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ABSTRACT

The purpose of this project is to study magnetic field and electric field and design
magnetic field measurement used measure flux density in power systems and calibrate i
with electromagnetic field radiation tester {commercial meter) to analyse magnetic field
using transmission line workstation program.

The advantage of magnetic field measurement and transmission line workstation
program is used to observe the flux density in power system. The data of magnetic flux
density can be compared with the TLW simulation. The result is in agreement with

magnetic field measurement.
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2.1 awIaLANIMAaN (magnetic field) [3]
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2.2 AWINUNLRANNLAA NN TualWHY (magnetic field due to current) {3]
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2.3 aantifuasarsuaiinan [4]

asaimdnlasrldeusowlseanléiiiu 3 siadeoiuda
1. lawanudin diamagnetic) léun a3 limursnmuduswnudmanld (g, <1)
HNAIDLIILTY NaIled (copper) Tai# (bismutch) 134 (silver) Waznay (gold) tIuan
2. WATIWWNLUEN (paramagnetic) lefun ssfiaasnmuduswuuimsnlddntan
(4. > 1Andan) andraiatu lendioy (chromium) wwaadity (platinum) (RELRIVAIIEY
(aluminium) LI uau
3. iaflsuunudn (ferromagnetic) léun manauanmuSnawivuimanlaun
(g, >>1) an@aad1an waAn (iron) S (nickel) lauaas (cobalt) LazlRANAAADYE
(oron alloys) LTlwew

FANULTURFWIUWILARN (magnetic field intensity ; H) ﬁW"s”U'?aq%ﬁaﬁ] a:i‘)vuag
ﬁummﬁuﬁuﬁizmwﬁtﬁnmauﬁayfl,ui'ﬁqﬁ?uq AUATUAW LU LR W TILNLAEN
(magnetic flux density ; B) lagdamaIuvasnnusuwWuBaInig (1) a:iﬁuagjﬁwﬁmaa
fiaaring dalkegluzdanmazle B=puH lavafionw g hde AN LT
WiLMAN (magnetic permeability) a%‘m%'uﬁquupmﬂ (vacumn) usza 37 liltiweslsuun
N (nonferromagnetic) lap@iwlwgienanymuda ldazidasd Famupadnaiy
dswanaiimdnazusdulasassiudanaviuiuswnwi uasfgyanma:ldd
A udnlevinny =g, =4rx107 (Hm)  iEmansofisnadianusud
WL ANFUWNS (LLr ; relative permeability) leanenuFURUE = 2,0, FuDuauI
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JH Al =3 g oo (2.5)

'lumaﬂg‘jﬁ'ﬁmaagﬂﬁ 2.4 () azilpwdwaunslean
HH,+H H = Nji, oo, (2.6)

2.5 ngﬁa‘m’l (right hand’s rule) [4]
nyzug WA narwlud i masuas = l¥Raguuudinan Jfiansenung
=~ d ] s o ~ ) { °
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MIRAAN IV BIRwIRLEAAN Luinu lidefnan e nasuad M uduass ®3aaiin
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2.6 nymswmigiusaedanldvvasdrsiad (4]
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LAING) b A (2.8)
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TasussindonlWihiwiionhaunsnebuneldnnnguaaaud  (Lenz’s  law)
a = a ' = @ 5 . = o 5 Y
Basmanfenhwimdniin  nngraaaudiin uwsaefownimiisaiiazedad
~ | & - W ' = = 3 | a v o= w A& .
AenandumnURonilssuaadulsnanioada  Feibitfaduduar
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FUNATNM IR R R FULIILIREN N BUEN (¢e) swdusngfivinlifia
=] v o] & I o i P a = o [
wraefanlWihmietu 17vaIuTIadan IR rip iz duwldenunmavildiie

nazus i madmunnufvuudasseduussuiininifieandas  (flux linkage: A) 11w
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ATuAMUMUAIsvIaRIaNaIad nizudWihfasinananainvivulas@aannglonn
URZINANAZE U LN RURIULUBI VDI FULTILIARNIADIAREY () fierravad
nzud Wi nusaeian Wil uniioninazaine ¢ lufianmasanuinuiufisms
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189 ¢ WnEMlad ussaRaulWihimionihffiedy axliduduuinfigadaduuuiila

W ﬂuﬁuqmaﬁwuma

Qs A a ﬂl -
2.7 LIIORIAREIRINNANNTARIA [3]
[ i s A a o v | = A v aa =
LTIA WA R 1IN NLANNTARIATIT L AU TILNRANN ENAR BN N T U Ry ULY RS
ANULIAN DAY THWE TIN LW IR TOUVEIVARI UAZAATIMILUR WD ILTIAK

— N o )
Wi AN AU MUEa18 Aaaun1sh 2.9

dt
* o L) L2 1 = e J = ] 0
mmﬁu@lﬂmmmnmmmanmnmu‘lmm‘mm‘smauuuﬂaa‘luanwm:maa

sunfulmbazld dsauntsfi 2.10

@ =@, SINLN (it (2.10)
Ndg sinot
e= Ndg, siner =Nag, COSON oo (2.11)
dt
Niwa bR =0
E Na
E oy —Ltw NG, (2.12)
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.
AN (2.13)
Fitly ‘\/5

B = AAAING, e (2.14)

B = BA oo e (2.15)

$ia Eoe €18 uredmmiignihfiheduiasia wios (V)
5 970G nHIE (117)

D MMUIUIBUVIUGRIA

A LFULTILAAAN Bl (Wh)

AUAR UM AL TILENEN My (T)

'
= 1 3 B '

Auimineauasrania wiie (md)

pS
Hr Wk & ©p I

[ B 6]

2.8 aw i W (electric field) [5]

GRHESARTIRAER ﬁwﬁwﬁ'L"TJucﬁ"mma'Lumsﬁwwé’amu"l.wﬁ’mna‘;wﬁﬂﬂﬁaﬁﬂ
gﬂwﬁa Lmzl,fiaﬁmﬁﬁaﬁhUwﬁ’wm“lwv”\hﬁimmUE&JVLNNWLL‘saga muﬁﬂwﬂmsagaa:
naniluungariufiavesnduauny i ua:ammtajmﬁnm:muagﬂ:(ﬂmau’lummﬂ
c’&awansmu@iaﬁammﬁamﬁaglﬂETr*Tumzm"avlwq;"«mmgo ForfluiBumasaury IWHg
LWINIZaHDANY T a:ﬁuagﬁmmﬁﬂﬂﬂwaomua’aLL'sa;;wLLa:s:u:mamﬂmum
M‘N’]LLN%G dmusunmenud e s IR AuwnTzneeany it 1@ sow
Tdnnmsdiwinumazanniyia

- & \ y q A
mafinduvoszwy Wiaansnaylldnnnguesaaeuil (coulomp's law) 1iiia

@
= 23

e : 1 O [ A - 1 1 et
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a
d.ﬂd 1 nw = 1 L 1= 1 - a J 1
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Foe e e (2.186)
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Fa Fda LLﬁaﬁm:ﬁwiamzqﬁv’aaao winHIeu (N)
g; Ao ﬂi:i]@hl,mmﬁwﬁo wingaaut (C)
g2 @D ﬂ‘i:ﬁlﬁ'\meﬁﬂm wihoaasui (C)
& fia mmafﬁmﬁ%éﬂaaﬁmm‘jmﬂ fien = 8.854 x 10~ Wiy F/im

r ﬁa‘sw:mn:wham:ﬁ;ﬁmm PUIDLUAT (m)
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Funussfinszyhdadszyihanudusuny i &) fwiindu vim daumsi 2.17
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2.9 ANAIMKY IRwINABUTIAR AN (dielectric strength) [5]
ATINAINULBIAWIUABLTIGUIATY  wyrpfadrmnanaioaawiulwi  (electric
field stress) qqqﬂﬁammfmuagJJ'“l@T[@U"L;iLﬁmmwuLﬁﬂmu wiaian1s  lwIneninie
ldmsiiuawiuosanin Swbhoiudusiiudaanurwideanin wIauskones
Sanlniaduladaaimudiuns (viem) wiefilaladdoloudiuas (kv/em) A1nNuLaTHa
au il imuedanuasmurasawnliin  lasrldesman Wi isiae
(uniform field) @atiluauin Wi srieBEnlnefidanwodwiduszwny  (plate-to-
plate) ANYAINUTBINTIAWILADUTIGUIWTN E5 (e W Wi dnne) %uagﬁuaaﬁﬂs:nau

@199 13U JUdNwoEaGazesdianlne dnvozsuifves 1a8dne3n (dielectric)

VIanTuaw
i i |
O » @) » O -
f f A
AN / _ _
vV d1 A az v d3
/ AN / ~N v AN
v  J |
O O O

(n) (1) (f)

U 2.7 dnwoznmsifiaauwy i

(n) & lWihadnawe uniform field)
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i2) s Wil adauatinitas (slightly nonuniform field)

(f) ﬂ%?&J‘lWWWﬁqﬂﬂ&jWLH&JE}E{G (highly nonuiform field)

dattouusesulwinldrusianinsednwnzeg ﬁawoaﬁluawnwaﬁogﬂﬁ 2.7
wousssm Wi i W Aawsnalelimini fowdiezdase: dids use ds W
wiriuAmy dussduiivaliiianisiusnennl masndaldite awmusssriino: d
anuaanudousssulii  luldenpdenladnile saulngazidudrafidindad
laslszunos ﬁna:ﬁwu@lmUmmwm?umﬂmu‘lwﬂ’lgoqm E fifiedn o ﬁg‘@l‘lﬂﬂq(ﬂ
wity  szuedldnlnseluwmsfimasneniGufiedn  Feezunuiatas %uar;_jﬁu
gedlsznovBnwaulsznis

