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Prgject Title : Grounding System
Name . Miss Kanokom Ngernlaw ID. 40361701
Mr.Nutapol Keratipiboon  ID. 40362329

Project Advisor : Assoc. Prof. Vorrasak Nirukkanaporn
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Field of Study : Electrical Engineering
Department : Electrical and Computer Engineering
Academic Year : 2000

Abstract

Grounding System is very importance in electrical system, One importance factor of
grounding system is grounding resistance. Most general electrical system must be connected with
the grounding system, because it is safe for persons who work beside equipment or make system
stable. The method which have efficiency and confident in this project is fall of vollage. The tool
for test grounding resistance is called “ Surge Impedance Tester . In this project we test .
grounding resistance amount 5 point at the any area of Naresuan University. We can use the value
of grounding resistance in this project for construction any building in the university because it

can be used for the base detail,
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HULLUYeINISIAATH NS cffective coliection arca YDA TATIHT19

AU uresmTAafhi ( lighting flash density ) , Ng , Aoduauvesfiwi
ae wrni Tawas deil Beezumaslugifl 4.1 azesef 4.1 daueh effective collection area
(A)) wealnzandin e fuiimuiwesTanadeiuivewludasfisms Tagdamen
ﬂ'ﬂuq\i‘llﬂﬂﬂ‘ﬂﬂgﬁifu Hauowaved effective collection arca m‘fuag’ﬁ’umammmaﬂﬂw
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Ac=LW+2LH+2WH+ T’

1o L — Length
W - Width
H - Hight
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mzaziuaanntiu il édRsnaihdasuueinsdaetl @) szdmaaldan

P = Acx_NgxlO45
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13NN 4.1 AANTUSTEH91 thunderstorm days per year Lz

lighting flashes per km” per year

Li

Thunderstorm Flashes per km’ per year
Day per year
Mean Limits
5 0.2 0.1 t0 0.5
10 0.5 015001 |
20 L1 0.2 to3
30 1.9 0.6 to5
40 2.8 08 08
50 3.7 1.2 to 10
60 4.7 1.8 to12
80 6.9 3 tol7
100 9.2 4 020
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2. nsdsziuanudsananue

dresmnuainanniy 1 dvesd waunisifiatei @) 18 doundfias « weight

¥ ¥
10-5 ¢inll Sudlufidesilnisfndsszuudlesiu

L
3. @aalsimiln (Weighting Factor)

o " :a ar & 1 ot ] 3 ¥
Tumsef 4.2 - 4.6 vzuapndanlaimin Faunleeailuiadens 9 duud

J L5 L -2 r=) ci = 3
A-E TﬁU‘i]S‘UuﬂQﬂﬂisﬂ‘uﬂ’J'lllﬁ'lﬂiyﬂiﬂﬂ?'m!ﬁﬂﬁuﬂi‘ill‘li‘u“]

‘i s 3‘ ar a
a11ei 4. 2 dandsdmdn A (lddwmsuTaseathe)

1] ar :’ o’ é ] A = 4 1
factor * (A anlsinnin) Feez'ldenarseh 4.2 - 4.6 udniunfissananudes d1gand

Use to which structure is put Value of factor A
Houses and other buildings of comparable size 0.3
Houses and other buildings of comparable size

with outside aerial 0.7
Factories workshops and laboratorics 1.0
Office blocks ,hotels ,blocks of flats and other residential

buildings other than those included

Below 1.2
Places of assembly ,e.g. churches halls , theatres ,;museums

,exhibitions ,departnicnt stores ,post offices ,stations ,airports

,and stadium structures 1.3
Schools ,hospitals ,children’s and other Homes 1.7




] ¥
M5 4.3 dnnlsimiin B (viiavedgingg)

Type of construction

Value of factor B

Steel framed encased with any roof other than metal
Reinforced concrete with any roof other than metal
Stecl framed encased or reinforced concrete with

metal roof

Brick ,plain concrete or masonry with any roof other
than metal or thatch

Timber framed or clad with anty roof other than metal or
thatch

Brick ,plain concrete ,masonry ,timber framed but with
metal roofing

Any building with a thatched roof

0.2
0.4

0.8

1.0

1.4

1.7
2.0

earthing arrangements

“A structure of exposed metal which is continuous down to ground level

is excluded from the (able as it requires no lighting protection beyond adequate
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¥ L4
M3199 4.4 Fulnimnin ¢ Eansznudeninsalmolu)

