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ABSTRACT

When using economical principle to consider widely accepted the conventional method. many
disadvantages have been found namely the designed grounding system use too many conductors. This
directly affects the cost of construction, which is very high. Although the designer recognizes this
problem and try to reduce conductors in order to get the optimal design by decreasing factors influence
safety and recalculating in order to get the most valuable and. safe grounding system design, however,
the design is trial and error and it is a numerical analysis method. Therefore, designing is complicated
and complex. As a result, this article presents an effective grounding system design program for
substation based on the requirement of IEEE Std.80-2000 [1]. This program was created and developed
by MATLAB program. Using this program you can choose conventional method design or optimal
method design [2] to reduce the number of conductors and ensure the safety of substation. This thesis
also presents the instruction and results of such program for both two methods. Afterward the
comparison of two results will be presented, which found that the optimal design method was able to
reduce conductors for up to 11.83 %. In addition, it reduces designing time much more than the original
method and the program is able to print out the hard copy as well. In addition to article, theory and
methods of safety design and effecting factors of grounding system design are studied. Maximum touch
& step voltage criteria are discussed. The program can vary value of various factors for study that how
effect to these voltages and program is simply designed for using, can interface with designer by GUI,

and produces results of design and using a little time for design which is the advantages of this program.
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2.6.1 wmmmm?'l (Effect of frequency)
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Material Conductivity (%) 7,20 K,
Copper. annealed soft-drasn 100.0 1083 702
Copper. conunercial hard-drawn 370 1083 706
Coppert. commercial hard-drawn 97.0 250 11.78
Coppet-clad steel svire 200 1084 10.43
Copper-clad seeel wire 50.0 1084 1206
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Aluminum EC Grade 61.0 651 1212
Aluminum 5005 Alloy 335 652 1241
Aluminum 6201 Alloy 525 654 1247
Aluminum-clad steel wire 20.3 657 17.20
Steel 1020 108 1510 1595
Stainless clad steel rod 98 1400 1472
Zinc-coated steel rod 8.6 419 28.96
Stainless steel 304 24 1300 30.05
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h, Surface layer thickness . ) m
aalsofaau
4
aszua Tihazunsagaga Fuilu
Maximum grid current that flows nsznar hifhAanseaf Tnaseninazunsa
I between ground grid and surrounding e e a4y , A
earth (including dc offset) ATMIAUNVAUNDYADUIDUAEHNTIADAI
Au
& .
aszua il weonsaqumnassaiuasn
I, Symmetrical grid current . . - A
fdsmounio
wimaesmsazisuiioaniniini
. Reflection factor between different a 4w aan -
K flection factor b d AuMuvaIRuTUR | Gagiidu nasdu | -
resistivities . . v
Fui 2 T
; sohti . . e G P =
Corrective weighting factor that wimmoiiimininihlwgndoadniui
K. emphasizes the eftects of grid depth. -

simplified method

HANTENUIINANUBNVBINTHNTINDDIAY
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Correction factor tor grid geometry.

JeieqV ¥ e ;
" ardawmes i higndesd misuglsn

K, simplified method or The irregularity .. -
factor ATHNTINDDIAY
/e e e qv v A
wiamesimninihihigadosmifuna
Corrcclivf wcigl}?ing factor that adjusts | yaumannir’llthnwluuusomsinia
K, for the eftects of inner conductors on . -
the corner mesh, simplified method Hau
ulmnosszozrvoanisinh i
Spacing factor for mesh voltage vududmiumsnnsadu e
K. AR, o a Ao -
simplified method AZINSA 130 Bondnoo1n i
nrianos3ilseazins
Spacing factor for step voltage. urlmmesszozive s sdinivinihinon
K. simplified method or The geometrical . . . L -
factor sumiudmiunsinsadu i,
Total length of grid conductor or The | 77OV wveunidnih It ldh
¥ fod
L total length of the conductor in the runsedoasau Hosewmanildih | m
] 7
horizontal grid 11331 (Grid Conductor)
Eftebive [enaitl of 1+ L;Tor mesh rasImvoIn sz AnERasEniv L,
£ - *
L., Voltage or The effective buried uaz L, Amsumsnsaduiiiwes m
gth
leng ALUNII
Ly The peripheral tength of the grid AT UITBUFUV0INTINI IR0 AL m
ANuoIswvoaniIANT I fhuias
Ly Total length of all ground rods (Ground Rod) ffluaudsznauwes m
g g
£UNSIABAAY
anuoveumIani i umaas
L Length of ground rod at each location | (Ground Rod) fisumuslaqluszuvaoas | m
g g
Au
. Effective length of L.+ Ly for step KO3 IMYDIATWEINSSANTHATININ L,
o - . -» o . n]
voltage waz L, dmiunwninsduliihsnedn
anuo1dssininas uvsamn i
: ; Hq 9. . a 4 o H
Total effective length of grounding Tvhilhiszuudoadudgainsema
L, system conductor. including grid and - m
sround rods w510 (Grid Conductor) HAZIUIAY
{Ground Rad)
Maximum length of grid conductor in x armenTunny x inmfigaves
L, L = m
direction ALUNsIADMIAY
Maximum length of grid conductors in ATy y Rnafigavos
L, s v a m
y direction ALIN3IARDAIAY
Y  § » ' P |
Geometric factor composed of factors uﬂﬂmﬂs’gﬂsNﬂ:tmsmamau L
n n,.m. n,. and n, or The number of v . -
parallel conductors dsznouludimans n, n, n, waz
] Snnvsamadniv il luazinsa
e Number of rods placed in area v A
ADBIAY
R, Resistance of grounding system ATUATUNIUYDIT U UABAIAY Q
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Fault current division factor (split

) aramainismianszualdihidansos -
factor)