2.9.1 Aianlnsaawu Wi aiuaye mnUﬁd%tﬁn‘[ﬂ%ﬁﬁﬁﬂm’]ﬂﬂﬂmnq 79
Tutsreniblnlnsessdhimuariniuosan (mu BLﬁﬂImmlugﬂﬁ' 2.7 IR IUI

Tdanenudunus

do v @e wssdulwihiidaudnldsewinedianinse wine 1ad wianlalas

d 89 TEUTAITERINBLANINTA MU LTUALNAY

Ea 88 emuednaauwnWiiado o 1ala g szwindiininia wihohadee

wudlaes wisilaladaaioudiiues
Eyee @0 aann3uaawa IWigoge
Gatlauussdu Wi limusiEnleseaulWihainame  asfesnaniiuia

anueToaawid lWiszninedianlese G‘Ti'aLmﬁunnﬁ;‘mﬁamﬁﬁwuﬂﬁwﬁﬂmmh:mm
waznszugaziRniuad o lwininwle  denuednaany Wi fiRa nuTRwY e
s fensiusnenlil AdannunmusdausssulWinasamIninas Faduosldan

da ¥, 8o wsssu Wi fivnTwAe nsusnenastdwauna Iwshasnaus
£y $a anaaisaamu Wi fim liAamawsnansisd onamume Wi uasanin
2.9.2 Blnlnsaauwa Wi lisdawe sidnTniauuud anueseasua Wi
Azgmazlidnananans ifuagﬁuﬁmmuwaaa‘@fuﬂ ANUUANEWNU Db 306139 ZUN
winwaw ﬁﬁ‘jruagjﬁ'ué’nwm:gﬂmammﬂ:ﬁﬂ’uaaﬁLﬁnlmmﬁﬁaumvlwﬂﬂajaaj'u,auamn
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e 7 fio uniaasaunIWH (field utilization factor) fein < 1
weeasamulWide  dufivanldmiuididninianuddnsmevasawin Wi

guRVDINEAnLAILA

2.10 awauamanuazawin iifiiiaen nid#usego [5]
m‘ss‘mn"ﬁavl,wﬂwmn@wﬁa”lﬂﬁa‘é'mgwﬁa Tasfimsdaras Wi wmaans
A% =l Aeany Wi uasawuudindniadusznieaodiae Tond
auwlvihienussduanasanay isuluntdiszuutWinmasinigsdnaussawume
500 KV, 230 kV. 115 kV. B9 kV 9anmsanwsiwuidussawa Wiy azddrannenwy
YUNAVDILTINU U Tz U dmamunantuasAanszuan vanpluaoas 1N
msEnwwudn  Yunmeasntzuafiiwanioluanpdsasdnadanisiiavesamiuusiinan
dhlusruu@sednszuamuluapgsnin fazvilvdiumvasawandin&ndarinn
2101 awwudwdnuazaww Wi fiiaondnias Wihauapd L5959
eI 3 EhenRauidszinalng AnusssnoraslwilaslFmpasufidan
bundle conductor Aaluudazingassznavdpdimainidun @ue 2 dululy) las
sruzirzaadulumpfasufimansasyszanoe 10 - 15 mwamﬁuﬂhuguﬁnmwaa
dudan damsiwihidnonaawissanalng Tarmuaszosvinolianoil AHEILSIFIVWIA
500 kV 314I%A11 4 bundle FTEBzWd 44 L UAILAY EBEILTIFIVING 230 kV 91U

A W e

et -3 ] - = 1 ﬁd; J
37 2 bundie a2 4 bundle FreUE¥ 40 LTUFLLGT NTIARRIDTIDATH Az lTafiaed

511 2.8 8N N REAUHIGILAEN WREUDIRBAIUF ATURINLEW LAZATURLEY

U

1. eyt awa WA Lasauy L randz Jaanag
2. iRarasaMumiainTutassslitauas sualwdtasauy i

VOLEE



14

ﬂl o [ d!
3 W RNTIT LI Ee NN Rl BRI DR
4. 1 NB WA A UE TN I WIINTDIFURARY
- = a & “ A a | =
BnammmuamLﬂun’]wn’mnmumammuvl,wwﬁmnm*mmUaol,mga‘n

TFan W R TULLL 2 1&% 3 L& uas 4 1w wSeudipunum Wi duien

2.10.2  HAUAIEWN IWHNLA W ULNIMANREALULAZRAT  HENTSNURTaauaI e

2 | = aHd [V 4 " 4 A A e a

nEw U W LR FUNULUIREAN Aldanwuasgas lasiawiztNwEou winfirhamhiag
L3 | = b b ] = J 1 1 + 1

lnamummga 2:0ANNIANNIIANIAHATIENE199: AT U IR FINRGDTIINUUDIA

uazded lasosdnifiliToin The International Protection Association (IRPA) lérnua

ixﬁugaqmaaamwvl,wﬂmﬁ:aumuajmﬁﬂ fuvemrugudRlSateUasany e uanse

A 2.1

A15190 2.1 ﬁﬁﬂ“ﬁﬁ'ﬂqoqmaaauwiwﬂﬁ LRZRUWINLULRAN 50/60 Hz

AOMATT Euss H | anudussn v (E) ATURRILUULEBLIILAAEN (B) |

FOUUIZNOUNT

- anaatrluarne 10 KV/m 5 G (0.5 mT)

- ﬁaanmétu 30 kV/m 50 G (5.0 mT)

- PnawIzwau - 250 G (25 mT)

BT VI

_gann 24 Tlay | 5 kV/m 1.G (0.1 mT)

-2-3 T laaru 10 kv/m 10 G (1 mT)

A59N 2.2 TarmwuanNunMIadws s Wi aan T Wi uREe

P
o FUZIINIANINANILEN _ 5
VUIAULTIG U IHHN ( KV ) i adwa e WY (m)

panlUsuRe (m)

69 9 18

115 12 --26 24 — 50
230 20 -25 40 — 50

500 35 -40 70 — 80




15

Wi [l = aA A J ' %] =
ﬁﬂﬂNﬂﬂﬁs‘:‘ﬂUi?’]ﬂﬁu?M1WW7LLQ$RHWMLLMLHﬁﬂ ?’?Lﬂﬂﬁ%’%’)ﬂﬂ’)EJE'NQWN’]LHO@O‘HM

daauuazda’ nvlwindheriauisdssmaingldinmssetarinue  anunhamaiu
mw IWihassmpasiWiussgaan |y Watlaarusuaafionaeziiadn domsedl 2.2
mnmsﬁnmmaa;jﬁmmr:y@mﬂs:mﬁ wu*imﬂﬂaﬁtﬁﬂﬂa%ﬂw‘%mmﬁﬁ
ﬁmw“lwﬁma:ﬂmuuajmﬁnﬁﬁﬂ?mmquﬁuﬁﬁmuﬂ luszuzmuug aguszdianar
lﬁqﬂﬂaﬁu IdFuduamponana i uazawnuudminld Sanmsénwinwiinasifin
lindng 1w lsaunefiants lindsuiundonny Tsesuonday uszliefifoydasiy
dafan  wdlgwensuansfiieduananalwiussamnuuimdniaansndasiu

Ladhonfiladn lWagluuiin whflanudumnu Wi ussmnuuiningsg  diflanw

ﬁWLi’Ju@%’am‘TﬂﬂaQluu‘%nmﬁanmaﬁiﬂmiﬁaza;J]mmﬁu"l.ﬂ



16

UNN 3

o L] 1 = '3
nFaanlluuteIadIaduwiIdiLdiianilasituisas

3.4 uwIAaHAISED NILLULAI DS IRAWINUNIKRED
Pnuwmdefiezesnuuusamasriamnuedndn  ldinnmienes
SLEnMsafindn YUt laodmamivnausseissianinum 5 SN
daufu ldun mefufggine Mevesdygnoe MasndiWg  neuseIaynnm
MNaWEENITIBATAAALATAIALEAINA TI110 5 FIWNTTFIBHAEA I I HTUAHETI

lasfninflundaza1unisriiouead

[ 1 <
LAWLLIILLALWHAN

5

|
\
MASUAY LI

T

nasné s

,\ ____ e e ‘i‘ -
|
\\ J

MALRAAINA

H‘ = dll el [ =
Eﬂ‘n 31 Liu’]ﬂ(ﬂluﬂ’liﬂﬂﬂLLUULﬂ'JﬂG'Jﬂﬁ%']ZJLLEJL‘Hﬂﬂ



-%‘uuﬂm S e 17
ﬁﬁnﬂuguggg}a Ivssooundminnsss

511 3.2 WU ALTUARI LREANMOLEMSARIARIA

314 medudygioe ansumsinnusedeiasiaawausinin ludmtiazyin
wiisuRyme wandauauslmanffiduisuudsadranlanlunsoenuuuesly
paaranasua i AL ume SRy o lanandumamilosinifedwdanszualui
nasimaUnaollih  azibiifieswoudmin . lesmedudygoesiudyano
mmJLzsjmﬁﬂﬁLﬁm%umnqﬂnitu”LWWmﬂﬂnﬁ@ LU ®IHRILIIFY walpuUad Wil uae
auUnIntindnyniie

3.1.2 MAVBDFYIYI wiumesuFy MLz A g Mis 3z
oA guRusIue waINATaa AT URTY RSN NunaIiile
FWINLMENITINY  gwaudininazidtag %aﬁaaﬁm‘s*‘umuﬁ'murywmﬁ%'um'lﬁgﬁu
Tasmenmodgaod s:ldumniivesaunsamadiinnsefing lauld oOperational
Amplifier (op-amp) I3 lunaiadamueedynn m‘lﬁgﬁu