Contents or consequential effects Value of factor C
Ordinary domestic or office buildings ,factories and
workshops not containing valuable or specially susceptible
contents 03
Industrial and agricultural buildings with specially
susceptible‘ contents 0.8
Power stations ,gas installations ,lelephone exchanges,
ra(iio stations 1.0
Key industrial plants ,ancient monuments and historic
buildings ;museum ,art galleries or other buildings with
specially valuable contents 1.3
Schools ,hospitals ,children’s and other homes places of

| 1.7

asserbly

"This means specially valuable plant or materials vulierable to fire or the results of

fire

A a : ar o s
#1344 4.5 dausimin D (Tzﬂlﬁlﬂ\iﬂ'ﬁﬂﬂﬂﬂu)

Degree of isolation Value of factor D
1 Siructure located in a large area of structures or trees of the

same or greater height ,e.g. in a large town or forest 0.4

Structure located in and area with few other structures or trees

of similar height 1.0

Structure completely isolated or exceeding at least twice the

height of surrounding structures or trees 2.0
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¥ ¥
@15 17 4.6 Al srimdn B (vilavesgiitlszme)

Type of country Value of factor E
Flat country at any level 03
Hill country : 1.0
Mountain country between 300 m and 900 m 1.3
Mountain country above 900 m 1.7

4. msulamanmnevssdamlanandesiane
o lravosdunlsnnudosiinun udninnfinrandiialddnd 10° a
Fovandr hisuiudesiiszuuflosiu uaihdi 1dgendt 107 dduiuesderdimsaaderzuy
floafuen 1y
5. MvdumINIITan
Trangnaluaennnaved Norfolk 1A911g9 10 m uﬁsﬂ‘:auﬂquﬁyuﬁ 70x12 m
Trewonnaiinidaly fa counfry 1ag 1eneen ( isolate ) 9INBIATTHU 9 Tnssadrailudg
iag Aeunsa ¥ lifudandivianTany
SuapumsfinTan
1. miA1Ng Tagldq0# 4.1 021A1Ng = 0.7 flashes / ki’ e
2. WA Ag 9I0GAT
Ag =LW+2LH+2WH +TH’

={70x12)+2( 70x10) +2( 12x10 ) + ( TTx100 )

= 2794 m’
3. Wi Pangay
P = AcxNgx 10°
= 2794x0.7x10°
= 2.0x10°

¥ [
4. famdandsimin ondeyadi 14 ez 14
factor A = 1.7

factor B 1.0
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factorC = 1.7
factorD = 2.0
factorE = 0.3

L ¥
s s I nMerua = AxBxCxDxE =1.7
5. nummuﬂsﬂﬂmﬁmmwuﬂ 2.0x1.7% 10° = 3.4x10°

Mg w1091 10° fohudesuiudesfiszundasiu

U 1 o o
ssuutleanudhidmiveins
. o

gnsal lusznudleaiufhrssilssnoudae 3 daulug) q Aail

1) winae Gir terminal) dwsvszvudifionlFiuann exfumunaumednumy
A 1 74 { s _ 3 1
e miiundnfinasiulsze Wil ( moth ) Tashadsejuuqavesoins viensey

r A el o) £ ar ar n‘;

e ItiiSaiinsfloanunsoungudlnimafienua

2)  medninedn ( down conductor ) Undldaranssnasifiviialngifioinenn

> ¥
mzszy ihasiuidedunady Tasdemedninsduildivndndedhannnasgn
ar o - J J =y 4 ar - T | ar
anadniasauilvzadluissie s ussundestud v Tannmzuadmive s
i -4
Tagia il Tamnmzdlszmalng fineeldme limeasasd feaumumsizndedriuazaim
: 1 1 sy 3 A ol 1 1

gn vuadanas 19 W luaindunasgnilnd Aevmanunmhdamendsagiznin 50-70
A I

3)  NANMoAY (earth electrode W30 ground rod) a1 ldiiunie Tanz nSeoupuTanzh
I+ 1 ] ] =5 = =2 3 -~ :{d ¥ 4‘ L '
higndeudis Wy nowas Hdnasldludusudsiuvesdiuiiniwduivehifamanom
wagnszaoszy Wihandvhasluduldedunads mesgudungezsmualdany