TR
Duration of fault current for sizing szoznawomszna bilihansoailna

ground conductor Aanmmaanih i woasdu

qqda . o
Duration of fault current for szoznawodnszna fhRanssadmsn

g determining decrement factor

MshdAMBs NS anae

Duration of shock for determining szozvawonsena lfhAansoan lna
allowable body current

s unmoiveu i la

4.1.2 ﬂﬂ%ﬂ%ﬂqﬂ (Criteria Parameters)

Fasae Wiidugusifludefonsenudeinmaianudasasvue snzuns wwoasdud
oonuuuiy suldus nszua Ivfhazins 1qaga (Maximum Grid Current /,) 3202190 17iAa
n12zAANT B3 (Fault Duration 1) nafifin W gasoyana (Shock Duration 1) AIWANIMIL
$UNIZUDIAY (Soil  Resistivity ) AWM UNIULDITerA 150HIAN (Surface  material
Resistivity 0) HAZJUNTIVBIALUNTIADAIAYU (Grid Geometry) Fatlasoludmuesginsuos
AZUNTINDAIAU (Grid Geometry) ﬁﬁqﬁﬁmﬂsnmuqﬁ'xﬁsﬁmi’fﬂa Wy USanaumaaai el

¥ P 't @ o ~Q Vo ' 2/ & a
mumuﬁmUﬂmwmummuﬂﬂ% ﬂi%ﬂTi%UUﬂﬂﬁQﬁu‘ﬂ\11“!&“35'I“U HASHUIA

] v @ o 2 2 ] @ =3
521N 96211 1WA (Conductor  Spacing)  HATANIUANVBIALUNTIANDAIAUILY

oy 1 o

HANTENUBHUINABIUTIAU INHIAZUNTS (Mesh  Voltage)  Tuamisiduruguinauma

bt b4
#2111 191 (Conductor Diameter)  HAZAUNUIVRIFUTAANUAINTUNHANTENVA

usaau Ithaziinss (Mesh Voltage) tioouin

4.1.3 wsaulnvliveanzinsa (Mesh Voltage)

s g Ifhgeamsings anns o ldenaunish 4.1 Taosus s Iihesazuns i
HunadwiaInn1sAIUINB Geometrical Factor K, Corrective factor Kifi NNWAIUNIY
Sumzvesiu (0) nazmnszue IMfndonlesyiavesnimunidssAnsraveauriednia

Ivhveaszuuaeasdungnialuan (7 /L,)

p’Km 'Ki ']G
E = (4.1)
LM

v .
dIM3U Geometrical Factor K, duszemnsonim ldninaunish (4.2)



1 D’ o+2m’ b | K, 8
K =-—||m + e | ——— (4.2)

27T 16-h-d 8-D-d 4-d Ky T2 -n-1)

4'1 < ] ’ @ e d’ o
dle D fie szozvnsznhenih iy
] o @ o a o [ B
d fe iduruguinatsveswnni sz uudendu
h B ANANYDINTUNIIADAIAY
& o J ' a
n Ao unamesJUs1eRzINs WBALAY
{:’ v 4o & fe 1w o
K, fio unamesiminfivh ldgndeshsunansenuvoamisaninlvih
MoluvUPINTUN TN
A s‘: v e 9/ v s v v 2
K, Ao urlamesiihminiidh Idgndesiniuludiuvewansznuvennuanazunss
& '3 3 1 e o = & o o ar
K_ #io uramosszozvinveamsdnih lddhineuunududmiumsmus sdn i

[ P < a . & o 1
¥OIATUNII NTD LSUﬂﬂﬂﬂﬂ'lﬂﬂllﬂ')'lllﬂﬂmﬂij_ﬂiNﬂ:‘,uﬂis‘l

L 4
dmsumsBenidar k. Wuwrdesfinisanninnisiaseaiuvesasunssdsasau i
azuns snpasAuiinisdoudeduunadni Mfiuuafa (Ground Rod) asdmuald K, =1 ud

b 4 s '
&'lisinsAensvesunisianii T uuafs (Ground Rod) ssmia1 K, ldninaumsh (4.3)

1
K = YN (4.3)

2
(2:0),

3 ]
&miua K, duamsam anaumsh (4.4)

K, = |[1+— (4.4)

- <4 o Y a a S/ J a & o ' o
Tao#t b, Ao seAudeBn lFlunsHanzinswonadualnumaD 1 was

o » 3 o d? 1 o ] a 3
msnuraes 31T 1AzuNTReRsAY (n) sxTuBLAUFULUVYBIATUNIIADAIAY &

3 o ' 3 a 3
aunsamanames JUIezInsIReasau (n) lHnnaunsi (4.5)



n=mn,-n,n n,

» } 4 .
Taoiia n, duansom ldnnaunisi (4.6)

= 1 dmduasunsaieasrugilimaon

=
I

=]
Il

=}
I

wazezunsaglauea

FMSUNSTOUG AWITOMIAN 0, 0 18T n, WAITUMIT (4.7) (4.8) uag (4.9)

t v
_\j i
n, — N7
4-~/a
0.7-A
- LX°LYA]Lx~Ly
n e
(o}
A
D

A m

d
NG

Taoh L fio anuonsuveamisdniridihnlévimeunssioacau

L, Ao anmorudusougluesnzunsnonsau

b 4 »
A A9 NUNVDITLUVABAIAY

L_#o Ao hunnunu x nnigausinzunsinensan
L, e Ao luuaunu y iinnfigauesnzunssneasau

D, fie szuzvinsznhagadesyanulunzunsadeaddunilidminiga

=1 dwiuazunssreasdugldmaon uazazuns U TmMdsuAumn

| = 1 dmsuazunseneatiugudmion azunsagifimaunini

4
I

(4.6)

4.7)

(4.8)

(4.9)

4 v
§MTUN13NITUINIAT Correction Factor for Grid Geometry K, 1u3ziiuifoq

s ) * _ A * ﬂl
funrminesgUseazuns 1readAy (n) Seezannsoma ldnnaunisii 4.10)
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K, = 0.644 4+0.148n (4.10)

. o =3 A ’ 2 by 3 a aw Y
AN L, uu%zuﬂamau"l‘u“lumsm NR13A8 D12 ULABIAUNHODINIIUY 1A

«
v .