1. Inverter Amplifier ilumIsaressmenanlfooyuanilvimwifieodyano
nsaunszuansnionszuaaay laolddwn e inna iUy MUK GILEAT
luzudi 3.3

R2

MA-

—_— R

Ve

Eﬂﬁ. 3.3 Inverting Amplifier

62402



18

. . . e P w .
INNT LMW LUINTENE ¢ Peynunsua I TIINHAT  LTIFANIDWIDATIEIU

i -4 Lo =Y 44 A ] ;
TR IWNAEUWN Iedasanlus

[ 2y eeeeereeesee oo eeereee s (3.1)
- 2 . ) o & N o [ g
NFENMTT 3.1 18 4, =i, HIUK INNLGVDI node zvi i laruMsevdalld
Vi—-0 0=V
s e (3.2)
R R,
vio¥
L (3.3)
R R,
L= Ilal.: CII 2 A 0 1 Ly L L aad ;
sariu nFumsh 3.3 azleansd@imsewitaniwniuduwn laaad
V R
o o e (3.4)
Vi R,
R,
O = Vi =22 | e (3.5)
R]

3a9rINBaU LAY NTUERIT L;"Jal,mﬁuﬁuwmﬂumn ﬁlzﬁﬂﬁmaﬁmmﬁﬂmﬂuau

A o = g v Y & =
'H'iE]LNFJH?G@HE]HV!YILﬂ%ﬁU?]:ﬂ'ﬂVILL'SJG]HLE]’]‘HT"iY]L‘]JHU']ﬂ

2. Non-Inverting Amplifier 1iun1saarsasmeuenivaadusuilvitniifivee
¥ G L L J . ] 4
posuylinfua landanniruonedygisezivegnumnaiaasniuuen [

b
o miwnmdaunudyynduwnauaasluzun 3.4

Vi O

:.illﬁ. 3.4 Non-inverting Amplifier



19

. . o - o &
"ﬂ’lﬂ'Ni]TL‘ﬂﬁ’lﬂJ']'Sﬂ‘H']a‘ﬂi']ﬁ’)uiﬁ“ﬁ’ﬂﬂLL?G@%LQWﬁwﬂﬂUﬂuﬂﬂiﬂ AT
Vi Vo-Vi
LA (3.6)
R,

o & { [ ' ' as o A [ 4
@Nuu‘ﬂqﬂﬁmﬂjiﬁ 3.6 L?’\‘ﬂ;iﬂ@@i’]ﬁ?uii“qqﬂLLSG@%LDWﬁw‘ﬂﬂUﬂuﬂﬂiﬂ@Gu

Vo R, +R 3.7)

7 —R1 .................................... )

22 =]+ R (3.8)

Vi R,

Vo= Pil:] + &, } .................................. (3.9)
]

3.1.3 maniWd dnfumaendlnd sdmnffudygaenawining s
mevmpdyanowdy maundlisiwihfusedygadaiu o) Widdygm
TWass (DC) iRadlFsmantasdygraanaudaniiiufinaadsly

314 paulasdygronemdsnidudioen (WD) Humadviiwiifiudas
Synnmlasdygrafrumann@lwidhuaniudygiouemian maudaadnygmdl
ﬁ]:LLﬂaaﬁrynpm?'imhmlﬁﬁmﬁcgzyﬂmﬁ%@aaLﬁamqumﬁﬁﬂmwaamﬂuamma@iavlﬂ

= LY [ l:i = a - 9
3.1.5 NMALFNINR Lﬂ%ﬂﬁﬂi\!'ﬂ‘ﬂqU’llﬂdﬂ']?ﬂ’]d']%"NLLﬂ@{lNﬁLﬂHﬂ’JLﬂ’llﬂ’ﬂﬂaa qulg

'Lunm,mmmmiwaaau’mLLstﬁnﬁd"@l'LGTﬁnnmm&ﬂﬂﬂ'ﬂmga piaulas W Lay

pUnIsklWinena g 1ou wawmad



20

{ [ 1 =1
3.2 2993LAIRIIAARINUANLARN

=0 D0duF
R 3
PP, R 10<
- — AN —
! R, 10k Rug 10K O .oy
C.4 TuF 16y R 4Ok i J\ - s Co 4 7uf 16V Qv
. | Cy A TUF 15V . i
e R VY I e };4] 3 G- 1
\ T !
| Ic | R, 4702
J_ LM324 : o Y
L} sEwsOR =50 20068 oo e g‘gd 1ok Cu A7RF Zr0e
. : c i‘ R 5

R4 7k
. = = . - - - 4
K 47 -
?c W e oo
San 2[] ml
- O+8Y
Ry, 22K
g =
R.IM & i ; _
K U SN
R 20k
{ Hp————-—— “RE( L
e
AN O
(Rt -
= I
: . {CONMEN
Cou3'UF Co b IuE
[T R CAR 1C4
Co: 007
T __ rercap  L7106CPL
c e i 08c1 3
Ris 107k |
—ap—| 0sc?
C. *D0pH T : ‘
o I A1 FZ D2 B2 A_zmﬁamc"mn-
G2 E? C2
B [ gr Ba
c1 C3
- AUTE ZFR0 3 o3 PN —
= LcD
= AA-—— BURHER F3 F3 Bl
C. 0224 G e}
T M1 < K 8o
BP  TES” GHC L DP1 P2
“i +8y
—L
—
=1 PO"\’LR v
¢ - = =0 | |
2 Lo
R 100k I | ! i
! | a0
R = .
! —— 4
- l = ‘ = Jpic 200 4T
' Wy o —e——0 w g
' . p B P
- . ZEY .- ; —q
7[" j : ) I i] mT
R xR
i is
! H |
: o e N —

ﬂﬁ 3.5 'JGE]‘EL@]‘EBG'JG]EH’]&JLLQJL‘HNH



1 el ] = 4 o ]
33 'J\]'iﬁl.ﬂ%ild’!ﬂﬂ%'l&ut&llﬂﬂ ﬂﬁllﬂﬂﬂ ﬂ’lSﬂ’ld’lH‘IHllG’lﬂzﬂ'lﬂ

21

G0 0t
- (2)
L R, 10
R
R, 10 Rig DK v
Co4TUF 1B R 10k P . C, 4 TuF 16V (f w
. } A Cip TuF 1B 1 " AAA~ R -
I ) 1}—1 I15- Hﬂ
. - : ic
: 1, L 47D | M108
i
(1) . | 374 AN, =
L b EEHETR OO ONGRLK 2 R, 1Tk C, 47uel 3
K &7 <Ry -
4 :y c : .__“___ R; Tk { )
IR
| ZRedk
Pe R ¥ S N [ R
<
R &
< v
SR
loged™T
- 'CZEI m
g
‘ 2. 27k
I
| R 9 S
hom d ..,__l_____ N
K. 'k R, Sk B1
[N e S L T I c1 -—
) R 0 \_JI
24 ‘ e r: - okl 1 ———————————
roy -1 -
< f B i nai R = e i A E—
m” AT — —
Y —l— 8z — ]
c2f
& COMMON oz
b G 10 Cz : i
- -————REF CaAP IC F2l- ;
cno L 4 Gz i
b Jmercap  LT10BCPL a3 :
i
- - = DsC1 |
., ‘COk |
—-| nso2 T 1
Oy, 0P —T . !
4) o o8t 3tz B2 B:A_ngwé'w'_gi{ Al
K o) 3 I
B3k gy @2 EP 2
3 dca
— === ALITR ZERD 03 03
1. 7E0h C3 —§—E3 L' D
AT BUR LR P34 F3
o0z @3 1
et N U K “
BoOEST S| b -
w {5
p— v 7'|
——
51 PIMYER o Coan
S S . o
L s |
R l 4030 |
4 : N N - 5
s g b ey [ \ e - R ]
| R EI<Z Ce 10, > » (o] ‘C-‘ —- 00 u
14 e e =ro.ov 'Y - -~ [C —.
T'w J L 1 ] i : y/a ,]/‘/ a0 mT
lic ,/ - :
. - _ 4
R RTT NI A . m,&
e

WUNBLEY (1) MATUFEYInE (2) MATBIBRYYIH (3) NMAIN& WS
(4) M@ A/D

(5) MALFAINA

= A e v a .
gﬂ'n 3.6 Tldﬁ]?Lﬂ'JE]G’JG]ﬁHT%JLLNLHﬂﬂﬂLLﬁ@lGﬂ'ﬁY]’]x‘]’]%lul.L@]RZﬂ’]ﬂ



22

3.4 RANNITH9UVBI ISR B9 T RAMIILIBED

WANNIVNITHT 891993 Do TR Eu UL AN B u e N wsas (Ly) Yhwif
Aonadomdnduiminfifetwdwehunmarnodygalanld 1c,  vwthiivens
é’rgry’\mﬁl,ﬁmﬂﬁﬁmga%u iRy afivenud dmlyds ic, 1 i, axvhmihi
andlwd Ssezuasdygnm ac Wil pe sndwazdsdygalusy 1c, Gevimid
wasdymmanawRenlniiluiines uardedygindinesldurnefivauasdd dwmiu
Fiat 83 Fuduuuy 4 99 3 19 tRadandmunisia 2 wia wazdansarweno iy
potuaw melugdadng 4 4. mMsnuIznuwiauiu aﬁmfﬁlﬁané’mwmuqaqm
Hluadad Sy, 1Hafalufiom 200 ur #uadad Sap axvnwinfiBonusssudned ity
ic, lumsl5udss uszeiag 53,3a:ﬁwﬁwﬁlumnﬁangﬂﬂﬂﬁmuﬁamamuu%aLLaa'?Jﬁ

