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Abstract
Title : Comparing the Resistance of Ground Wires in Electrical systems
By : Mr. Komon Makaew
Degree : Master of Engineering
Major Field : Engineering Management

-2

RGO Basisvessimans Y"D‘/“% ......

(Assoc. Prof. Dr. Yuthachai Bunterngchit)

The purposes of this research were to evaluate and analyze the differences in electrical
conductivity in soil that affects the resistance of the grounding system. The research was carried out by
using samples of conductor sizes in the soil, including numbers 50, 70 and 95. Three locations of the same
size were selected for the experiments to get various parameters. The parameters were used as an element
in determining the resistance of the grounding system in each location. Each location had three
experiments using the different conductors. The averages of the resistance from the experiment in the
three locations were found to be 9.34, 9.32 and 9.31 Ohms for the conductor numbers 50, 70 and 95,
respectively. After using ANOVA, it was learned that the resistance of the three conductors were not
different. Therefore, it was concluded from this experiment that the difference in the three conductors did
not affect the ground resistance significantly. So, we can choose to use the conductor in the lowest size of
the number 50, which was the minimum size that can be accepted. The price of the number 50 conductors
was 229 Baht per meter. When compared to 450 Baht per meter for the conductor number 95, the first one

was 221 Baht cheaper. So, the total reduction could be 49%.

Keyword: grounding system, conductor, ANOVA, cost reduced
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3.5 gASMSAIUIN
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Schwarz's Equation (IEEE 80-2013) (OPEN ELECTRICAL, 2017)

3.5.1 Ground Resistance of Ground Rod (R

rod)

~ ° 1 Y 1 P Yo o
qmﬂ%"lumimu’smwWmﬂ’Jmmu‘ﬂmmmtmﬂﬂinﬂ%ﬂumiﬂﬂaﬂwmmﬂ‘m

Y s A o Y
1&%“%\3ﬂ513ﬂ NAVYII 3 LUAT ITUIU 6 LU

0 ICA 1Oy R >
Ra = In| —1+ A —1
! dml, d J4 ( ) S

3.5.2 Ground Resistance of Grid Only (Rg)

d‘ o 1 9 J Aa &' d'd' Y
gasnlFlumsduammanudunuvesnsansanuinliluninaaes Tag

Aa o dy 9/:&’ A
QTH?ﬂﬂuqm%Wuﬂﬂlu1ﬂ 18 M3 1UNANT

— k, (3-2)

3.5.3 Mutual ground (R,)

Aq Y o ' Y ' ' 4 dy AAq Y
’c;rm‘wPﬂ,umimmmmmmmmumuizmmmqmnﬂ uazwu‘nﬂﬂumi

NAADI INUNANUIIAY

R o= || 2| e gy
L, L ) Ja 3.3)

3.5.4 Total Ground Resistance (R,)
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gasn gl umsmuammANuAIUMUIINTZNINGATAIE YOIAIANWATUNIY

Y v L g ' v
VYNAU Gluqmu%!,ﬂum’u‘ﬁgﬂmmmmmumummizuu

R = RgRRod _R;
, =
R, + Ry, —2R

3.4)

m

v a d v ¥ o
3.5.5 MINdimesagg Mllumsmuin

P = Soil resistivity (Q-m)

LT = Total length of grid's wire (m)

A = Area (m3)

h = Grid burial depth (m)

k1 = Coefficients of Schwarz's formula
k2 = Coefficients of Schwarz's formula
x = Length to Width Ratio

dg = Diameter of grid's conductor (m)
n = Number of rod (ea)

Lr = Length of each rod (m)

d = Diameter of each rod (m)
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3.6 NSATUIN
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3.6.1.1 Ground Resistance of Ground Rod (R_ )
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100 4(3) 2(1.37)(3) 2
000 = 2B 18)6)(3) <ln(o.o142) S 7l T )>

Dﬂjr == 8.67 gyugg

3.6.1.2 Ground Resistance of Grid Only (Rg)

= o ' v % A AAq v
Q’ﬂiﬂGlclsﬂuﬂ15ﬂ1u3mﬁ1ﬂ1ﬂ’31uﬂ1u1/l'lu‘ll’fNﬂ'iTJﬂﬂ ﬂwuww“lsv“lumﬁmam Iﬂﬂ

Aa o dy Slnil d‘
QWH?%&H&&%WH%%HW@ 18 M3 1UUAT

_2 |l 2 | L,

Rg_ﬁLT In " oy k,
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3.6.1.3 Mutual ground (R,)

aq Y ° ' 9 ' ' s A ddqw
’c;fﬁi‘lflGlﬁlfﬁluﬂﬁmu’li}mmm?mmuﬂ1u3$1fi’JNLL°VNﬂi1?Jﬂ Lla$wuﬂﬂ1%1umﬁ
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R =P |y M| Rk gy
7L, L v4

¥

_ 100 221, , (130D
0= G (ln( 5 T s 5.65 + 1)