L4 .
onuuuTLEuaE i AR (Ground Rod) Bgdas lidiezdAadsiidumislaves
’ a 4 ] i a J o 3 a
ALUN5 19 BAIAURATY 1TU AUTIYDUIBUUONUBINUNTINDAIAU YUVDIATUNSIADAIAY

wiemuluazunsnondu L, szlimasaunisi (4.11)

L, = L.+1L, (4.11)
A b= 1 & o a
die L, Ao Anues s ni iniwuafe (Ground Rod)

L 4 » "
(e nzuns seeasmiinliTunaf i IihiunaRs (Ground Rod) doiFausdiuazing ano

asAuAIved L, dxiimAsdumsi (4.12)

L

T

Ly =L +|155+122) === | |'Lg (4.12)
13 F Yl

d' A " @ o n. d‘ o + 1 =
e L Ao AE1e s I LIRS (Ground Rod) Riduiniialaq luszuuasasau

S SUAIA eI A T TR (Ground Rod) Ly fiuvzerinsamnIden

AuNIIN (4.13)

Lg = L -n (4.13)
d’l P 1 g o n‘ 1) 1]
do L, #ie Anuonveauniadni1 Influinafs (Ground Rod) umazina

n #1e Sruvswmed i1 Ihiuafe (Ground Rod) YBIAZUNIIRDDIAU

L, #ip A2m015veariad nivInANI A (Ground Rod)
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4.1.4 w53 1v1933/13 (Step Voltage) NIBATHITIDINATUNIINBAIAUNDBNIVY
' o ' [~ o o ° . .
Ans e Tfhgedudunadns 911 A IUINRAYMUUDL Spacing Factor K Correction

’ o a ¢ a v e o
Factor K, maudumusuwizvesdu p uaznszua ilulesgiavesuwnadnirlnihves

ssvuepasauiigniaiudu (gL, i Wudaumsi 4.14)

_ oK Kilg (4.14)
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1 @ o a [X=1 < a 1 o
g I lunufs (Ground Rod) wie'hifieu fisgldfeaunis (4.15) mia L, imileusiu

Ly = 0.75-L,+085-L, (4.15)

v & g t d'd? (XY ’ = o [ © o
A1 K, FuluiinvuegiuinsuoinzuniwoniauLasanBuzng Jamavesanirivih

v t 4 ] .
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< P BV ] a L] (] £
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Ks=l—l—+ 1 +l(1—0.5"'2) (4.16)
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Suntu gy muUsuudni il lussuu Iiunna aassozviesenhamesdmir i

) £ & Y4 Ha a . a .
wiorowmzunsaliovanioaamdnd INH AR (Gradient Voltage) M38819921HIUNA
o ° a =3 n’: [~1 o ' c:: P VoA 4 y
§2011 A unuaR e (Ground  Rod) A 14 9imifufinduldgiuasui 1 miiordg

¥
ASLUIUNISAIITADUNIANULaaRNIBNASY

v v b d
Sunoudi 12 eenuvy luswazdon na1afe niseenuUUN IMNAIUNSATWFBULEIT
3 a a ° : [ d,’ [~ [ o v
aspenuuUITUUABatAUH Idnssiumiudasads mintazilunisdaiedumuaves
gunsel IMfhimilenzunsadeasiu nisdedoumofudrliddniugulnih nieanln

1 3
IW#h nsvTareashu Fasdenimiug ldfumsdadagunsal i

FIELD DATA

AP STEPI

CONDUCTOR SIZE
31.t.d STEP2

o ¢
TOUCH & STEP CRITERIA

3 I STEP3

Timtwch$i or 500 Stepi o 70

INITIAL DESIGN
D.n.L.L_.h STEP4
el

GRID RESISTANCE

R.L.L STEPS
g ¢ R
GRID CURRENT
STEPIL! IG. t STEP6
MODIFY DESIGN
N Dn' Lr‘ Lr
A ) STEP?
YES
NO
MESH & STEP VOLTAGE

Em' Es" Km' K‘, Ki‘ Kii' Kh STEPS
STEPY
STEP1O

[ DETAILDESIGN ] STEPI2
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4.3 A20E13INSMIUINVONUVVIZVLABAIAUMNININIG U IEEE Std. 80-2000
f29019N 15 A TUINDDNUVUITUUADAIAUITDINDITINAIANUINYDINIAIT N IEEE
$1d.80-2000 FINSHAAINIR MY wazma)szynalFauns a151a uazas v dmiuns
BNV UURBAIAUANNIATIIM IEEE Std.80-2000 H3nqulszad Ao
1 onamenisyszynaldueadumsaunnsgIu IEEE $td.80-2000 el ldwadns
nseenuuuidasastdaudeimsvesdesniuy

b 4

v a a o ] ¥ o P IS [ 3 'Y
onaad T UAINIANA T SUIIHAANEN 1ADINNTTATUIUBHIIINTUADUATY

N

o o % - b o Yy
11@53 71U IEEE Std.80-2000 fiunadwsnis 15 lsunsuasunuasiaainnlyuniym

NITBNLUY
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3. euaas liruideu lvueimsoonuuy MSUMIAIUINBINNEAININATIIY IEEE
$td.80-2000

o v @ ) ° o Vo 9 o < vy 1 Yy A& o v
THIUAIBYNNIIATUIUAUIANIVDON 4.3.1 TUN 4.3.4 %zi‘mauﬂamammwauﬂﬂh