U I, 1Wwwuod LM324 Huaavuand 4 dalu 1 uwaina IFdlunevene
TynnanuwiednAfudhe Teefiwmusefizsadynn wiwluss 1c,, Tedm
inverting amplifier 44lw199388ATwE7Y 3.3 1M maaé’rgrywmﬁw‘hm 'ﬁ'Lmﬁﬂmaa IC 11
wilouwdyanmldiu 1C,, A3 1C.,, iy non-inverting amplifier avinwiinf

VNUFYYIUADIN 1Cy, latlfaias Sy, (Dudufandanuey lasfideaiat sy ot

(3

Adumia 200 PT a:fdameowindy 100 a%w%’miumﬂaﬁaﬁmagﬁ 20 mT
T ATIULIHILHIAY 1 1

fmsumeisalug e, wef LM 208 Fwihulasdygionnizuasduliidy
nuaas wesds ldsmandasdgnaainawmnsaniiuddasaleslt 1c, wad 1ICL7106
T ALAZLAAINARINULANAN95EAT927 IN HI uaz IN L0 laeldaiad S i

¥

wihfilaenusseuddslviu 1C wad 1cL7106 adygafiinanddiganitusidu

4

o

a A P e Y 5 ' & .
NEINTIAUSR '-n:m'lw,n@mwmmn@mmm:mwm IN HI Laz IN LO 3nui 1C, 3R
4

12U () AT D AURAINRFNANUUANAINIDUART R
9 1] A ] L et d
MIMITUTINUIEL ICy, UaE Gy YN WBRATINTILVRIFY N MEIINN 59

I3 i LI bt 1 A J
ﬂ’]N??ﬂLLﬂ@lOﬂ']'ﬁ’l'N"lWUﬂdﬂ’]ﬂ“ﬂEﬂULﬁﬂLﬁﬂﬂl“ﬁ"J‘]’Nﬂ’]Tﬂ(ﬂ@ﬂd") A%

@19199 3.1 LEAINTIVINITUVDIFIRNN VLN DR I

, . DIV 3
IWN1TI8 ARIVLILITIN
1Cap 1C4j2
200 UT 3.3 100 330
20mT 3.3 1 33




23

35a7
Tuundldiauanseanuuushaeissinswuudimanlaslierdidnniaing
WA NTUTINNG I@Ummammanﬁﬁwmmaam%‘aﬁmﬁv'wm 5 FIUMIMINEILN
Guaoud naSuRyyo menefygn Maand i meulseFygmenawdan
HIuFiaes LAzNPUEAIHE IumTinauuessonue altaiadifiudaidongums
Sauazdavnonanaasduaadliluaid 3.1



24

Unn 4

a ' =
NINAFRDIIATWIHLLALNAAN

4.1 unwu
'me{’:azl,ﬂum'jﬁwLauaNaﬁ'lﬁmnmm@maﬁwhﬂumuajmfinﬁl,ﬁ@mnaqﬂnmi
Wi Tagmulunsneaesfin sy S asudny s guasiamwma i am iy
UINIDY RS IIUIED AUIATEILARIN LLa::ﬂmamﬁﬁmﬁ’Jﬂamm’]ﬁmm:mmm@ﬁ
naio Wi Lﬁaﬁnmmnﬁ'mﬂﬁawaawﬁﬂ%uajmﬁn“l,wv”\hﬁtﬁmmnqﬂmtﬂﬂﬁﬁ

- = v &
LWBL‘JJ%LLH’JW’]J'L‘H,H’]‘JQ ElﬂLL‘]J‘]J‘H'JL“IiHL‘DE]i@B“l‘]J

4.2 MINAABIN 1 N1ITAAMIHUNIRENTAENTIY A HRA NEME209R DL DT
424 aglsz@eanimanas

1. onamouaI s TamnaLinanfiaeTu

2. IapanLULWL T e TS mn LA EN T naN s R

3. Lﬁ'aﬁﬂmﬁﬁ‘malumﬁmluumuamm:tl,uLLmé‘lv‘amnﬁuqﬂnm‘iﬁuﬁ@

FWIULALRAN

4.2.2 1w3nsiiauazgilnsaininaass
o Mo ' V- §
1. we3asdatarwynamanfianodn
2. RIS LUUA 9

3. qﬂn‘stﬁﬁ'n,ﬁ@auml,ajmﬁn

4.2.3 35 n1snaaad
' L . ] O L= .:1' v A 1 = = J
1. §22995M% Variac 910usaaw il vaaina Al Aaruiuudinaniiedw
2. MR UATZLERII VI T WRDITIIAD 2 LTURLNAT LAz 4 LTURALURAT
. a £ a ' = P & >
3. IR a e g w Nl AANTILART W LU IR BUESAIRINTY
' w oA A X
RWIULNLRAN AL AT

4 vmsilAnsansucta i fiuiuuais ginsTauasufinuai le



3UN 4.1 A0 LW IFIT NN ULA RSO F U URAULRAD

,:; A e ' o o | =3
3'1]71 4.2 ﬂTS'J\'ﬂlMLLH’J“UHW%ﬂ‘LILL%ﬂGﬂWL%@ﬂ%’]&JLL&IL‘HRﬂ

25



4.2.4 HANITNARDY

gﬂﬁ 4.3 P TUT STV INRIAYBILASL YA S 20 WRIIHIW 30 50U Duuieiall 5 @i,

{ o &

ANINARAIRILT BTSRRI INRIANAILANUAS 20 W14 30 JaU Huwadall 5 o
T I WA ULARIAL D ARW I U WALREN

1. HANINARRITALWITWI WA T B 2 T,

1430 pT
8.30 T

2. HAMINGRDIALUIIWIWATZBZHY 4 Tal,

MTNARAIAILT WS AN INAIANAILAUES 20 Wid1uiu 30 381 Jawadadl 5 .
T rgaaniuuAa i L ia FuINLULAAN
1. HAMINARDITOULWIGIRIN AL AN 2 T, = 3220 UT

2. HANTYARDIIALWIAIRMATZNZUI 4 3. = 2630 UT

NTNARALA T BT AFIINRIANAILANUDST 20 WHITUIW 15 39U NUUASFN 5 Tal.

T TP U WA UL AR LRI NLMLAEN

1. HAMINARSITOUWITUIUATIOENII 2 TY. = 9.6 LT

2. HANTINARDITAWWITWIUWATIDEW 4 Tu. = 2.8 UT

MTNARDIRILT WD VYN INAIANAILAIUDT 20 WS TWIN 15 701 VAW 5 a1,
T I FIBNTIUULAEIT LA R UTNLALARN

1. HANTINAADIALWIAIBINTTLIZWD 2 T

16.6 pT
122 uT

2. HANTINAR 09 IauwIAIa NIz Y9 4 T3



27

TIINARAIF LTS AT NRIANAILAII LS 20 Wudwan 30 sau dvuradadl 2.5 €.
T AT LRRIN L A RN AAN

1. wam‘mrﬂaaai’mmmumﬁs:m:ﬁ’m 2 .

102 NT
44 uT

i

2. Hﬂﬂ’]?ﬂ@lﬂBOE@]LLH’JTH’]%‘?ﬁzDiﬁWG 4 i),

MSAARAIR WA S AN A AV BIuaaUAS 20 Widuu 30 18U Juuased 2.5 .

TR IF IR U LREIT L AR FU WL ELBAN

1. HAMINARBIIALWINIANATZOZW 2 4. = 135 UT
2 HAMINARBIIALWINIANATZUZVY 4 TN, = 7.6 UT

INARBIR DU SR NANaNHILAILLDS 20 Wid1uan 15 58y Hauaiad 2.5 au.
T wn U LA R R a & INLULARN

1, HAMINARDIINWWIVUIWATZOZWI 2 T3

82 T
2.4 uT

tE

2. Nam‘mrﬂaaﬁmmmmuﬁi:u:ﬁ’m 4 1.

MINGRAIRAL TR SNV NN AILAILLDS 20 Wi wIw 15 58U DUwiaiadl 2.5 .
TSI NIRRT R AR U U LELHEAD
1 KRMINARBIALWIFIBINNITOEW 2 03, = 1.4 UT

2 HANTNAREIIAUUWIGIRINATIHERNY 4 Ty, = 55 UT

NMSNARBIRALT WS AN INAINNAILAILLUAT 28 W11 30 5aU JIU1aTed 5 T
T I VWA VLA R IN LA RUNUULLAAN

1. HANTINARAITALWITWIUN T HZWD 2 T3,

"

135 uT

2. HANNINARDIIALWITIIRATZIZNY 4 T3l

74 UT

NIRRT WD AT naIanasuasUsT 28 Widiwiu 30 sau duureiedl 5 o,
TSR NTT LA ST LA RU WU LAEN

©HRMTNAREI TALWINIANT T 20EWN0 2 T, = 314 UT

2 HANTNARDITAULWISIa NSz Dz W 4 TN, = 254 T
MTNARAIE LMD DA INaIAND LA LS 28 WU uIu 15 70U Juwieiadl 5 T,
TULBI TR UA UM RSIN LA FUINUALAEN

1. HANTNARE AU IW WA HEW 2 T, = 8.8 UT

2. HANTINARDITAUWITWIWATZDZW N 4 13 = 2.1 T



28

MINAADIR UTULTAIAINDIMAIANDILAIL DS 28 W TWI% 15 79U LUWIATAN 5 T,
LUULUIFIR N AULRRI UL WI ML LREN
1 HANINORDIIAWWICIAINHIZZWI 2 9. = 156 UT

2. HEMTNARBITALUINIRINAI TN 4 WU, = 11.4 uT

mmmaaoﬁamuma‘fﬁﬁﬁmnmﬂﬂﬁmum WUIIUIN 15 ToU DIWIRTAL 5 T b
WUITWIWAULREIT LA & UILLAILAEN

