

0.116
.'um,h}[) (R +1 SC )[ \/-t— ]

Calculation

= (1000+(1.5%0.6910x3000))x(0.116/:/0.6 )

Iumhil)

=615.4196 v

E tonch 30

Formula

Tolerable step voltage for 50 kg, £

0.116
E.\'.'cpSU = (RB + 6C\p‘ )( \/t— ]

Calculation

E\ 0 = {1000+ (6x0.6910x3000))x (0.116/+/0.6 )

step50

wepip T

L = :2012.4124 v
Funouii 4

S MUAN DDA DI (Initial design)
Depth of ground grid, #=0.5m
Length of ground rod, L =6 m
Max.length of grid in x direction, L =96 m
Max.length of grid in y direction, L, = 66 m
Number of ground conductor x direction, 7, = 12
Number of ground conductor y direction, i1, = 13
Number of ground rod, 7, = 4

Spacing between parallel conductor, D = 8 m

123
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%’umau‘ﬁ 5
ﬁT‘u’Jmﬂ’JTMS‘»’]"IH‘VITH‘;I'EJ&E%U‘]JGiﬂmau (Grid resistance)
Formula
Totat length of conductor, L
L =(nLl)+(nlLl)
Calculation
L =(12x96)+(13x66)
L =2010 m
Formula
Total length of ground conductor, L,
Ly =L +(N.L)
Calculation
L, =2010+(4x06)
L, =2034 m
Fo

I

rmula

Grid resistance, R "

Rezp[—l—+ ! (!-& ! H
’ Ly 204\ #2074

Calculation

R, =13.14x((1/2034)+ (1/J(20x6336))x (1+(1/(1 +0.5./(20/6336)))

R, =0.0792 Q

Fuaouii 6
AMUIUNTSUANTAZIYA (Maximum grid current)
Formula
Symmetrical grid current, / .
1,=8,1,
Calculation
1,=0.714%31.5
fg =22.491 kA (rms.)



Formutla
Maximum grid current, /;

I =D,1,1000

Calculation
I, =1x22.491x 1000
I,=22491 A

‘ﬁ,uﬂﬂu'?'l 7
Aumdsziiuanuilaoads (Check arid potential rise)
Formula
Grid potential rise, GPR
GPR=1I.R,

GPR =22491x0.0792

GPR =1781.2872 v
Check
GPR< E

touchs0

1781.2872 > 615.4196 not pass

fwrnus s Iddwsgege uazussduIifharefagage (Mesh and siep)

Corrective weighting factor, K =1

Grid reference depth, 2, =1m

Max.distance between any two points on the grid, D, = 116.4989 m
The peripheral length of grid, L =324 m

Formula

Geometric factor composed, i,
2L.

nﬂ = L .

P

Calculation
n, = (2x20]0)/324
n, =12.4074

175



Formula

Geometric factor composed. 1,

. _(_ LI, ][1.’2)
i 4‘\/]

Calculation
n, =(324/(4x V6336 )) 1 (172)

n, =1.00876

Formula
Geometric factor composed, 72,
0.74/( L2,
Lz,
y
n =|—
A

Calculation

n, =((96%66)/6336) A ({0.7x6336)/(96x66))

n =1
Formula

Geometric factor composed, #,

D

Hi

nd'

Calculation

n, =116.4989/((96 A2)+(66 A2)) A(1/2)

nr.l' :1

Formula
Geometric factor, 1
n=nmnAnn,

Calculation

n=12.4074x1.00876x1x]
n=12.516

126
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Formula

Corrective weighting factor, X,

K, = }I+i
hﬂ

Calculation
K, =J(1+(0.5/1))
K,=1225

Formula

Spacing factor for mesh voltage, K,

1 D* (D+2n) K| K, 8
K, =—|In + e | 2 —
27| |16hd  8Dd  4d| K, |=x(2n-1)

Calculation

remark =((8x8)/(16x0.5x0.01425)) + (8 +2x0.5) A2 /(8x 8x0.01425)) — ({0.5/(4x 0.01425)})

remark = 641.447
K, =(Q1/27)x((In(641.447)) + ((1/1.225)x In(8 Hmrx(2x12.516-1))))

K, =0.7371

Formula

Correct factor for grid geometry, K;
K, =0.644+(0.148n)
Calculation

K, =0.644+(0.148x12.516)
K, =2.496

Formula

Effective length for mesh voltage, L,,

o L
Ly, =L +[1.55+1.22)| ——|L,
JE + L,
Calculation

L, =2010+(1.55+(1.22x (6/((96 A 2+ 66 A 2) A 0.5)))) x 24
L, =2048.7079
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Formula