3
ponLUY fan 1l

lode Mnsigazlszan N
Fault duration, t, = 0.5 sec.
Positive sequence equivalent system impedance, Z, |= 4.00 +j10.0 Q
(115 kV side)
Zero sequence equivalent system impedance, Z, = 10.0 + j40.0 Q
(115 kV side)
Current division factor, S; = 0.6 sec.
Line-to-line Voltage at worst-fault location = 115,000 \Y%
Soil resistivity, P = 400 Q.m
Crushed rock resistivity (wet), Ps = 2500 Qm
Thickness of crushed rock surfacing, h, = 0.102 m (4 1in)
Depth of grid burial h = 0.5 m
Transformer impedance, (Z1 and Z0) ; (13 kV) = 0.034 +j1.014 Q
(Z = 9% at 15 MVA, 115/13kV)
Grid Conductor Copper-clad steel wire 30% -
Grid Shape Square grid -
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Frotafiszonse lufindennaslufosduidezdoniinmd lidedeu nando a1
ATLATUMIUS UWIZVDITUNIIA (Crushed Rock Resistivity) 3¢ @A 17 HAIN1INAIUN MUY
*ﬁugmmmmﬁﬂﬁ'aadwwaaﬁunsam?e ArduuaugAANs 03euYa nazurAIABs MsLL
aszua IidHanses s, gndmualfilunsdifiguusage (Worst Fault Type) Wag s
Pszamanuianses uazdumismsiian1isianses Taofidret13vesssuuanii Iwih
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] =

souiinnlniusedenssnoaauua iidurorit I wudaseiitinnnands 25 3
ﬁ’ufwoz"lﬁﬁi]%iYu‘lmﬁﬂ:ﬂhmﬁnmmﬂaaﬂﬁum’h"lﬂ°1u5:uwaaamﬁ"lwﬁwdauuﬁaﬁ
vennntuaunaldaoi I dosd et ane WE hifmesan wsnnod eldlunis
190 (Clear) AURANT O (Faults) ua:ﬁ"lnjﬁszunﬂ1sﬂﬂc§15ﬂiuﬁmﬂq (Automatic Reclosing
Scheme) Ta#U ATUsZUZNMIMAARMIAANT DY t, (Fault Duration) HOZILUZNAIUBIYANAT

gn W@ £, (Shock Duration) 3z mualvliAnviiu

¥ = d’ d' Qs e 1 t @ o \ a n'
43.1 azunsneasfumyud@masndnialiduninnilvihaeasfuuans

i . ¥
f1B019INSATUINBDNUULTIL AT 1INATUADUMIULNUQNNTBONIDUITUURBRIAUAS

s 4.2

oo L0\ e

g
o
~

d' K L) d' c; @ e et " e o a ' d’
1 4.2 azunsedonsdngamaoniniauas Liiudni idiunasreey

TUABUN 1 ‘lslvi‘)yﬁﬁ'lﬂll (Field Data)

=) <t Ay b4

b d [
wihezunsaneasduvesaoiii iidesszgnadumeluiui@mdouiiudivuianig

A3

<

63 m 0172 84 m (5292 m’) HAFIMSUMSEUMIBBNUVY TNNA IANUMTugUAmBouTa s

b d
=2 M a

YU 70 m X 70 m uaz ludunesni iiuufreidounuaziuns neniny Fanunoe

=

2 ag Yya a Y [ [ & g | A
YUIR 4900 m uazauuﬂ"lwﬂuummmmumummm’mﬂu 400 Q.m manﬂuﬂmusmgm
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Funoun 2 g vuauned 51 I (Conductor Size)
d‘:y 1 Y 4 =1
Tunsdiiies ludadinudumuvssaniil I uag Symmetrical ground fault current = I,
=31, 910

E
I, = (4.17)
3-R; +(R, +R, +R)+iX, +X, +X,)

S wsurauseau I 115 kv unuaumse1d

3(115,000/~/3)
3-0+(4.0+4.0+10.0)+ j(10.0 +10.0 + 4.0)

31, =

L 4
AMTUVUIAYDA 3],

|310|= 3,180 A u@ag X/R Ratio=3.33

dwiutauseau i 13 kv adufiuaushinanseeauyadyesta 115KV azgminnaiy

Toumniadmaus sdu i 13 kv essnndeutas IWideuy Deita-Wye A1duRiuauds
L4 .

frvuuanmiungnoislou

2
13
A5 (——) (4.0+j10.0)+0.034+j1.014 = 0.085+ j1.142
115

Z, = 0.034+ j1.014
3(13,000/~/3)
3-04(0.085 +0.08540.034)+ j(1.142 +1.142 +1.014)

3, =

AIUUYUIAYDA 3]

|310|= 6,814 A t1a¥ X/R Ratio = 16.2

711 6.814 A voatfaus i 13 kv szgminniddmsumvunavewmsdni W

MngasnIvIausanit v
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197.4

kemil (4.18)
cmil
TCAP Ko +Tm
In
Icafpr KO +T.|
197.4 - ,
Akcmn = 6.814 = 65.9 kemils H9933.4 mm~
3.85 245+ 700
In
0.05-0.00378-5.862 245+ 40

an + ° o o o o ar '
YuROUN 3 F11 e, AUNUFUIIAU IWTFhO U azinsius sy TWFha 29/ 12
(Touch Voltage & Step Voltage Criteria)
AMUNUIVBINUNIIALIOHIAY  hg =0.102 m (4 in)
-y =Y a a
ANUAIUNIUYBINUNIIA LSUAIAN P, = 2500 (d.m
¥ o =N
ANUATUNTUTUNIZUDIAY P =400 C2.m
. ¥ » »
N AR NIT FE N o NI 893 1NA IR NG UM ULANATS S HANFUT UNTIATUTUAURT AT