Oy =7.23 0000

3.6.1.4 Total Ground Resistance (R,)

g3 1Flums MuIamAINNATUNIUITINTE HINGATAIN VOIAIANUAIUNIY

£
< '
Pagn lugastazilumsagimaanudumuvesszuy

_ RgRRc)d T Rn21
R, + R,y — 2R

T
n

_ (11.57)(8.67) — 7.23?
-7 (11.57) + (8.67) — 2(7.23)

0, =8.320000



29

v a Jd v H )
3.6.1.5 Mwsdimesmagillumsmiuia

P = Soil resistivity (,.Q—m) = 100 ('.Q—m)
LT = Total length of grid's wire (m) =21 m.
A = Area (m3) =18 m.
h = Grid burial depth (m) =0.5m.

k1 = Coefficients of Schwarz's formula =1.37

k2 = Coefficients of Schwarz's formula = 5.65

dg = Diameter of grid's conductor (m) = 0.008 m. (wire size 50 mm.)
n = Number of rod (ea) =6

Lr = Length of each rod (m) =3m.

d = Diameter of each rod (m) =0.0142 m.

y ¥ o o 1 a Jd 1
Lﬁ@;j'ﬂﬂm"lﬁ’mmmﬂaamazLmumwwsmmas@mqaﬂuqmmmmﬁgﬂmmﬁ

MUIUVOITBYUIA 50 ALEATUAIT19N 3.2

SIZE (mm’) 50
s 8.67
R, 11.57
R, 7.23
R, 8.32

{ 1 =) 4 ' 3
Gl’l'i’]\i‘ﬁ 3.2 L!ﬁﬂQﬂ'lW'lﬁ'quﬁ@iﬂ'J'lll{gﬁu‘ﬂ']u@'Nc]ﬂl@ﬁﬂ’]iﬂ’lu?mﬂl@ﬂﬁ’]ﬂ“ﬂu’]@ 50
o d
3.6.2 fn5f’nu'Jmﬂ'J131é]ﬁu‘vnui?ﬂ»l"“@\‘lmu]ﬂu.'i’)ﬁﬁ“] 70

3.6.2.1 Ground Resistance of Ground Rod (R, )
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st

2ml, d J4

100 4(3) 2(1.37)(3)
S TG 0)(3) <ln(0.0142) it e )>

LD][ = 8.67 oy

3.6.2.2 Ground Resistance of Grid Only (R)
Aq v o ! v s a A Adq v
gasnlylumsmuammanuiumuveansansanunnlslumsnaaes lag

Aa o dy Sldy d‘
et ldlenunuuna 18 a1313uas

g =L /AP i
&zl dghy| (&

100 ( 2(21) +(1-37)(21)_565)
2(3.14)(21) n(\/(0.0095)(0.5) V18 '

[ﬂ:

Oy = 11.44 0000

3.6.2.3 Mutual ground (R,)
~Aq Y o ' Y 1 1 J g AAq Y
gasnlalunmsmMuIamaInNUAIUMNIZHINLNING199 taziunnlalunis

NAA0I INUNANUI AU

p | (20, KL,
R, =—|1 —k, +
m j'[LT |: n{ Lr J \/E

—=—(In (2(21)) + (1'331)_;21) —5.65+1)

Up =

(3. 14)(21)

Op = 7.23 0000
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3.6.2.4 Total Ground Resistance (R,)
gasnlFlumsmuammaNuAUMUIINTZNINGATAIE YOIAIANWATUNIY

Y v L g ' v
VYNAU Gluqmuilzl,ﬂum’u‘ﬁgﬂmmmmmumummizuu

_ RgRRc)d - anf
R, + Ry, —2R

T
i

_ (11.44)(8.67) — 7.23?
-7 (11.44) 4 (8.67) — 2(7.23)

Oy =8.30 0000

d 4 °
3.6.2.5 MWsdimesmagillumsmuia

P = Soil resistivity (,.Q-m) = 100 (’.Q.-m)
LT = Total length of grid's wire (m) =21 m.

A = Area (m3) =18 m.

h = Grid burial depth (m) =0.5m.

k1 = Coefficients of Schwarz's formula =1.37

k2 = Coefficients of Schwarz's formula = 5.65

dg = Diameter of grid's conductor (m) =0.0095 m. (wire size 70 mm.)
n = Number of rod (ea) =6
Lr = Length of each rod (m) =3m.

d = Diameter of each rod (m) =0.0142 m.
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AMUIUVITWIUIA 70 aataasluaisiei 3.3
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3.6.3.1 Ground Resistance of Ground Rod (R, )
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3.6.3.2 Ground Resistance of Grid Only (Rg)
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- 100 (l ( 2(21) )+ (1.37)(21) _c 65>
ST 2@E1ED\ T J0.01)05) Vs |