b
Mumuresdu lifu 10 Teru dafumsiduralans (ground rod ) senasluaudalduad

g1l 4.2 Hanaﬂﬂumuma g Haemsfnda

1NN |
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Copper Aluminum
Tyl of Qonduetes Standard Metric Standard Metric
Afr Terminal, Solid Min, Diameter 3/8 inch 9.5 mm 1/2 inch 12.7 mm
Air Terminal, Tubular Min. Diamefer 5/8 inch 15.9 mm 53/8 inch 15.9 mm
Min. Wall Thickness .033 inch 0.8 mun .064 inch 1.6 mm
Main Conductor, Cable  Min. Size ea. Strand 17 AWG 14 AWG
Wet. Per Length 187 Ibs/1000ft. | 278 g/m | 95 lbs/1000ft. | 141 g/m
Cross Sect. Area 57,400 CM 20mm’ 98,600 CM 50 mm’
Main Conductor, Thickness 16 AWG 14 AWG
Solid Strip Width 1 inch 25.4 mm 1 inch 25.4 mm
Bonding Conductor,Cable Min. Size ¢a. Strand 17 AWG 14 AWG
(solid or siranded) Cross Sect. Area 26,240 CM 41,100 CM
Bonding Conductor, Thickness 16 AWG 14 AWG
Solid Strip Width 172 inch 12.7 1/2-inch 12.7 mm
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A5 97 4.8 Taqilszian 2

Copper Aluminum
Type of Conductor Standard Metric Standard Metric
Air Terminal, Solid Min, Diameter 1/2 inch 2.7 mm 5/8 inch 15.9 mm
Main Conductor, Cable  Min. Size ea. Strand 15 AWG 13 AWG
Wet. Per Length 375 lbs/1000ft. { 558 g/m | 190 Ibs/10001t. | 283 g/m
Cross Sect. Area 115000 CM | 58mm’ | 192,000CM | 97 mm’
" Bonding Conductor,Cable Min. Size ea. Strand ITAWG 14 AWG
(solid or stranded) Cross Sect. Area 26,240 CM 41,100 CM
Bonding Conductor, Thickness 16 AWG 1/2 inch
Solid Strip Width 1/2 inch 12.7 min | 12.7 mm
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AINUATUNIUUDY ground rod 4 LN (R4)=R1 x _remrg

=4305 Q

Awmdumus e - () = RIGT = 7.906 Q/m
In 4i -1
d

1.3 sevI Az i fuaniiuiy

1 1 41
A1RIURIUNTUYOL ground rod 1 ue (RI)= %(ln —_ IJ =41 Q
7 a

Lem 6070

AR IR TUNTHYD ground rod 2 119 (R2)= R1x
.
}

L+2m =1513 Q

AAVINAIUNTUYES ground rod 3 11119 (R3)=R1 x

' . ' 1+ 2m+

ANV TUNIUYDY ground rod 4 UNY (R4)=R1 x _remvq
=11.767 Q

RI1(2 T

n4l-1
1

awnudumudun: ) = = 21.610 Q/m
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A4 o o
1.4 NANAUZUNNOTITRT

1 1 41
ANMAIUNIUVBS ground rod 1 4HS (R1)= ﬂiﬁ;(ln m 1) =170
i a

Itm o0

AIAITUATUNTUVEY ground rod 2 5199 (R2)=R1x

1+2m=6.27£2

AINIAIUNIUYEA ground rod 3 LT (R3)=RI1 x

. . 1+ 2m+
1A 1UA UM UL ground rod 4 UN4 (R4)=RI1 x remrq

=4.88 Q

R1 )

4l -1
d

awmnudwndune - () = = 8.96Q/m

A= = o
1.5 YIRAANZINGFI0TRT

1 r 41
ANLATUNTUYDS ground rod 1 11919 (R1)= %[ln— — 1) =120
i a

1+m

AAIWATUNIULO ground rod 2 19 (R2)= R1x =63240Q
! 1+2
1 ] v + m
AMTIUAIUNINUB ground rod 3 11119 (R3)=RI x =4.428 0
, ¥ ‘ 1+2m-+q
AANUAUNIUYB ground rod 4 49N (R4)=R1 x ——— =
=3444Q
maumusunz () = RICT) = 6.539 Q/m
n4i-1
d
tile 1=04m
I=15m
a=0.005m
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PIIWNIEHIIIAINIINA TUNIUA LI UIU ground rod