L d

ATUATUNMIUNTZ AN UTNS K AU 1Adad

x=FTPs @19
P+ Ps
400 — 2500

K = ———— =-072
400 + 2500

a =1 t o ar 1 n,/’ = &
sua A 2.1 namalfimund i K = -0.72 musauimawesnisannusauiuns1ad
v 4 a o 4 g a ; '
Wilutaqgild TssmAugaiiuduiuga ¢, Tnnlszanm 0.74 Failunisgainns i og1elsd
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2(0.102) +0.09

= -



01

M ¥ . b 4 L
avualitynnanegnoluiiuivesaniii IMddesiiminagisdesdssuin 70 ke Aaiy

3 ' P4 @ . ¢ @
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Elouch?O - ]000+1-5Csps (4.22)
V [S
0.157
E puchi0 = (1000+1.5(o.74)2500)? = 8322V
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FuneUN 4 N170ONUVLITEIAY (Initial Design)
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auualdnuniduaziuns swsasauniszozvisusaunaad 1 I e uiuduiing
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G Pl (4.24)

untie 13 kv tanssua i mans o 6814 A Falinrwnnditie 115 kv aelinn 3180 A
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I, = (1)-(0.6)-3-(3180) = 1908 A
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GPR = 1908:2.78 = 5304 V

o o3 a ¢ o a @ @ a { o P
Amsulssuifovarmnunaansau Idihdudanuyuinula (€_) s lden
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sz lsenuvulnumelviianuasanoniniu mivausuduasuhn 1 itNeas19deY

8
aulasanudnaie

er [ - i ° £ =3 P =t P=3 o o
1RG0 NHIN VAT UM A INdeie WatlSsumounaanwsnu 11sunsy EPRI TR-

' 9/ o 4 1 4 [
100622 Using i ldradnsvesdianudumuazunsuiu 2.67 Q uazinuaius wu v

Jusierainyponu1diiu 9843 v

432 AZUNSINOAAUNVYTIRALNTR S| e nitwihdea st
v »
s neIpg1eRA uIIsE u 1A T uaoun 10 ldaimisonszialdidioseinaivos

I3

s et &) dabishu Taomldudansdsudsuludiudszneuinssadsues

@

muﬂsmaaaﬂu‘lﬂmmsamummcnusmu"lvlﬁmuwﬁmuuwu"1 dod 'lﬂiU 290 fio

1. aam GPR  TATAIndndunmaiussu i dudaiuyudnnl] (E,,) n5omn

touch
. b

usauiazunsait ldnnnnissuasednidssiianisondnnmuaius sdu Tl
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Funoun 6 mmnszua Ivlfhazunsegage I, (Grid current)
I =Dy 5,737

1. = (1)-(0.6)-3-(3180) = 1908 A

JuUROUN 7 AILINHIAT GPR
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400-1908-0.77-2.272
E = = 7474V

1.5
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70" +70

- b d »
fienSoudiousr E, MU E,,, ludunoud 3 wudie E, IadeunnE,, (7474 V <

¥
838.2 V) dniuldasrvaounius wdu IWihsiein E, ae'ld
] o & < 1 & (R o e
s E, Suiluiezdeade L K, uaz K iWowwmu luaums E, uan K, §enslia
WY 2.272

N LNITN (4.17)

K, = N, +i(1—0.5"'2)
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INAUNITN (4.14)
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Lg =0.75-L, +0385-Ly
unuluaunish @.14) az'ld

p 'Ks.Ki.IG
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Yuneuit 10 1WSowioum E NV E,, ., (E, Versus E,, )
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U7 4.4 azunsemeasugUTvdouiuideoniuuiad i Inihuwafe (Ground Roa)
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U 38 UNI UABSLNYII 10 m
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L, = 1540+ (38-10) =2039m
2
A =63mX8m =5292m
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i 1 1
R, =400 =262Q

+ 1+
z 2039  ~/20-5292 20
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Fumeun 6 manszua I mzunsgeqa I, (Grid current)
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I, = (1):(0.6)-3-(3180) = 1908 A
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51 4.21 uveslysunsy MATLAB W1

45.1 ANNGBIMIVBLFIURBNTINBIRBUM SRARII5INSH
TﬂsLmsnmﬁaammm:nudamﬁu{iﬂuiﬂsLmsuﬁﬁmuuui:unﬂﬁﬁﬁms Window
9x N30 Window XP éaﬁnmuum?mﬂanﬁamaﬁ’ﬁﬁQmﬁnﬂ'ﬁadnﬁaUﬁaﬁy
- Pentium, Pentium Pro, Pentium II-IV, Intel Xeon, AMD Athlon %59 Athlon XP
- Microsoft Windows 98, Windows ME, Windows NT 4.0, Windows 2000 130 Windows XP
- 128 MB Ram minimum, 256 MB RAM recommended
- Hard disk 256 MB minimum

- 8 bit graphics adapter and display (for 256 simultaneous colors)
4.5.2 Yoavadlisunsu MATLAB
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4.5.5.1 m3venuul GUI (Designing the GUI)
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NSRS LANNISY
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455.2.1 mMsia Layout ag Code 7130819

MIANYIAUA DN Help w1 Help 923 79613 Layout 18z Code a1 M-file
TWanuwitesondmsldany éai):ﬁﬂﬁ'é’f"iﬂynfummsmmziﬂmﬂsn WAz Object HARTA
1891 Object U aTuTIU IR Code Tu M-file 1114061913 S 0illa Help uda 1
Search M11240 Creating Graphical User Interface mﬂifurﬁwmﬁﬁﬁa Laying Out the GUI
mmfuh’hmﬁ Layout and Code Example ‘ﬁﬁﬁldﬁlzﬁ Link Lﬁalﬂﬂ Layout ‘qu ﬁi)“é’ﬂ Layout
Editor with completed GUI Layout Hazd1@eean1sitla Code ‘ﬁag‘i‘lu M-File 1¥Aan Link ﬁ‘?ﬂ
MATLAB Editor with completed M-File
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gﬂﬁ 4.24 (IoAANN Link %0 Layout Editor with completed GUI Layout