Effective length for step voltage, L
L, =(0.75L.)+(0.85L,)
Calculation

L, = (0.75 x2010)+(0.85x24)
L, =15279

Formula

Spacing factor for step voltage, K

it1 1 (1-057)
= — +
Y om|2h D+h D

Calculation
K, =(lffz')x((l/(2x0.5))+(l/(8+0.5))+((1—0‘5/\(]2.516—2))/8))

K, =0.3955
Formula

Mesh voltage, £,
pl. K K

- mT i

L
Calculation

E, =(13.14x22491x0.7371x2.496)/2048.7079
E, =265.3964 v

Formula

Step voltage, £
pl. KK,
L

Calculation

E, =(13.14x22491x0.3955% 2.496)/1527.9
E, =190.9414 v

E =62
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%ﬂﬂﬂuﬁ 9

Aalsziiuanuilasans (Check mesh voltage)
Check
Em < Elolr{‘erU

265.3964 < 615.4196 pass

‘%‘I—&ﬂﬂu‘ﬁ 10

Arudszmiuanuilasaiy (Check step voltage)
Check
E <E,

190.9414 <2012.4124 pass

dunoud 11
U301/339n1598nLUY (Modify design) iipszvusonsufinmuiineado ludos
winuasmssenuumidosdy (Initial design)
Suneudi 12
frunai s nhvesazunswneiilissuevhasn i v W asuaue
(Unequally conductor)
Formula
Total number of the ground conductor for equally spaced grid, n1,
)’1_\,}_ = nx + n.‘.

Calculation

n,=12+13
n, =125
Formula

Coefficients, &

a=121.27") 11 2664

Calculation

a=121.2e(-0.3x25)+1.2664

o =1.3334



Formula

Coefficients,

B=-92.6¢"""" 166337
Calculation

B =(-92.6)e(=0.07 x 25) +66.337
B =50.2455

Formula

Percentage of the save material, A

"
2=—2100 1000

1+(a£J
100

Calculation

2 =((1.3334%(50.2455/100) /(1 +1.3334x (50.2455/100)))) x 100
A =40.1188

Formula
Number of ground conductor for unequally spaced prid x direction, i1,

n.=n(1-1)

Calculation
n, =12x(1-(40.1188/100))
n. =7.1857

Select number of ground conductor for unequally spaced grid x direction
n_'r =7

Number of ground conductor x direction, n, = 13

Percentage of the save material, 4 =40.1188

Number of ground conductor for unequally spaced grid y direction, n_;.

n_.v =n, (1 - ’1)

Calculation
n, =13x(1-(40.1188/100))
n,=1.73

Select number of ground conductor for unequally spaced grid y direction

n,=7
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AU TTOTH TN IR IV0IRSUNTIA1U G (Conductor span) 215197 2.6 1
.1]. 2. A TUA U I Conductor compression ratio ﬁﬁﬁf‘:
Coefficients, ¢z, = 0.44
Coefficients, ¢y, = - 77.43
Coefficients, ¢z, = 15.63
Coefficients. a,, = 0.033
Cocflicients. @, = 76.9
Coefticients, ¢, = - 15.56
Coefficients, a,, = - 0.067
Coefficients. 15, = C.50
Formula
Coefficients, ¢
a, = ag, + agk + agk’
Calculation
a, =0.44+ ((=77.43)x(-0.9912)) + ((15.63x(-0.9912) A 2)
a, =92.5447
Formula
Cocfficients. «,
a, = a,, +a,.k +a,k*
Caiculation
a, =0.033+(76.9x(—-0.9912)) +((—~15.56)x (-0.9912) A 2)
a, =-91.4776
Formula
Coefficients, a,
(1, = @y + Uy,k
Calculation
a., = (—0.067)+(0.50% (-0.9912))
e, = -0.5620
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Formula
Coefficients b for L side.h

b=-0.3503-9.6311e"""

Calculation

b =(-0.3503)—-9.6311e{-0.03666x96)
b=-0.6355576

Formula

Conductor compression ratio C for L_side,C
0.00014

C=a,+ae"™" +a,e”

Calculation

C=92.5447 +((—91.4776)e(0.0001x 0.5)) + ((—-0.5626)e((—0.6355576) x 0.5})
C=0.0530
Formula

Central conductor span for L, side,d__

_L(-O)
o d
2| 1-C
Calculation
d,.. =(96x(1-0.6530)/(2x(1-0.655A((7T-1)/2)))
d_ =23.1658 m

iy

Formula

Number of segment L_side, m

o[t

Calculation
m={(7-1)/2)-1

m=2
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Formula

Conductor span of the i segment for L_side,d,
4 =dpC'

Calculation

d, =23.1658x (0.6530 A1)
d, =15.1272 m
d,=23.1658x(0.6530 A 2)
d,=9.8781 m

Formula

Coefficients b for L_‘, side, b
b=-0.3503-9.6311 """