2 — 2u¥9
B 20
-]
L
-2 15
= B g — 3V
Y R
g 10
&
K= 5
0 T
4 1N9
0 10 20 30 40 50
81U ground rod (UN49)

i @ w ¢ ] 1 “a ar o 4
AR 6.1 AMuFuRUEsEr s MUA UM UTBIAURTIT MUY ground rod

@ ar d 1 A a e [

‘il'lﬂﬂﬁ1ﬂﬂ']1uﬁﬂwuﬁ5S‘H'J'N'F]'lﬂ’l'\llﬁ'luﬂ']uﬁ]ﬂﬂﬂuﬂ“lli]'lu')ullﬂﬂﬂ’lu'l Llﬂ'ﬂ\‘li“ﬁ
=1 1 A o I = o ¥ 9 A 1 9 = 4 ¥ ar
IHUTN LﬂJ’E‘)li']u'}ﬂ']ﬂ'J')ﬂﬁ'luTl']u‘V]'Jﬂ\lﬂll'lﬂ']u'Jilllﬂﬂﬂ1ﬂ']ﬂ')'lﬂﬂ'lu“ﬂ1uﬂ]ﬂﬁﬂu !Mﬂi‘]ﬂ.!."ﬂq 7
o J o =) 3 P ;, =1 L] ar -
‘LmJ1ﬂﬁm%swﬂﬂumm'mmummﬂmm lmﬁsl‘u‘llm&‘mﬂ'.lﬂuﬂ"lﬂﬁ’lﬁ’lﬂ'li'lﬂIﬂEJﬂL’L'E)ﬂﬂll']ﬂ
4 Ay v M o w o & d W o & A @ 1 Y
U Nﬂﬂqﬁﬂﬁgﬁﬂﬂ'l'ﬂﬁﬂ']NﬁTQH NIUNTITEADINVTADIATHIIA NIHINETUNVAINIIUA Y

=) J P A’f v
NIUVDIAUUDINUNULU 9 A8
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@ w4 1 3 a o
2.ﬂ711‘l[lﬁﬂ\1ﬂ'J'l‘llfﬂl'ﬂuT]'fl'ﬁ‘ﬂ']'l\'lﬂ"l.ﬂ'J'llJ‘ﬁ'lu‘Vnu‘UﬂQﬂuﬂ'ﬂﬂ'el'mﬁﬂ‘llﬂ‘i ground rod

s

= ~ Jd o~ o 1 1 g/ T J
TaBonHITRANANZ INGIWNAAT 02 lﬁ’mmmmuﬂmmm AdU

' . 41
2.1 AR TUNIUYRS ground rod 1 UM (R1) = %[ln — —I] Q
7l a

' . 1+m
2.2 AMIWAIUNIUYB ground rod 2 11919 (R2) = R1 —- ©

14+ 2m

: 2.3 AIAINAIMMUVDS ground rod 3 U (R3)=R1 x Q

i Y L+ 2m+
2.4 1A WAIUNIUUBY ground rod 4 AT (R4) = RI x LTEMTE o

Mo - P=6539 Um
L=15m
a = 0.005m
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psserIemInNNMUMUTUA1NA NV ground rod

B
= .
g — 1IN
=0 .
&= — AN
=
E\E 1
E 5 AN
('D
E T
i — 4N
0

ANNANY dground rod (m)

2 ar o o 1 1 ¢ =) = Y
n51¥% 6.2 ANUTUAUTIZH NI TIHANUNIUVDIAUNIANINANYD AN ground rod

o o & 1 1 a oo ] o

91NN A NLFURUT 2 NMATLATHVIABIALAUA VINADYRSIIR 1Y LEAg
gad A o 1 A4 Ao o A ¥ = A4 A =
Widiu dosnihmanuaniialduidiuaiemainudiumuessiy Memun A

1 @ o 3 & el W :i; = -2} o r
vaamesiinnndusi idyamaudmuidias  vezlvrszmmruving s ialae
" & dy v : PV 4 o o 2 2 @ 1
s@oanIntu nafl lanzandiasnudidy natnisaeaitezdosiiild e suium