2). C:\Matlab\help\techdoc\creating_guis\examples\simple_guim [Read Oniy]
Fle Ed* ¥mw Ted Debuy Breaiports Web Wndow Help

D s~ gianiag

g
L)
bx

Stas. lk’ ade p I

1 funcrion waracgout » sinple Fiulivazariin) -

2zl * SIMPLE GUI Applacetiom M-file for sisple cui.fiy

3 % STMPLE_GUI, by 108eif, crectes 8 uev STMPLE SO of rarses the sxistiog

4 singleton”™.

5 3

5, % H = SIMRLE SUI returns the hendis fo & new SINFLE_GUT or the handle t¢ {

7 ¥  the existing sincleteon”. l

£ % |

a9 * SIMPLE_GUI{ ‘CALLBACK' aNbject,eventdens handiss, ...} calls the lscal i

10! ) function named CALLBACK in SIMPLZ QUILK with the given injut ergumsnts, !

11 4 =

12 % SIMPLE GHX{"Rroperey’,'velue',..i) Sreates s ney SINPLZ_GUI o raiyses the

135 K on the lef PLOpEIty valug pais re

P4 - g _Gremingturgeion gans iled AL

15! ed property L walid velue ma¥es properiy spplicaiie

15 ALL input:s 2re passed %6 fiaple cui Jpenmiagfen vis Tarargin,

17 B

13 5 *iex Tellewr wnly one Lnsanie v (zangleton:

i

29 Ses slsc , GUIDATA, $1EARD

bl

22 v EdiT the above text to :odify the zesperse o help simpie T

23]

24 * i1fied by GUILE +2.S CS-Ap:-2000 1€:78:08

25

5 % Begin dratial Cron code - Le BUT EDLT

M= Sinaleton =

23 - ate = sTr

33

24§~ 1f naigan ¢ 3 varargin(l})

35 - gar_State.gui_fallback = srr2funcivatarginilii;

35 - end

37

g - 1 nargour

39 - varargoutii:narcout: = gui_mainfcnigui_State, varargini:ii): ;]
| ]

simate_gus Lnt Lol

317 4.25 139AAN Link 7%0 MATLAB Editor with completed M-File
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4.5.5.2.2 msitda GUI 4 Layout Editor
. a do ¢ < P [V - Y aa < o
A GUIDE Taomstiinifiin guide 1 MATLAB prompt 91331111 4.26 msitnlndulad
) [~ aa ad & A a o ' . “ <
Layout Editor 9¢1Ju35mM31I132 uagazaInuiIn Sulowumuaznai]y Enter # Keyboard Nag

Usingasgii 4.27

=lolx)
File Edt View Web Window Help
Dl %2 ‘Cu"er‘l DICC(O!\"IIE‘M&(I&D!W@& -._l J
& H Using Teolbax Fath € Type “help tocll )]
Hame ISi:e I E:ytesl::lss: I To get started, select “MATLAS ..:lp” from o
SN ade
< Viorhspace [ C'unem{:»uecmnfj
5-- 3725704 11:3C AM --+
gquids
%-- 4/05/04 12:0Z PH --%
guide
Al J 2l

4 Start ]

317 4.26 m31a3u a7 Layout Editor Ia0m s Aiuw guide 1 MATLAB prompt #1111

Command Window
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€} GUILwith Axes and Menu

r Preview

<\ Modal Duestion Dialog

BLANK

I~ Save on startup as [“ ali >

srkignditieg g

| o ! Cancel Help

51/ 4.27 3u1a7 GUIDE Quick Start

a

iinulad GUIDE Quick Start gniladiulvadre Gul lualmilaonisidion Blank GUI

(Default) 310 Tab N%® Create New GUI ué’aﬂﬁﬂﬂu OK

v b4 .
45523 MsfwuavesnunIulad

A b dy c]sl a o _ A Ay 4 ' :
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. ¥ My .
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File Edit %ew Layout Tools Help
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tigure (Untitled)
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317 4.29 Fu1a7 Property Inspector INBMIAIAYD Figure §11151 GUI
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|
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31N 4.31 1@AITTN1399 Object

4.5.5.3 mamilisunsu GUI (Programming the GUI)
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4.5.5.4 M3 Save 12zM35 Run 1150053 (Saving and Running the GUI)
[ ) 7 o =
MonaIMsvouiandy Callback AMAII30N92 RUN GUI 90390920n151000 RUN 910
Tool Menu 39Aan1Ju RUN U4 GUIDE ToolBar a1amta 1 SAVE IWanviineunazna

¥ »
RUN Aoiazwudon1ma st mugii 4.32

) Activating will save changes to your figure and M-file
i Do you wish to continue?