0, =1133 0000

3.6.3.3 Mutual ground (R,)
Aq Y ° ' Y 1 1 4 dy AAq
QGITVIGLGBGL‘Hﬂ?iﬂ?ﬂlﬂ!ﬁ?ﬂ?ﬂﬁﬂJﬁWHﬂ”Iuigﬁ’JNLWNﬂi"l’Jﬂ LLZ’I&’WUVW]GlGD'ﬂl,Uﬂ”Ii

NAADI INUNANUIIAY

P 2Ly |, KLy
R, = In + -k, +1
nI jTLT|: (L’ J ‘/Z 2

1 221y | (137G
B = G (0 (i~ e )

Oy = 7.23 0000

3.6.3.4 Total Ground Resistance (R,)
g3 1FlumsMuIamAINNATUNIUITINTZNINGATANE YOIAIANUAIUNIY

Yy 9 A ' v
VNAU Gl,uqmmznJumsﬁgﬂmmmmmumummswu

RgRRc)d ~ anf
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R

,{,:
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v a Jd v H )
3.6.3.5 Mwsdimesmagillumsmuia

P = Soil resistivity ({2-m) = 100 (Q2-m)
LT = Total length of grid's wire (m) =21 m.
A = Area (m3) =18 m.
h = Grid burial depth (m) =0.5m.

k1 = Coefficients of Schwarz's formula =1.37

k2 = Coefficients of Schwarz's formula =5.65

dg = Diameter of grid's conductor (m) =0.011 m. (wire size 95 mm.)
n = Number of rod (ea) =6

Lr = Length of each rod (m) =3 m.

d = Diameter of each rod (m) =0.0142 m.
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SIZE (mm’) 95
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R 11.33
g
R_ 7.23
R, 8.28

M13199 3.4 HAAIAIINIITINBS ANUMUMIUAUBINTAUINVDINBVUIA 95
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Source of SS df MS F F(Crit)
variation
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NMANUIN

TIEC02 THW (f) :450/750 70°C Flexible conductor PVC insulated, Single core TIS 11 Part 3-2553

mgsdnHouy HANAITHAIBNIIM ANBNASEIN NON. 11 3--2553

MIANAT THW(D)

NSUATION

- v TR VR L B
. lﬂ‘nlﬁlﬂlﬂ‘uilu unzﬁaulaanumwwmmumu

Flexible 300/500 70°C IEC 06 IV Cable 0.5-1 Sqmm.

Flexible 450/750 70°C 60227 IEC 02 THW (f) Cable 1.5-2.5 Sqmm.
600V-KYV Flexible 450/750 70°C 60227 IEC 02 THW (f) Cable 4-35 Sqmm.
Cross Section

Number of Core T'haiya, Phelpsdodge,

iife Fuhrer

SNy Hudinthea MCI-draaka,BCC.CTW
(N5.33.) Price (THB/Meter) 51911 “”ﬂﬂ'i]”lﬂﬁ’
1C 300V 0.5 490 3.18
0.75 6.00 3.94
1 7.30 4.76
15 9.50 6.20
25 14.40 9.40
21.58 17.30
1 C 600V 6 37.30 27.00
10 59.76 43.60
16 85.69 67.50
25 129.91 99.70
35 - 149.00
50 : 210.00

THW-A : 750V 70°C PVC insulated Aluminum Conductor Single Core
BARE COPPER :Hard Drawn Copper Stranded Conductor.

Cross Section THW-A

A o oo
WHTHU AT 03L)

Price (THB/Meter)

M3IAAAI Bare Copper
« Giuanslumine

« aiulaoass

Bare Copper

Price (THB/ Meter

THAIYAZAKI BCC FUHRER 30,00

10 [3:5 9.08 9,08 49.30

16 18 1232 12.32 76.50
25 25 18.17 r 18.17 120.00
Ex] 33 2348 23.48 170.50
30 44 3164 31.64 229.20
70 66 49,66 49.66 327.70
95 B6 6488 H4.8R 451.50
120 112 79.33 79.33 572.00
150 135 96,46 96.46 700.00
185 199 120.06 120.06 879.00
240 268 157.03 157.03 1,153.00
300 330 192.08 192.08 1.445.00
400 = - - 1,850.00
500 5 = 2.395.00

(Klangfaifa, 2016)
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TaaEanadadtldan (:180/1ms)
fanaswadtldas 16 sgmm. 76.50
suvasnaatldas 25 sgmm. 120.00
auvasuadllddag 35 sgmm. 170.50
Funavaatl{an 50 sgmm. 229.20
fAevasuadtl&dan 70 sgmm. 327.70
aunasuadtldas 95 sgmm. 451.50
sanasuadlldas 120 sqgmm. 572.00
aevasnndtildas 150 sgmm. 700.00
aavasuadtl&an 185 sqgmm. 879.00
sunaanaatldan 240 sgmm. 1,153.00
fuvaswadtddas 300 sgmm. 1,445.00
Funaanaatildas 400 sgmm. 1,850.00
sanasnadtddas 500 sqgmm. 2,395.00

(Klangfaifa, 2016)
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