= g - 6’; 3
AuMUNTITRIAYYRIANUALIY 9 Ay



75

3 arriaain iU tseniean A UM INYe sAU Tz o2 198U ground

rod

] 1 4
Taudenfidnansinemand vzldmarudmniudngaail

3.1 AAINAUNIHUDY ground rod 1 UHS (R1) = %(lnﬂ—l) =12 Q
7T a

1+m O

3.2 AIANUATHAMUBS ground rod 2 UK (R2) =R1 x

e

1+2m

33910 N MR ground rod 3 UHY (R3)=R1 x Q

- ) 1+2m+
3.4 AN PUATUNIHYBY ground rod 4 N4 (R4)=R1 x sremrqd 9]

o © D= 6.539Q/m
1 =04 m

a = 0.005m
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9Nz INMANINA T UM UA LS 2K 13U0 9

ground rod

(ohm)

MANNAIHINY

T

0 12 3, 4
328E YIY9dground rod (i)

5 6 7 8 9

{ o o o 1 1 o ow 1 3
ﬂi‘]ﬂﬁ 6.3 ﬂ'J’]iJﬁllwu‘ﬁﬁ'gﬂ'3'Nﬂ']ﬂ"J']llél}']uﬂ'lu‘UﬂQﬂUﬂﬂﬁg‘;Ug'ﬁ'N‘ﬂﬂ\ulﬂﬁ ground rod

o a & 1 1 a W 1 a0
ﬂ']ﬂﬂi'lﬂﬂ'ﬂﬂﬁu'ﬂuﬁﬁ$"r‘i'.l“l~1ﬂ'lﬂ’]']1|g{'luﬂ']u‘\lﬂﬁﬂuﬂﬂﬁiﬂ%'ﬁlﬂﬂﬂﬂlﬂﬂﬂlu']
9 o ] A a 3 [ ) A o 9 a A ] v
Llﬁﬂﬂiﬁl‘ﬁu’l'] AT T1YOITSUSH TNUBIINNAIN ﬂ']ﬂllﬂi.l'lﬂ'l‘l«!'JmW\lﬂ?‘i'lﬂ'lﬂ'ﬂiJ?ﬂu‘Vﬂu
a A A 3 4 o q Wi 9 = g v A A ) ¥
TNAU luﬂlﬂﬂiﬁﬂﬁi‘ﬂlj'lﬂ‘ﬂu%31’]111’31’7’]1?131“911141’]114?1%1?1\3 AN INHUIA IR I TRU
< e P 3t 1 - d%' [ = ar 9 o
MIUNVFUAININ UHIZUS VNS INLNNYUNATU llﬁxiu“llmmﬂﬂ'llﬂuﬁ'lﬂﬁ']ﬂ1ﬂ'li'lﬂ1ﬂﬂ
= F Ay va = & o v @A 4w o 2
nzigyAlINUL Hﬁ‘ﬂ‘lﬂﬂﬂgﬁglﬂﬂﬂﬂ'lﬂ‘iluﬂ'mﬁ'lﬂﬂ YHUMTAPTINSADIA TUITNANUIHUIS

5 1 ¥
aufuAnud I IYesRnYeiUiTY q dau
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Pt
unn7

vnagil

aytlnamsnaass
1 ¥ 1 1 2 P . . J L o
1 RANE AT AR MANMIUYRAY (Grounding Resistance) Tupgfiuilese
g
Sl
=y ) 1 A 1 é =] T [ 1 g d.’
1. wilavesAudiidnyazsuls Feezllamuandriuludaziiui
g A =] df ~ =5v = cl = = d? 1]
2. WA vie anmitlenFuvesauiifa TavAunlatinawdlondugs dmamd
MIUYDIAULTIA A
3. ANVHUWHUYBIAY, guvigil
4, vIAvauTiaAY
¥y 9 =3 =
5. anuduvesmyazaanie luau
as L = 1 A H
FIMTVAINIIWAIUNTUVDIAY (Grounding Resistance) Y849INITVBUADLADIUA
o 5 T [ ; '
w1 ldmsdaluasadl aosiienlnny 5 @ naisssndmadimuiia ldiamuandie
& [] 3 =1 = g A = =i;
funmlunamengrsiudiduanyauasiinnuiugs wrehdadiea g unufdwaz g
U a z d’g 1 as = oF ] Ly \J : d’.’ o ¢
avau T Nefiduaginanmvesiudae ndnsiasanudnmmuluaieildunsaginay
Q A r a é o 1 H
dumuszdumii Taz@uammin Foziuldnnanuduveansi ndnad 18Rdu e
r 3
nufind 1 14dedu razannsmesiiuld Wiy gound rod, A21080 wazszezYi
1 T 3 -ﬁy 4 o 1 o a -nl ﬁg - °
YBIN ground rod NUHARBATINAIUNIUSAY Ao W 9T wsuumsdniufiunniy e
oy Y A g & A -2 ' w o q ¥ 4 t a o
THae g R e, Wemuawdnusamsdniiduindu g unvesaun
M ; 4 A P & N ) I &
raadmen hlfe uazdlefiussezaliundy ssi s munidaamnade
S 1 & o d A P ) v 2 g
farraniismanud mufelisnd uissesezunduiai
e ~ o s
s mbhaanudmuresaunia g 1l 1415z Toamnd fe
9 ) r 1.
& mlfamnrons 8 ludaztunnds ¥ ground rod $1uauANme e 1R
] E | ; 5 ;.-.?’ A [ ] '3 o o
s umiyesAuidins fellifennulasadouniyyduaznsnddu
& = @ ] 1 t = 1 o«
% dodaussiuili defhzddenlszyasiuléing ananudemadeninyel
A 9 4 = w o 9
unzinieelFa1s q sandenrmnlasaisvesnuidae