I™ Uonot show this dialog again

31 4.32 Fuladmenld save lildarga

Y 7w dy Y = u‘: ©
ovemamsnaetl inan Yes vintulasunsuaziing Save

v
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& File DWorkisimple_gui.m
is notin current directory or MATLAB path
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{ !
| & Change MATLAB current directory i
l i
O Add directary to the top of the MATLAB path ‘

i

" Add directory to the bottom of the MATLAB path

“ OK II Cancel |
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AaN OK Lz nst)aou Directory Tag1iu1v 91011 GUIDE vziia 31nwiiad s Layout

Y Y ay o a'
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Material Constants

31 4.40 Uszinnveaianluiloudwiusyves Material Constant Study

Category of grids

Material Constarits

| Material Constarts
o Copper, annealed soft-drawn
£24 Copper, commercial hard-drawn

- Copper-clad steel wire 40%

pper-clad steel wire 30%

B Copperclad steel rod

Aluminum, EC Grade

oo Aluminurn, 5005 alloy
3B Aluminum, 6201 alloy

Auminum-clad steel wire
Steel, 1020

) Stainless<lad steel rod
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GRID HELP

This1s examples for input your gnd parameters on program
which is described below

Farameters Introduction

Lx

Ly
nCondx
nCondy
nCondxs

nCondys
nCondxi

Lxs
Lys
Lxi
Lyi

™
o

Lir
nRod

- Length of grid area in x axis
> Length of gnd area in y axis
- anumber of ground conductors irn x axis

a number of ground conductors iIny a<is

- @ number of ground conductors in x axis but

they have to be short conductors

- a number of ground conductors Iny axis but

they have to be short conductors

a number of ground conductorsin x axis but
they have to be long conductors

“Length of gid area in short x axis side
Lengthrof grid area in shorty axis side

- Length of grid area in long x axis side

“Length of gid area in fongy axis side

- Spacing betwe en parallel conduciors

~eengtn of ground rod

. anumber of ground rods

Bellow examples are introduced acconding to Annex B of Std IEEE
80-2000 (Revision of Std | EEE 60-1986)

~-—— 70m —p

Square grid without Ground Rods

70m

L, =70m
’ =70m
O =7m

Neondx = 11 conductors

n&mdv =11 conductars

Next >

_ 1o x|
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0m

105+

105m

|

~-4—— §4m

35m
-

T Y

Tl

28m

<< PREVIOUS l

4

Ivm

<

Square gnid with Ground Rods

L
o

n Condx

M condy

Nepg

=70m

=70m

=7m

=11 conductars
11 conductors
- 75

= 20 ground rods

Rectangular grnid with Ground Rods

L

Ls‘

O

nCondx
n Condy

Nepg

=8dm

=63 m

=71

=13 conductors
= 10 conductors
=10m

= 31 cround rods

Rectangular grid with Ground Rods

L!‘S
D

n andes
n Condys
Mcondx

n Condyt

nF\hd

4
33 m

i

70m

;

=3m L;=70m
=35m £ 102 m
Cagd M)

= 10conductors

= 5 conductors

= 6 conductors

= 6 conductors

= Nom

= 24 ground rods

T-Shaped grid without Ground Rods

- =63m L, =93 m
b‘ =35mly=105m
=7m

Neonaxs = 10 cOnductors
Neonae = 3 CONCUCtors
Mepndd = 6 conductors

Nennay: = B CONduCtors
= 0m
MNag = 0 ground rods

CLOSE

a a o a Y 0 & ' £
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Parameter Results Displays
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«} Grounding System Design for Substation
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Volts Volts Yy Yelts

Touch | L R.r_—_o;,,
"N A AL aN A

Message Display

= a s ¢ o & ' a
31N 4.43 JuladnaawsveslsunsvesnuuussyuaeaIAY

Tunsainesnuuulu Ivue eenuuysTyUABaIAU IHIMUIZ W (Optimal Design Method)
u,: =1 ' g ' a < S ' a s o’dy a a
1wy faglamsasteaeumaisniniuladn 4.36 auna 4.39 ualuduladil wwAsandani Tool
& = P > 5 s [ - a o s 4
Bar 101800 Tool ¥® Optimized Design #3311 4.44 1az3z151n) 31103 Optimal Grounding

System Design ﬁﬂgﬂ‘ﬁ 4.45



-} Grounding System Design for Substation

File Edit Help ITooI
Optimized Design

el Clmcnn

3N 4.44 madenInuanisesnuuyszpudeasauliinangau (Optimal Design Method)

AP 0% ) = 7 J 4
Wenanen IMuan Tool Bar umnzwmuimmngﬂ'n 4.45 Qﬂﬁ]ﬂ‘uu



122

File  Edit Help

Coefficients of Fiting Formula
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b4
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MAHLINYDINIATTIU [1] DAY

Fault duration. t, = 0.5 sec.

Positive sequence equivalent system impedance, Z, = 4.00+;10.0 Q
(115kV side)

Zero sequence equivalent system impedance, Z,, = 10.0 +j40.0 Q
(115 kV side)

Current division factor, S, = 0.6

Line-to-line Voltage at worst-fault location = 113,000 \Y

Soil resistivity, O = 400 Qm

Crushed rock resistivity (wet), P = 2500 Qm

Thickness of crushed rock surfacing, h,_ = 0.102 m (4 1in)

Depth of grid burial h = 0.8 m

Transtormer impedance, (Z1 and Z0) ; (13 kV) =0.034 +1.014 Q

(Z=9% at 15 MVA, 115/13kV)
Grid Conductor Copper-clad steel wire 30%

Grid Shape Square grid

v a
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dunnaugTIa LT 13 kV 3218 2, = 0.034+j1.014 Q. 7, = 2, = 0.085+j1.142 Q [1]
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Grounding System Design Report
IEEE Std. 80-2000

Project Name - Square Shaped G‘rid Design
Soil Resistivity - 400
Surface Resistivity - 2500
Symmetrical Fault Current

in Substation for Conductor Sizing 6.814
Conductor Calculated Sizing - 58.475 kemil

:29.6226 mm?