Calculation

b=(~0.3503)-9.6311e(—0.03666x 66)
b=-1.207

l‘ormula

Conductor compression ratio C for L“, side, C

0.00015

C=a,+ae"™" +a,e"

Calculation

C = 92.5447 +((—=91.4776)(0.0001x 0.5)) + ((~0.5626)e((~1.207) x 0.5))
C=0.7548

Formula

Central conductor span for L, side,d

L, (l _C)

max

d

mas

2 1—('[(

Calculation

d. =(66x(1—-0.7548) /(2% (1-0.7548 A ((7=1)/2)))

N

d_ =14.1964 m



Formula
Number of segment L, side, i

1))

2

=

Calculation
m=((7-1)/2)-1
m=2

Formula

Conductor span of the i segment for L _side,d,

d =d_C

Calculation

d, =14.1964x (0.7548 A1)
d,=10.7154 m

d, =14.1964x(0.7548 A 2)
d,=8.0880 m

‘%ﬂﬂﬂu‘ﬁ 14
aysnwazidsamseenivuszuAeaIAuIDITe I IHhooo

Area of substation, A = 6336 m

Depth of ground grid, A= 0.5 m

Fault clearing duration time, #, = 0.6 sec

Fault current division factor, S = 0.714

Thickness of surface materiel, hs =01m

Soil resistivity, p=13.14 Q—m

Symmetrical fault, /. = 31.5 kA(rms.)

Washed granite resistivity, ps =3000 Q-m

Conductor cross section area, Amm, =120 Sq.mm

Diameter of grid conductor,  =0.01425 m

Tolerable touch voltage for 50 kg, E.ram'hSO =6154196v

Tolerable step voltage for 50 kg, £ =20124124 v

stepS0

Max.length of grid in x direction, L =96 m
Max length of grid in y direction, L = 66 m

134
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Grid resistance, R, =0.0792 Q

Maximum grid current, [, = 22491 A

Grid potential rise, GPR =1781.2872 v

Mesh voltage, £ =265.3954 v

Step voltage, £, =190.9414 v

Percentage of the save material, A = 40.1188

Number of ground conductor for unequally spaced grid x direction, n_:r =7

Number of ground conductor for unequally spaced grid y direction, n;, =7

Conductor compression ratio C for L_side, C' = 0.6530

Conductor compression ratio C for L_side.C = 0.7548

Spacing between parallel conductor L _side:
d, =9.8781 m,d, =15.1272 m.d,,
d_ =23.1658 m,d, =15.1272 m,d, =9.8781 m

nax

=23.1658 m,

Spacing between parailel conductor L side:
d, =8.0880 m,d, =10.7154 m,d
d, =10.7154 m,d, =8.0880 m

=14.1964 m,

max
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Soil resistance, p (£2—m) 300
Washed granite resistivity, ps ({2 —nt) 3000
Area of substation, A (Sg.m) 7704
Length of grid in x direction, L_(m) 107




137

1 » '
mafi 5.1 (o) Yoy aidiewdudmiumseenuuussuuReasiuvesdotl i dos A
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Length of grid in y direction, L, (m) 72

Thickness of surface materiel, #_(m) 0.1

Depth of ground grid, # (m) 0.5

Symmetrical fault, / 7 (kA) 5.28

Fault clearing duration time, £, (sec) 0.6 o
Number of ground conductor x direction, 1, N 2-7_ |
Number of ground conductor y direction, #, - 38 _

Number of ground rod, n, 4 -
Length of ground rod, Z_{m) 6
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Grid resistance, Rg (ohm) 2.6044 2.6044
Maximum grid current, IG {A) 3168 3168
Grid potential rise, GPR (v) 8250.8659 8250.8659
Tolerable touch voltage, EtouchS0 (v) 649.369 649??:_69
Tolerable step voltage , Estep50 (v) 2148.21 2148_21 o
Mesh voltage, Em (v) 648.0146 ) 648074_6 o
Step voltage, Es (v) 1042.2260