1. HANIITNARDIIAULWITWIUATZEZHIY 2 23l

15.4 T

2. HANYINARAIIAUWIVUIIUATZNZN 4 0. = 9.4 UT

n'n'ﬂrﬂaaaﬁ'wnwna?ﬁﬁwmnmu"l,wﬁwﬁ’mmu WWITUIN 15 381 RVUIasadl 5 1u lu
LUIAIBNNULRAIN LA RUI VLI BEN

1 HANTINARDIIALUINIDINTATEHTHY 2 1Y,

33.0 uT
272 uT

]

2 HANNINARDIIALWIAIB NN TLHZHS 4 4.

4.2.5 asuantmaand

AMNIINABBINUNFWNLBANTIAGD WA N Variac Aid1aussauldiylnaanss
wadlwih Wawewaeiinsmeingg lda arsuilaiesiasuunaiminuansig
fuoanly Fsarnmanisnasas mmmﬂ;ﬂvlﬁ’h v il e auuuaan 9s
dnadarfisnldaneissinmnundmanfiabete mafudmwiuseuvinlweiale
fJFi’lLﬁlanﬁu wdsiumaAnrwe Sadvasieume’ asilidiniteld SauRuiu
VUL TUEIWT B9 IWIAYARIA m@]m@]ﬁﬁ"nmrﬂlﬁandw:ﬁwlﬁ'@hﬁ"i’ﬂvlﬁgandwmmmﬁﬁ
PUWGLEN LANTED LAWY AW N NIaAIA N UAWINIAT 92 iddtann
WawsaSinanau Wi n ey

PNEANM MaRasaaInaiuLfIan M RSN aUBIF I VLULAAN fifinan
Qﬂmmﬂlwﬁnﬁaﬁm:uﬂm I@]mnﬁmﬂmmmmﬁnﬁgaﬁnmlnﬁum’aﬁuﬁa LRz
am;JLLaJ'mﬁnﬁ]:ﬁmﬂ@mLﬁaayj‘lnammma’aﬁuﬁ@ Tugmunensia  wswasifii

Auiwhdafilwnazaainifisedssmmuniman laands

i . 1 [~ 1 '™ i

4.3 NINEADIN 2 TAARINLIIRKANIASA TR punilasusianiaznssualdwin
Tvan

MM IMaaaINiIwHU waawaeitiadv g Ml iafmawsudinind
- J = 1 = l:ll [ L5 dl Q. :ll L5 J =1 q’ 1
Wedu  asdidawakdmanisuldaineosiaizedn  Innddsuutas  lasen

. & i Y 3 } e o A o [ = ° [ '
ammLLaJmanﬁmu"l@a:muagnummmma{ﬂuﬂﬂm FaINNNINARDIN IFIIINIIL
a £ o = & N = ' o
wnausaianwnlatmuzauiiesiiunlFlunseanuuy  Foluminesessaluiisas
LR e S UM A YDIVAR LD 20 TUwIasadl 5 IuAiuaT



4.3.1 qﬂnmﬁm‘mmam

- o ) = A w &
1. 13RO R U ULULRRNNIRTIIYW

 woudiieas

=Y 3
 laadiiens

~N > B W N

4.3.2 35N INARDI

. Variac 1419 220/250 17186

29

WU AN AIaN 2ILAILLAT 20 WiduIu 30 saUsAl 5 LlUuGLIaT
 wlauadlWiawia 2201220 1ad

C A UUIE 60 Y8R 1 924

) w , . o [ - v a ' = o _d
1. §87299 7% Variac 31uusaan LU lnaauialiiiaauiuusnaniiotw

2. ¥ Iusuusie it o iR uvndau)aefinsodu 50 100 150 uaz 200 1Iad

3. MAUATEIZANTEIT I U TIAD 2 LTURLLAT WAz 4 LTURLYAS

Y o \ 5 o oa & & o a
4, ITW?LmuL"Uagj@ﬂuquLLJJLV\aﬂﬂLﬂ@’lJuluLLu:]mﬂﬂ’]ﬂLLﬂ:ﬂqaéu 45 23@n

1 = H - J
FUNULULARTIVILNAY W

Bt = F" 1]
5 UUWNNHRIMINARDINIZUZEN €

Vanac

’ - —-——q Measurement

Transformer

(»)
L

UM 4.4 13T INARI

Load

A519N 4.1 HAMINARI I AIWINLTRANARAINAT AU R I ILUIAIAN

TZHZWE 2 T JTHTWIY 4 T,
WI9Rw IWHN (V) NezuA WA (A) | AURBILULEY | SO TIUANILULLEY
WIIMUAAN(UT) WSILULHAN(ET)
50 0.42 2.2 1.1
100 0.58 3.2 1.6
150 0.71 o 6.0 3.1
200 082 17.1 10.3




30

.:: O [l = 4=I' a LY o
f15191 4.2 Nﬂﬂ'ﬁ'ﬂ@ﬂEl\ﬂ(ﬂﬂ‘HﬂﬂJLLQJL‘Pmﬂ?’lLﬂﬂﬁ]qﬂ%NBLLﬂﬂﬂluLLu’Jﬂ"ﬂ:‘m 45 836N

SeUzving 2 T, | EBIVg 4 Tl
uysaulwith (v) zUE TN (A) | FENURIUUWEY | @1nNURIILIKIEY
WIIHALRAN(UT) WIILEAAN(T)
50 | 042 14 0.9
100 0.58 2.0 1.1
150 0.71 2.8 2.0
200 0.82 13.4 7.7

lumwmaaa;ﬁa@iaaaﬁ)wmgﬂmsmaaa MUYV U QLD INTINU

'
=

J =1 1 | T = |23 R dl 1 e
Rutwias 50 1ae seldnundautasiwiy 220220 Thaa mmagnumavl,vdwm 60

Jad N Tiuiindmasn s awusdmanluLdazanasuTea i
4.3.3 asuanisnasog

INNIINaRDINL N EMNLIRANTIReT Y asudsisanasnaanTruadisa U
wae nnfAudusasnszualnan daUSunrssuwuTuesdonar I Ewawtman e
iy dansuldanmsin lunmeaaswuin ammmmﬁna:ﬁmwmﬁugau“mm’tnﬁ
wrdsirinuaraziienaas otz ninaunssr ey o f S fenanniy Tugm
Aamirainisia  myialuwnesanniufianendnduiminesilwawaudunand 163
ANgIn mﬁm’tuummmmm:umf"{ﬁ'\;411 45 p3ETURAMINANTLULARN L%qwaﬁtﬂu
i luuwieiain Wanfuimdnfitiemunndioadoaiuwaiawsed Te

anluuuidug

i ™ 1 = i a e o H 1

4.4 NSNARDIA 3 TAAWINUALUE NMINAIINAGININANTTUR IHakIB

Mufinsuiuiuarin molusndenindeinizuaglva ziaawINLdREAN
a & = N A e g | e - = L W . &
AU uIUIBUINRIaN L nmuagnuﬂsmmmaanmmw"\mamUlumummmuu Tu

A v & - 2 a . . e , .

m‘smaamnwmﬂa’g@maawumLﬂmuLauaunumuaa"lwvh NUNUTEDEHEIITEININ
L LRSTEESROA R RYRIINE tRavnTiaawnwimanfitisana Wi lasiuesos

PV S a o O P P
Y]Nj’]\jmu'ﬂﬁln']jq@]LU%UULY]UUHULQSDJQJaujﬂquu

4.4.1 aunsntnismaaas
1, 13095 TOAUMULULAENNATFIH
2. 1iasiiaTaaunimanfiad el
3. TAnAnImILEd Wi
4. @19 WU 500 Taq



31

4.4.2 3 8MINaao

1. §i829970UIUNINARDS

2. fmrinsusaan 220 MadliiundelAsanuwimintumeludnih

3. neToafipTaswinudnAnInaIgm uazesasfammauananiaiiolu anvin
myTeawuimEnauuwILny +X uaz -X lapimualdsarisitivesganassaiuae
0.0

4. ﬁﬂm'*'s'aaﬁa’i@ammmmﬁnmmgmua:m‘%aaﬁai’ﬂﬁmmmmﬁnﬁﬂﬁa’ﬁu ¥
nyIeRwNLMANM LWL +Y uaz -Y lasimuatdgarisstivesgananaiugg
0,0

5, 1umﬁ@ﬁw.u@1ﬁl,ﬂ§aﬁmaglj'mamm:u:ﬁaﬁwwaamu 3.5 1TUALAT

6. ¥insi3sufsunaildnaiasilio Tarians

i it Jﬁ Ry

5111 4.5 299TM T IRAIETLAI IWH

u

443 HAMIMARADY

A15190 4.3 HANTYARDIIA AU TNLULRANATUULUY +X

JEE=¥g (cm) wdasfioTnuFowndind (uT) insdlaTafiatnetiv ( (T )

0 9.0 8.7

1 8.9 8.6

2 ) 8.8 8.5

3 8.7 8.4

4 | 86 8.3

R

5 j 8.5 8.2

6 8.4 8.1

7 8.3 8.0

8 o 8.2 7.9

9 8.1 7.8

10 8.0 7.7
o KT 7.9 76 )
12 7.8 75 B




32

A1 4.4 HADTTNARDIIARUINLUKANATUUND - X

d!l - s = &5 - AI =4 s F‘I 9 J
Jzpz1e (Cm) wiasmodaviawnding (UT) | wdevdalafiginedu (UT)
0 9.0 87
-1 8.9 86
-2 8.8 8.5
-3 8.7 84
-4 8.6 8.3
-5 8.5 82
-6 8.4 8.1
-7 83 8.0
-8 8.2 7.9
-9 8.1 7.8
-10 8.0 7.7
-11 7.9 7.6
-12 7.8 7.5
—e— 1ataofaiaifowelad (uT)