Optimal Design Method
Number of Ground Rod 12 m
Length of Ground Rod 7.5 m
Total Length of Ground Rod 90 m
Total Length of Grid Conductor ©1400 m
Total Length of Ground Conductor 1490 m
Maximum Grid Current :1907.8544 A
Conductor Price : 892722

Rg GPR Touch Potential Step Potential

Ohms Volts Calculated Tolerable Calculated Tolerable
Volts Volts Volts Volts
2.7844 5312.2483 = 837.574 840.5479 571.9987 2696.0971

a - a o
3Un 5.12 swnumsesnnudiegnwunesaw TS unsy
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6.1 namsnaassanserrilsunsuildwanniy
demnsnfisufisusamssenuuuszuudeasduszneIEmsesnuuuuuuialy
(Conventional Design Method) waziamssenuvy laoidurisdnir i dmnseu
(Optimal Design Method) Wuiifeanuuuszunaaasdiuuuuma g lulduradnia Wi
flywraidusugudnans 0.01 was wiaRufininda 20.623 mefiadiuns (58.475
kemil) £1ININNR 1,690 LAIAT Tupnfinsssnuuulagiinisesnuuuisuudaniiiv
Fmanzawin wui'ﬂ'ﬁ'uvioé'dﬁﬂﬂﬂﬁﬁﬁmmﬂtﬁumuguﬁnmq 0.01 LuAT W3d
Aufinttnda 29.623 anvefindLuas (58.475 kemil) EVININUALNED 1,490 LaaT B4
anadwif leuBsudisudunui S3misenuuussuydessfiufinanzauanann
anvSanvauridatirinihaslutedesas 11.83

dieRvsandlonmsnliomsunadniveusiu I nzunsa (Mesh Voltage, E,)
useanu 1923817 (Step Voltage, ) voeRaaeds Saudumusadu indhinaay 8umnn
ﬁqﬂuumuﬂﬂdamﬁuLﬁaﬁmsmﬂﬁ'ﬂi:uﬂ'lﬂﬁﬁﬁﬁwimﬁ"mﬁﬂ%uﬁ (Inject) A 1M
ATINANVBIAZUNTY  WUFIT oenuuBuUU29 11 (Conventional — Method) 1871
usemu TWRazunse (Mesh Voltage, E,) Haunifu 730.023 Taast taznseau T
#12 (Step Voltage, E) fifniifiu 549.069 Taan Tuvaizisseenuuy Tasldursdni
I#fimanz e (Optimal Design Method) 1ausesnu IWfinziinse (Mesh Voltage, E,) #
AUy 837.574 1o uazusadu 1192317 (Step  Voltage, E ) lisiuvinfiu 571.999

Taart

nmsnasesnuuy Iaslduveani lfhfimuiean (Optimal Design Method) Tfi1we3
usesu Iifhazinse Mesh Voltage, E,) gandnasosnuuulagnaly msiziissesrin
' s @ o A ' ad o Q2 o q W - P
seuaunadni ihdisnnaniiteenuny lasia It Insesussazunselivuan

'3 o Y ar 4 ] 4 J
Tngau S Iidng IMfhAanassulinruuandaiimniudae

TUAIUYDIAIAUAIUNIUYBIASUNIIADAIAU (Grid  Resistance, Rg)wn'a'uﬁ'a
ponuuuszuvaoaanlaeds i Iwihimangay (Optimal Design Method) 9218

IANUAUNIUVBINSUNITIABAIAY (Grid Resistance, R ) 11U 2.7844 Toviu gandim
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| ) 3 ot Q.l l& =
ANUAUMUIBIRUNTIRBRIAMLBRBNIYL 1A83519 11 (Conventional Method) &4l
' 1 o L4 A A ] t “a’ 3 dy 1Y
AN 2.7526 Teru dadisuand19ey 0.0318 Tovu efidumsizmsosnuuudie
35 MunsdnirIfhmangay (Optimal Design Method) itfumsaauvadnir Indn 144
G.I ] 3 4" [} = P}
AZUNTIDNTUIBY UANIHAINATFIUYEINTS IThduglinin nTems IWduasnads

1 4
o T ] - ta o
[17] viuszwau Imanudumuvesazunseneasduiia v s Teviu

dioRvandsmnszua Iihfinzunssdoasdu (Grid Current, 1) wuh hifiawande
ar d'l T - q oA A 9 & ar ::;
fMuiisaninmssenuuuazunsneadu ludnanferdesdusunssua i finzuns e
uanszue Iiiindaneseznusetouiiuna lasasansndumisvesmsiiannuiia
wsosndumisiifialiuseau ihiganse i nanfedSinmnssud Ifhdadessualsdu

Tasaseduvtnavsasaau Wi

e TsunsumseennuufignadreuuasWannuy MATLAB 1iuni§lunis
pENULVSTULABRAY Wi uiipeenuuy Tau3En1seoauuLIsIUABRRUAIMANZ AN
(Optimal Grounding System Design) 1Usunsugnsosenuuuszuuaeasauisuleldlu
audasanonuNIasgIu IEEE Std.80-2000 [1] uasdemunsaantSuadani v
Taosawas 18 andagiszasd MW ldszuudeasauiilsendatamih infhdmsvssuy
doasan Uszndaulssmamsdondiuasnisesauuy Bava Tsunsudsavanim
nseenuuy uazldamiie mldszuudeasiuildamsoiuls 18 lunnudasasude

yanafiog luufiaoiil Wi amwinsg i IEEE $td.80-2000 [1]

Tudumswannsenwias lsunsuiise W lueuna szfumswannliseryiads
arnnsolumsesnuuuszuLdeatiy WannsaRnsandusudaudaos s (Double
Layer Soil Model) FulloudeduAuini Tnseadu@unatodu (Mult Layer Soil Model)
TaoutiduRumusnd Y (Soil Resistivity, p) Sz iimsinszmiuiany

J’ 1 1 a i a da .’,'
qnﬁ’fmmmmﬂ'nmsaammuszunmamulﬁmmswnﬂmﬁuwmﬁm (Uniform Soil)
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