1042.2260
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Total length of all ground rod, Lr {m) 24 24
Total length of conductor for equally, Le (m) 5625 -
Percentage of save grounding grid, 4 (%) - 43
Total length of conductor for unequally, Le (m) .- 3117
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5IUn15 aoil Idhdevesunn
Soil resistance, p(Q—m) 4.92
Washed granite resistivity, ps (Q—m) 3000
Area of substation, A (Sq.m) 6336
Length of grid in x direction, L, (m) 96
Length of grid in y direction, L}, {m) 66
Thickness of surface materiel. /7 (m) (;I— -
Depth of ground grid, /1 (m} 0.5
Symmetrical fault, s (kA) 315
Fault clearing duration time, £, (sec) 0.6
Number of ground conductor x direction, n, 12
Number of ground conductor y direction, n, 13
Number of ground red, », 4
Length of ground rod, L_(m) 6
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Grid resistance, Rg (ohm) 0.0297 0.0297 -
Maximum grid current, IG (A) 27625.5 27625.5 i
Grid potential rise, GPR (v) 220.477 7487.‘;(;;777 N
Tolerable touch voltage, EtouchS0 {v) 614.8805 614.8805
Tolerable step voltage , Estep50 (v} 2010.256 2010.256
Mesh voltage, Em (v) 122.0 122.0
Step voltage, Es (v) 87.8 87.8
Total length of all ground rod, LR (m) 24 24
Total length of conductor for equally, Lc (m) 2010 -
Percentage of save grounding grid, 1 (%) - 40
Total length of conducior for unequally, Le¢ (m) - 1134
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5I0M13 aonilWhdessnirdu
Soil resistance, p (£2—m) 13.14
Washed granite resistivity, ps {2—m) 3000
Area of substation, A {Sq.m) 6336
Length of grid in x direction, L _(m) ) 96 -
Length of grid in y direction, LJ, (m) 7676 -
Thickness of surface materiel, #_(m) 0.1 a
Depth of ground grid, /# {(m) 0.5 —
Symmetrical fault, 7 . (kA) 31.5
Fault clearing duration time, Z {sec) 0.6
Number of ground conductor x direction, 41, 12 )
Number of ground conductor y direction, n, 13
Number of ground rod, 1, 4
Length of ground red, L_(m) 6 o :
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Grid resistance, Rg (ohm) 0.0792 0.0792
Maximum grid current, IG (A) 22491 22491
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518115 , -
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Grid resistance, Rg (ohm) 0.0792 0.0792
Maximum grid current, IG (A) 22491 22491
Grid potential rise, GPR (v) 1781.2872 1781.2872
Tolerable touch voltage, Etouch50 (v) 615.4196 615.4196
Tolerable step voltage , EstepS0 {v) 2012.4124 2012.4124
Mesh voltage, Em (v) 265.3964 265.3964
Step voltage, Es (v) 190.9414 190.9414
Total length of all ground rod, Lr (m) 24 24
Total length of conductor for equally, Le (m) 2010 -
Percentage of save grounding grid, 4 (%) - 40
Total length of conductor for unequally, Lc (m) - 1134
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Soil resistance, p(£2-m) 492 13.14
Washed granite resistivity, ps (Q—m ) 3000 3000
Area of substation, A (Sq.m) 6336 6336
Length of grid in x direction, L, (m) 96 96
Length of grid in y direction, L, (m) 66 66
Thickness of surface materiel, 2, (m) 0.1 0.1
Depth of ground grid, # (m) 0.5 0.5
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Symmetrical fault, ] (kA) 31.5 31.5
Fault clearing duration time, f_(scc) 0.6 0.6
Number of ground conductor x direction, 1, 7 7
Number of ground conductor y direction, n, 9 9
Number of ground rod, n, 25 25
Length of ground rod, L, (m) 6 6
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Grid resistance, Rg (ohm) 0.03059 0.030739
Maximum grid current, IG (A) 27499.5 27499.5
Grid potential rise, GPR (v) 841.4264 845.3071
Tolerable touch voltage, Etouch50 {v) 614.8563 614.88
Tolerable step voltage , Estep50 (v) 2010.159 2010.256
Mesh voltage, Em (v) 129.3141 152.99
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Step voltage, Es (v) 88.3788 84.14
Total length of all ground rod, Lr {m) 150 150
Total length of conductor for equally, Le (m) - 1266
Percentage of save grounding grid. 4 (%) 37 -
Total length of conductor for unequally, Le (m) 780 -
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Grid resistance, Rg {(ohm) 0.08171 0.082096
Maximum grid current, IG (A) 22491 22491
Grid potential rise. GPR (v) 1837.936 ) 184:6-:12I I.
'Ir;nlrcrabl-e—u-n;(-:l1 vc-)-l-;ag-c..}-ilouchSO (v} “615..4294 6154196
';;lerable step voltaée , Estep50 (v) - ;01;;.;; o ‘2012;41‘25' .
Mesh voltage, Em (v) 282.4621 334.17
Step voltage, Es (v) 193.0468 183.79
Total length of all ground rod, LR {m) 150 150
Total length of conductor for equally, Le (m) - 1266
Percentage of save grounding grid, A (%) 37 -
Total length of conductor for unequally, Lc (m) 780 -
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ABSTRACT

The main functions of the design of the substation grounding system include economic under conditions
ensuring safe and reliable operation of power system and ensuring human being's safety in the situation of grounding
fault in power systern. This paper presents the design of an unequally spaced substation grounding grids. The design of
the grounding system considering the conductors spacing ratio by condition of the burial grounding system in soil which
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