5 -4 |pdaaNainfadrotiu (uT)

? —_— e —

w3

2

3

-

r

=1

=

Trutvitg (em)

Eﬂ'ﬁ 4.6 m’mlmsmaaomﬁﬂaummjmﬁnmmmamu + X IR X

4.4.4 a'gﬂnam'mﬂaaa

NHANINaRasTaRwI L REnYadei A InTsualnarw Tuuuunu +X was

P § ‘ -
-X ﬁ)']ﬂ“]g@ﬂﬂﬁﬂﬂ’lﬁi'\d’ﬂ%ﬂjﬁﬂ{]?”] NUAULULARD

A A v oA w A Vo a A v ool ¥
Lﬂ'sa\jma?@ﬂﬁ?’\@muﬂqﬂi@ﬁ)dmﬂ’]'ﬂlﬂﬂLﬂﬂ\‘]nu I@U

BEUIEANM 3.3 Wasidue

ol e
Nnae

]
=

TILF

ldonelasilodaFawdoeiny

TV RV § -
030219 NEINNNTVUHIZUATHONWRE




A13197 4.5 KANTTNARDITARWINUNKANENULUUD +Y

33

JxUTY (cm) winsliaTaBamdnd (pT) | wiesiladaflaiielu () J
o 8.9 8.5 |
! A 8.5 8.1
2 _ 17 7.3
i B 6.8 6.4
4 .9 55
5 5.1 46
6 4.3 39
] 7 38 a5
o 8 33 2.9 |
e _ 28 2.4 .
10 2.5 21
1" 2.3 19
12 2.1 17

A15197 4.6 HANINARDIIAFWILILARANA UL -Y

JLEzWg (cm) wiaaflaaBewndiad ( uT) \iasdiatafiainadu IT)
0 8.9 8.4 |
-1 8.6 8.2
-2 7.7 7.3
-3 6.8 6.5
-4 5.9 55
3 5 5.2 46 N
T e
-7 _ 3.8 35
8 3.4 3.0
R 2.8 2.4
-10 25 2.2
T 2.3 2.0
12 _ 20 1.8 i




34

—+— wdnsnfiaifovndia ( uT
- wkaalpiaias ot (uT)

AuubmEn (uT)

srpiuia (em})

FUN 4.7 NTIUMINARBINTTARUINUURANUUUILNY +¥ URT -¥

4.4.5 ajﬂnamsnﬁaaa
PIMHANINARDITARWINLIRE NUDIA WAL NI IRARN TILUIUNY +Y U§e
1 L7 J ' ] =3 =IIU = : r=| Q- Y = s

Y %’m’gmmaaaﬁa‘mmuﬂﬂngmaumLmmﬂnm@"lmmmﬂ%amammewmmﬁnu

A a4 owod v A AN s = o v oo P I VI S | A a
WwspdtladafrN ud 1R ladelda 1 lnaid s laufiinIasiiatafad et wizlidrBanana

f 5o & il = .:l' =Y ! q' % J A a L7
agﬂ‘s:mm 3.3 L, UDTUa FUILLNMANIAaY R INTANAR NI nIzI AN W REATE
Qs i E=) d’ =3 1 e A a 9 .d‘ L2 a
ﬂuammmmamﬂmmmnmemﬂww’nmga fnammmm‘uagan“l,@mnmm@aaam"lﬂ
L‘ﬂwﬁagafhwﬁa'uaamsﬂum‘[ﬂmnm TLW n bidamuuimdnfitiaan e
“lNﬁhLmgoﬁ%:nm'ﬂuun@iavlﬂ



35

unn 5
Tll‘ittn‘iu Transmission Line Workstation

5.1 UNH

o=

5.1.1 @oNiasnTIvmes TLW Lﬂuiﬂmnm‘nﬂLﬁammamqm‘im%’ul’ﬁaaﬂuuu
GAIIERITEY uaxé'wmmmEJﬁmmﬁﬁayj'Lﬁ;J an‘m{fﬂ‘s:ﬂauﬁaU‘[u@aﬂaﬂmmmuﬁ‘ia
masnleuusnidudas: wieazltiwiwaanluunueg § eéail

- Awnzilazeanuuuassligndasnunzan

- AWNIE LR AANLU DA B RS

- AATEAURZANUUTININ

- ARG LAWY

CFerevuazoanuwuulasaaing

Wansy TLw  lugardaulfouus MS-DOS weilutaguldawinyasn
aunsnanad e 30 wazldouldiduiuwiule’  SeliRulssAniwaaims
aanul1 LLaxﬂ‘gaﬁgaLuﬂmm‘saanuuumuﬁﬂ@ﬁlﬂuaﬂ‘na TLW  §381anansTiginas

(help documentation) s lTEnw e NuEdlaTeazBuase 9 ladiouaznaii

' &
=) AA o F

1J5znauﬁ’un’mmmHmﬂugﬂmwa A2 2 ums 3 N6 Avialddnlanaawtvasnis

aanuuulaaanay

5.1.2 fNBMIaNLLATasnauR A Adaans ACDE LINE dasnnsasdisznau
19 9 vasnanRILAaITIR

Isiwaans 80386 awlil wiafildlanu PC (compatible PC)

RAM 19a89tian 4 MB wiaunu memory 3% Microsoft Windows

Hard disk SUn9ae 900 25 MB wieurinAuiasfi windows
goan s brsulasunsy

Microsoft Windows 3.1 ®#3aa1nnin

PIake %‘%aqﬂrmrﬁﬁl’ﬁ’%@mw

28NN VGA ﬁ%aﬁggqniw

Garilady 3.5 fn

5.1.3 3B sandasadiinms  Executive rioumidassariilalusunsudu g
fou u,azQ‘l’ﬁ'ﬁaaLwﬂm"mawﬁ'aL(ﬂafﬁmﬂﬂ@nmmmﬁaamwao‘[ﬂmnm NI
GWINIAORI Executive riamﬂué’mﬁ’uLLerQ'wnIﬂSLLﬂimﬁv’q‘Hm

J3anaaefiun Executive

1. & diskette 11 1 ulasWuasnanioeas



36

2. natu start LRILABN Run
- - PR § Y - ¢ b ,

3. NUW a Asetup (ﬁa“lmwuumuagﬂmamwamamu 9) MNHUNALY
OK BLRSFNEIUATLUSUIUUIAN W §21871LH1uN1T Executive atgﬂa@ﬁaluﬂ,mmm‘% TLW
30 laudaluif

5.1.4 Executive Main Window w1613 Executive 1luninensusnfildidnti

. v . Fue o A .
lugads 9 vas lsunsy TLw Tuwbhsihsiidlfaaninianldlasauluganeg was
Tlsunsuldamuenumunz uuaIn s hram

madlaldsuntugemuan Hilasnsdudaninunlonauiiaaanis

5.2 n5lz91ulaga ACDC LINE

5.2.1 U1 ACDC LINE lisunsy AcDC LINE  dsznauludaniedaadadnen,
g 9 waood elFAnewgansuresdngnsaiawa il urzswauRANT
fisnapds AC uaz DC wazduds ACDC uwuulawded lsunsusaunsougasniw
m‘smaéﬁmaa‘mmﬁalﬁ’l,umﬁﬁwmmm’mﬁ;"}'l"fi’lmﬁﬂﬂl,l,a:a’mnnﬁwmmcﬁi’wﬁw 9 la
dait

UTSRWINILA S UYIN R0

—_

Cenuampinlaliw

=] d‘ LY L5
O RmanE o lafinle
. ﬂﬁmumummﬁ%ﬂq
olaw
CawuTW
UMW LA DY

nTzuElonow

o o ~N O ;AR W MN

Cszuenudusuw Wi A Iwsan e

Al

—
o

. mﬂ%aﬂuﬂﬂﬁﬁﬂq

11. matlesnuainiag

12. FWIULULAAN

13, msidenawinuuiuurasnisdwilon vufitawm

522 @nilaunsay ACDC  LINE ldsunsy ACDC  LINE  dszneuldénn
lilsunsutizusing 9 watolisuniy f‘?iaQnﬁnmnaJr‘TuﬂmﬂLi‘ﬂu‘[ﬂiunmﬁamﬂﬂﬁﬁalﬁ
A 9 vasmndniloAuin Lﬁa;&‘lﬂﬁsﬁaﬁamﬁgﬂﬁm Tusunyuazlasnead
f199 manmamwliddaludd lsunsuaunsniinged uazanuuuaiufy AC, DC, 1y
Fmmreiaaess ACDC wuulaifed lasmafimuaszozdiy 5 vesamodsia:

&1 EJﬂT]’J(?'T TJJJﬁ\‘ISZ TR RRLI DI Lot



37

Tuwdazlnssnulusunsudwimsosaing 9 ldsoil

1. @ AC dwanlans 12 e

2. @WE AC Waz/M3a DC bundles §uankldfis 24 bundles (3auiduidllnuas

A1UN37136)

3. fwr e hdassld 50 @

4. TR TUDIRERILUUTITUM UL W TTTHA
5.3 (3aun151FaulUsunsa ACDC LINE

1. dalalUsunty TLW 3.0 Suanfimiene Executive aztminglugatisuat 3
lu@alﬁ'ﬁULﬁaﬂﬁnﬁ ACDC LINE 3.0 9= léwiensuaslusunsudmnan ﬁagﬂﬁ 5.1