13
o+ Miludeyatiugmlumsaeadunmrvemaminedods i
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flymimazmsudiu
] d'u ¥ :E 5] T A L P
2IAAINIUAIUNIUNIR 1A TUAIT NN 6.1 9XFUINIRAIUATAIRI A TUNIUNA 1S

o 3 t:? A'l 0 Qs ] - (7] é Y o 9)=4
fupn  seiliflesnnn idhinsialudredeusueiouy  dafumbuilfiduangnuns

o : ' a -1 1 g} P ; & ;g o ar & A a b7
pnihiwhnds Tasvzsiu1donsmaudmuidias Femdumuiledoniieniid
1 — ; a ar 1 =y d
MANNMUMUTesANdIae  uazmashimsiasmanudumuresduivanmiiuiiou

- o @ 1 ey d ar g 4 ar r
wull Aszlimaildmanudmuvesdulasuladiildie  daiwelvnistasiaaw

- 1 i I a8 C; g a’/ 1 A r - ol
“dnmuvesdu ldmamivdidadurrsSadnamdwmulugnwimnzay higwiu'll

1 - [ 1 =y -l:l -~
wialiudeonnuhl) azmannsoldmaeiiselunsaamanudiunuyesdudfiguiu

T8 i nsazatonde TunReunae 1sa, nasu Hudu

v
UBlaHBLLY
o o & v A A A -] o
nuansfinmaan TunsdeainemsnSedalgnadiau q aualsedndsfiozi
MIIAAIAIINATUNIUBIAY (Grounding Resistance) 11892 19911421 ground rod 1&Mangauy
o 3 I 3 o L o & o e
fulundazifud Taoozidlumsdosiuaunlaeaislifuyudiaznindiu aanaudene
) as o 3 1 tu’ g} Al | or a A
Midugasal  saslsozdlumsedmiunslfinseanoiamnsziadaiesasdu e

anuazaniays s lumsudilgn lavuviaei
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Fd
fedy nedila nvesnuuuLaznzdaazuy i awanassiuvesns lvifh
(=3 3 d =y { T
fanfafed 4 ngamng mnayduasumaTuTad (ne-gafu) : 2542
= ] @ T ~

auiadranssuanmurslsama e lunszususigddud  Sunessunsée
1'a
gana Ifhdmsulszmaneg auznssunmsmuisns sy i, 2535,

W.J.Furse & Co.Ltd , British Standard Code of practice_for Protection of structures
agaiust lightning , W.J.Furse & Co.Ltd ,Nottingham : 1985
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1 =, or Sy ey ar 1 _y é El
unsmeduilalndrzdufiiau dudnynzvesmideasauvesrzun i muuniled
] = g Ve cl Qs =2 | =2 r 3 =y 4 )7
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ldaman e me dnuuzyeuvisaeauthIndsedumauutienniiiu
T = 1 ~ = ‘i ot
1) ulaa AUy ( ground wire ) iiunnamedu@onildnuazihady
= 1 g =y 1 L) r = JJ r o
uuu wiodhudunailsegldiudy dmudiumundnszoe Ra vesusmeuiidusgiu

AMIMAIUTIUTUHIZUDIAY Do HAZADINENVBWNMIAY Lim) duaadlugl) v.2 uay

3
=

Aauauns laas

Ra {iu) = Peln 2L
L 4

\f

e d : dludurhuguinaiaesrania (m)
T, ar & o anm 1 a8
2) uameanaaY daaaslugl . Falumal §iandwvsaeau

unamuiiduiugudnasedaies 2 was uazmanudumuusinszviefuan 1@
910 '