2. ﬂ‘énﬁm% File ﬁ]:ﬂ'a"]ﬂgﬁﬂﬁ"ﬂ@hd g/ Tuan idasmiadorudulwadldidan
New Project udluftiiasiiunisanwnlilsunsusaaing (DEMO) riawdavnarudilalu

mi3ladayssn 9 dowuifan Open Project \alRanywhillagudq dogiii 5.2

Wirdows KP Frofessiony

517 5.2 10 file lulnuanisvinouene g



38

Stap fute  Dale Modiliod

PR
4 il fd

L% PUL 20 Jun 97 27 dun 97
-

INERWN WMy 01Mm

“eth i WuoE 8 neutial

o] e

Umplegs detaad infamtion b0l the hacind pemct

fian Maddwd
51 ST 0. % )

Loae Deruriphion Hazoid Comand
[DFRO S Hylmd vome 300 0WAL s +/ G0 EVDE welh o wurr L Apatial

e | [ eeew ¥ Han |

Disstays detossnd ilmation ot yeneled Care

Bl 't MFLF Toe 1wt vl 16 e i FILikt

U 5.4 laazfandand Project Name

3. axtinglaeziandand Open Project 4uan vinmsiian DEMO 3A luuma
vugeziinoazduavoslananulutas Description : Fmanedamansoutlale s
neYau OK 65'1'\‘1311"71' 5.3

4. WlnazRantfond Project Name a:ﬁmﬁLLamﬂm‘Lmaﬂmamu“ﬁuﬁmzﬁ’]a;j

LEZTHRZLDE AU laT9 91T INBRAINIY OK @Tﬁgﬂﬁ 5.4



39

Case Humber ’-
st Hame 7T o s

" Stmt t1ala A L ask Lhangad ,_f‘__‘“"__

Comtss Deitimptinn -
01 M00A Db cass 145 RYAL and +7- S0 EVDI wlh gt wina L nachial

[Chem ] R [ ]

31N 5.5 lanzdanidand Project Information

P = - &
31 5.6 laazdandand General Parameters

5. Tusunsunzuaadlaazionfand Project Information Tafitasdns 9 uams
T-azdpavaslassrminesiddlimunsoutleld snciwluies Description muung
13 Next Lﬁaﬁwn’nle&ﬁaya@iahl ﬁagﬂﬁ 55

6. lulnazaaniiand General Parameters =1T94989 Measurment Out %auacﬂo
Do st leanaertlald Fasdasimadannisnnitudn Project Twal 11t
§ w3 UT09 Fregancy &10135088N97N drop down menu (50 Laz B0 Hz) Lazlutay Case

Deserytion ansouilmAudnlddiomuiu 3niuneys Next as3iUfi 56



40

7. 9xuninglaezdenifand Execution Options Suan Feezutananiiu 4 Wade
l‘ﬁqj @0 Corona Calculations (average height), E-Field and lon Calculation (actual
height) , Magnetic Field Calculation flFmansaianiadiotisusg 9 lonaanlutosined
@adn1y WIToHpue fanumanueai

7.1 Surface gradient LﬂunﬁﬁwmmmLmﬁumn?}ﬂuﬁgaﬁg@ﬁﬁwaaﬁamﬁsxﬁu
mmgamﬁn ﬁwé‘faanwﬁwmmﬁﬁ:@’fum’m;gaﬁa ¢03lT Efield and lon Plots %nN3
AUITh

7.2 Corona loss lusunsuazaiammsranusasaugydniissnn  lalon
PaIEBEINI AC URz DC §1MIVaIIRNUENIFIYEIEnE DC 9la1UEsIRN W
BMANNWENINAE

7.3 Audible noise \Dumysnwioudeefifieonmogs lanld3t EPRI-HVTRC
1az358u 9 fia BPA, CRIEM, EDF, ENFL LAz IREQ

7.4 Ozone umidmwindwinuaclalaufitiaanaiiudazidu wasamansn
ﬁﬂuamn15'iauﬁamaalalﬂnuﬁLﬁuﬁuﬁqquﬁgan’hﬂnﬁ ﬁizﬁummgamwﬁﬁaami
mﬁa‘ﬁuaunn 9 3582119910 Right-of-way  Lalouiifiatuimiangy Jaud dolud so
Al mrwdsslalouiiiadiudwimds 1w de 1000 §Fudm Gewansi
Lusnavaslelamn 1 Lusna de lutanavesfimedns 9 lusime 1000 Suluians

7.5 Radio noise 1UTuNINIEIANTIOMINITE uarRuldnnTAnuiARD was
m‘smn’mﬂ?iu@nw?ﬁﬂqaanm 2 61519

m*numuﬂﬁumwuﬁ%ﬂqﬁ%mmﬂu dB alsove 1 wim® maoﬁaﬁ,’m@ia:n@mﬁ

Az WA WaIUIWAENY |, L1 rain wez L50 rain

=

nITunwaAReNuEInafiaaie 9 v dB Adwihezuastunans |, Hu

q

O v o A A o El \
ANUWN (L1) wazd@nzaIdutan (L50) mmmzﬂm’m@mmnmamUaanvlﬂ‘lu%mwaa

2

WOLRZLGS
7.6 Surface gradient IWIMTIAUNTTLUGIFANEIANINIZALANNGINS
padwiar lelurzosna9ta9iE  (midspan)  uastFonly daunnnitwadwieinnis

dmaniluiatizlue Corona Caleulations filfANugaLase



41

Covara ca.’:ﬂ,um;.. [Ave o Hiigine)
I Budgee Giadwht
[ Cenona Luse
R Auddle Nous
bt Divne
1% Radio Hoir:
& Fiotes anil fon Lalculations sl Hangit)
% Surfais gradnt
¥ Finctue Fiald and Inne wbowl Shiokdng Dbjects
¥ tiancation t evle
] Cinaphing wf et gnil Shialding of Obprta
Wapnati: Fisdd T daloton {Aciuel Howht}
LR
Insiman Anap
I Switchng Suge MaHmsach

1% Inmdatzr Comlaiamiin -

] ol e ) (i)

Nt AR ot somits sl bm sbamuind  siboet DK ot MEXT.

51 5.7 laezdanifand Execution Options

7.7 Electric field and ions without shielding objects 1MIUAIDEI DC FxUINL
Talswidws | enanuduamalain, anamwiuiunszug DC gIgaussnuruILi
'laaauﬁaq@]flu‘mmm y mnagmﬁanmamu FIMTUDAI AC W T @ 9
MINfenagans 1w danutuaua Wi goga LazeEu ¢

7.7.1 EWILUEARZTANENGTR DC sreumalalomBusaimnnun  Augu
gnwamauiinuezTwaenidoanba (w2, I LLamﬁﬁauﬁaUQu) mw"ﬁ;pﬂ“ﬁ
gyl wszaanInuaasdansuaw Wiy oC gogali 2 dnwoueld Ao
s Iniada (Lidlelsun) uszdndudn (Lalswigeaa) wiaunuaaRuEuEn 2
A1 B fAUNUKILULNIZLE DC §IEn URTATURUIUURLDBOUTIFA UATA119
doliumaodiauy DC uszarwwwiuinlesoufiszozsig ‘] ?@awnwﬁanmammlu
RNWEINIFEN 9 N a8 01N wTanluwnaty (50 Waz 95%) Waztuan (50 Lz 95%)

7.7.2 aminusazgavaInguail AC grssHasnTIzLEadnawa Wi AC
FIF6 . DRTIRIUTIUNUARIUAZUNWIBIYDIT | pofsznatuwas | pesdszney
LUIBA T LLa:ﬁﬂﬁlwﬂﬂumn'mmmqmm 9 fifwua

7.8 Sensation levels ‘[ﬂmmmzﬁwmmmmwmﬁuamﬂﬂﬁwﬁwwﬁ;ﬁn”‘.ﬁ
wgasoanyniweay 0-5 davinl¥miuisnanousuen 9 maaqﬂﬂaﬁtﬂ’ﬂiﬂaglu
awLadoud sz6 0 Lﬂuﬁ':ﬁumm‘gmmﬁﬁau WAZFNEILRUINN WERIFIAIINTUILIY
flan %mmUﬁaﬁﬂﬁgﬁrﬂmmuﬁd

7.9 Coupling of object and shielding of objects 1UsuNINA=ETHARHIVAILTIA
ﬁL%auIUﬂﬂﬂ'ﬁ@Qma g luszoz right-of-way (@unthmasaadnilasesin) Ll
Nafl,ﬁlﬁﬂmmavl,w“w”\h%uﬁuﬁﬂqﬁgﬁagﬁuﬁﬁaLﬂﬁau”l,mvl@\“’[ﬂuglﬂﬁ’[ﬂmmmﬁwj R

8911 w?amﬁuﬁaﬂﬁﬁagamammumnmnmiﬂ paruIBI TR



42

Magnetic Field Calculation (actual height) Lﬂumsﬁ’\mmﬁ‘iw: mmgaiﬁa
28967390 [ﬂnmm’hjmm‘mﬁﬂmmmuamwnﬂﬁﬂnmmﬂﬁwuﬂm‘lﬁ AMNGIVD
dvianvezalfowetas e uTzpet s mmg\'}ﬁuﬁﬁaﬁmw:mnﬁuﬁﬂﬂauﬁa
ﬁanmomaonfjmﬁ?ﬁw mﬁmm:awﬁa:'lﬁlﬂugﬂﬁﬁmucﬂmu@@ﬁﬁmummmﬁa:gnﬂwm
AT Lﬁaamm:mwﬂaumumaammmw’n (longitudinal location) g@ﬁﬁwu@mmﬁ
ONUNINATHITE ﬁaﬁuﬁwﬁﬁwmmaanmﬁazmﬁuuuﬂaﬁuag}]ﬁuﬁwﬁ'lﬁ%’umﬁalnﬁ
Ausznzisnanaen winlndiumanas