Ra = Peln27D
D 4

fdle D : dhuduriuguinanveumanumiy (m)
=1 1 o v A oA w ¥ = roar £ &
d: sﬂmr’r’umuqmmmummﬂﬂu Nﬁﬂﬂmziﬁﬂ‘ﬂﬂ HINNMINUATINUIUDIAI Y

MU b VB IUUWFULIY (m)

Pe: ATAMUNUTUNIZVBIAU (Q. m)
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3) ihameRusuuen Hunslfimsreiunnundy veuvurerieuaai
FunmmanTastpseniamniiuedtes 60 e Hefloz1inavesnamdrumu
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Ra = Pe (lnas + 1.75)
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4) uNmeAUILUAIY (grid) iSunviseeduiton1Fivantitis IWfuan

1 r = A = or 1 - 1 3 d’g

21A13 MANA M uEn 9 evastuiialszna i ndfssiuuameRunuuundu Asidy
agiudauTesmovewimedues uazdmualdifualssaoumegu K dmiuusis

AMYAUUUBANY 9INAUMT

Ra(M19 W) = Pe.K
2D

A 1 ) r = T 4 = A 4 A T -~

die D : dhufurhuguinmevenriimeBunuuanhe Wenffeufloufiuilvesmereiv
' 4 A4 ¥ oA 1w
wmwglamteutdidhunnauiiuinelusiw

Pe : fHuramdrumui iz vesdu (m)

D=|11i
T

I A INO1URIMNSTIURMILURIUY (m)

Qr 1 -y 4 J L 1
K : lﬂuﬂﬁﬂ‘wﬂEI‘LIﬂ'liﬁ]ﬂ-!ﬂﬂ@tlﬂﬂﬁ"]ﬂﬂu!mﬂﬁﬁﬂﬂ wagnummnﬁﬁwawm

AU a 1Y
a <\ lln Mmdlszneu K =13
a = 110 awalszas K =1.2

N
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5) qmm'iﬁ"lmmmmmﬁ"mmumm ground wire AIUUIATEIY IEEE Std
142-1972

(1) ground wire 1 &y

R= P (IndlL +In4L—2+s—~s+s*  +.)
ATIL, a 5 2L 1617 5121°

A 1 a -
Taghl P : e wdumudumnzesdu (Q. m)
2L : anueIvy9d ground wire {cm.)
S$/2: ANARYEY ground wire (cm.)

a : Selvoududanii (cm.)
(2) ground wire 111111 2 A ( Right angle turn of wire )

R =0 (ln2L+ln2L—02373 +0.2146 5 +0,1035 s> 0.0424 5* ...)
67TL a 5 L L ¥
Tagh. L @ A7N1IYBINRNVO4 ground wire (cm.)
/2 : ANUANUDY ground wire (cm.)

a : reilveududaii (em)

(3) Ground wire U111 3 R A ( Three point star )

R= [ (in2L+1n2L+ 1,070 - 0.309 5 + 0.238 5~ 0,0545* L )
6L a5 L Lt 1t

Tasf L : AN¥evedinnved ground wire (cm.)
/2 ANARYDY ground wire (cm.)

a - Sedlvaadudai (ecm)
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(4) Ground wire U151 4 URA ( Four point star )

R=p (ln2L+In2L +2912- 1,071 5 +0.645 s 0,145 5" L )
smL  a s L C L

Taof L : A9IME1IV0RAYEY ground wire (cm.)
§/2: anuinues ground wire (cm.)

a : faflveadudanh (om)

» - (5) Ground wire 11313) 6 i1 ( Six point star )

R={ (ln2L+In2L +6851 31285 +1.758 s~ 0.490 5°L )
127TL a 5 L L L

Tpef L : A2°01398mNU0S ground wire (cm.)
$/2: AIMANUBY ground wire (cn.)

a : SAHveUFUAI (em.)

(6) Ground wire 14111) 8 4R ( Bight point star )

R= 0 (ln2l+n2L+1098-5515+3265-1.175 L)

3 4

16TTL a 5 L L L

Taof L : A9 001298LDAUBY ground wire (cm.)
$/2: AIMANYBY ground wire (cm.)

a : falveududaill (cm.)

-
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