7.10 Magnetic Field TuanuitlUsinsuos 5199059 9HAEWE AN 2 @139d0r
fa @anszuFluanuvas

7.10.1 NENAIN AC uAMIENIzLAWALLDY (F1239), FARENIN LALTUIATBY
nyzuad) TN ied uiians OHGW

7.10.2 mswﬁu’mmmﬂﬁﬂﬁg@ma 9 119 AC uar DC AMMIUNFNaM AC oz
WA UNUAR LRSS ATTHIWI TR I I URANG BUNIDY AU IENDUATURUILNE
LREUEN FMIUNGUAINY DC azua@IdawIulnin o gaee 9 Tuasdusznanunies
LAZLWIUAY WHIHUDIEWULIIRENT IR 88 Tadg

Insulation  Analysis m'sﬁwmmi{mamqﬂﬂﬁammu’nam'ﬂunmﬁmLWa*’ﬂQ
naduaawIeY uazmIRanawIULLLNY 9 uuﬁugmmaa%aﬂmﬁauﬁanﬁmuuoﬂmu
mMylemzinistlasiuiim Jessilale ol Tusensa Multilash 14 TL Workstation

7.11 Switching surge performance LHumidinrmeienuiiziduvssunasla
natvsswiwaadlumauianasiuan wszsaasiwiefimuzay Tosunswesats
mmaﬂ‘j’uu’n?ﬂuﬁagaﬁuv&ﬂﬁﬁwﬁryﬁq@lu@mwﬁ 3 “CFO Data” (critical flashover
voltage) ﬁﬂ’aga'ﬁ'Qnﬁwmmﬂfummaan&jmﬁaﬁw@w 9 Tue197 5 AT mospheric CFO
(correction factors) uaewfosuilufiomanzay w3 aserneraUsnauldind
Switching surge performance ﬁgnﬁwmmﬁum wazenaudvzlusaunatloinasln
RN TLRILE NN

7.12 Insulator contamination UAAINRIZAUTDILTIABUSET UMD B HYEIRHIR
wibwiuITounsinrievesnuimuazaivgr  lwwateiillsunsvazahoonssiu 2
aPRN Lﬁanﬂmﬁaym:ﬁmmﬁuﬁ”m:ﬁumsﬂmﬂvamaaamu UAZURAITDUAA WU
A TUamImn

8. wasniuezilnnglasziandend Circuit Specifications-General Juandyls
fmulatoyadi anglildadt @Tagﬂ‘ﬁ 5.8

8.1 TMUVBIMFNF NG I Lﬂuﬁ’mﬁ;d"l“ﬁ'un“[m"laj‘l@‘iﬁﬂﬁwaaﬁﬁa 1-23

82 dwauvaeivay awsnlddnldaaud 1-24 Fanaatiin 1



43

‘ {
R

Emt] Co | w ] Voug
g e J1ha B i

T T
TR uma s
-
4]
5.
A

10 148 B W
LG onn

o 5 . . _—
31 5.8 IaazRanifand Circuit Specifications-General

8.3 1WIaINE ﬂaga‘lumuﬁl"ﬁs:qgﬂLLuwaanfg'mﬁ';ﬁmaumﬁmm LR IWE

YDIFHES AC FIRLAEIE AU A-L wazdaulisunsuazlallavanludd

A-L = nauamanin AC

DC = naumwel DC

G0 = FENTINGLULGRED
G1 = swunmaueauniluaing
G2 = {14 neufral YaJI3zUy DC

84  ueu dWearida 500v éwiumods DC IRldT909usodue wazans
NIIUGNNUULWIaR18 neutral 9949 DC laen 0

8.5 n‘a:LLﬁrL"ﬁ‘mui']aﬁgﬂ'u laenszuanwiortalunsdiauss DC

8.6 ymwaﬁlﬁmuﬂagﬁu dyuaimanunia Tsunsuazldlwdaluds
IINBNWT A-L

8.7  fwmamanihzavivatdes dniuladdiwiudnihton adwaarida 1

8.8 HQNﬁaﬂWLLUUﬁS§yﬂ1 ﬁaaﬁagaﬁuﬁmgﬂtmwaaﬂa;yﬁ?ﬁw (FITUA A
Tizysway laedh v fa “yes” LﬁaLLamdnﬂuﬂfjwﬁ'amﬂnﬁ wsr N fa “no” wiungu
dvfilurssuaauanaasitasierwinedba s it TR L ) PRNETLI
wigsluuumineaasmuldmfauiuanesgiu

8.9  Wnaunw X ludumiinaanguasdirinawuul cross arm

8.10  WHAUN® Y LﬂummgwaamUﬁ@“mmmmana{

8.11  J=HZRUAULY LﬂumumLLnuéT’asw'm'iwzﬁﬁaUﬁqmaamuﬁuﬁuﬁu
Unéasi midspan

8.12  TrULTINEY @1ASUlERNTzEETEwANILEN



a4

813  swrrsnminaidniuladieiiuinns 2 UaInieslan uWuEny
L =3 d (=] = 1% i L kg
gmmaaamauﬂuﬁ;@l@nimw il@m{ﬂ nian1H WA

9. leaz@aniiandazAanfand Circuit Specifications-Regular Bundles iiw

]
=

VL@a::ﬁanﬂanﬁﬁw%’ulﬁﬁaga"uaamjwa’lmﬁamﬂvlﬁﬁwu@vlﬂuﬁa‘ﬁ 8 Tunuazifog
69 9UaIRBIRIEY danaedluzUn 5.9
10. wlapzRanidand Circuit Specification-irregular Bundles &13130La¢16139)

maaﬁaﬂhﬁhjag}lugﬂLmummmmuﬁIﬂiLLniwﬁwuﬂ ﬁagﬂﬁ 5.10

&40 P Bt | Pealante

Tiamte: iny [T T
Hara ol Dttt | oA i [
i .
[raxr T~ 5. X 6.070 [T 0.250)
e | - w8 wnin o 0260
DFAKE 4572 81 0.0 o.070 0250

1A .o (4 2140 2220 Wi
1205 " .20 . 2140 zaz0. 0.770
[ NICE u.an 9 EREI] FEL 0090

H

el [T

i, &7 aryti C revin vl b panoilet

i
et
. gz 2l
arpag | chedenl

‘YHIIASHH r3 nun 4 (LRI o

THRASTIER » | 10.4B X LLE anie

THIASHRY = | q0.4n . LT uu
e

DASIER v DA . uusn WwIg

- THIASHER + | . X ; 0.030 a0

THIASILE -

Pl

P it

3111 5.10 laaz8antiand Circuit Specification-Irregular Bundles



45

Longiudinat Lovawn i
Foxt barvat - Talnl tnciemnd oo -
vt [ e 701
U Aot iosewat :

Slap []I'l‘ll . e
Iotored Joud It friwreed - |7
e st [

Secand latoival - - - .
St [FFET
s [rar
totoeva, (187777
Vhwd Intarvnt
so- [iidET
Stun [60 W

e fEgaT

Eﬂ‘ﬁ' 5.12 laazRanifand Lateral Profile Specifications

1. anvuezldlaazfenifand Rightof-way Descriptions #wiuldadaus
Gmugamaamﬂﬁaﬂwns:ﬁuﬁwmme:ﬂ"]mw;Jéfmmumao@u ﬁogﬂﬁ 5.11

12. lwlaezfentand Lateral Profile Specifications 2ziizasitedwiulasnay
10 Ta9 tHumTinnansiad e sunIEng Z usz X lasaiuuuwinnu X fua:ﬁ’mmuq@
@mﬁ@fﬁ'mu@Laﬁumlﬂwﬁqa 914 3 14 ﬁagﬂ'ﬁ 5.12

13, lulaazdaniiand Profile Probe Characteristics UWRAIRMWIN M THUD
ffLG\E]g’j’la(ﬂﬁ%da%igdﬁ]’lﬂﬁul.ﬁﬂ@mlJLLWJLLﬂu(;?J LRSUNUWAY 2995 TIaLDuuL ANSI

¥#3a CISPR Lmzmwﬁi‘nnauvwﬁu’iﬂqﬁazfﬂ \ﬁagﬂﬁ 513



Mriophons hoghe abusp graond too AN paldes

Dzonr: anna daeplipn ler argan puliet

Hesght abaves yeound by atril podimg (1 00
Ionipr 2t lacal o 1w vt prol e E'}-,_,]j"

Datoiim Ao I B g ool e
. Iowght ahipve o © -F"“
Froguency: [0 50

Dotecnin ibuniz, | AkSH

Wote haighl ahuve: el fon AL K ik grofilgs .. [1 -
 Maiod Woighl abnve geenind for f-tiokd puatins [T

e = I |

sue | taref1a 3 sl it gt ] 3 0ikzge e T

7 mmen Wi - {TEA T Fmth

Pulecily Faveinale

Atin Buration [hbwar)

Panond 33 a2

Mndiat inn iate

LE 10 ralc

Snerme Graatwn (hamae

(og dunbwrd haiwe]

Trme Iog Har 24 how cleck}
NECENRCHGE (o onlagee it tolid 100 X
Fan mewches {8008

Four o g Ry {1000

sl o

fain

Srew

Texal:

Tolal ghnken o ot .20 dgbo.

Vo FT o oA L.

31U 5.15 lnazdanond Weather Model Data



47

Agu R
A% WOED RRDAG RO HEL]
I+ 1vwmn onue 10s.um T
Toamasn e 140
0oy 68500 21t
0oUl RN 114K

51 5.16 laazRaniiand Shielding Object Descriptions

14.  laaz@anton® Climate/Weather Data me@hm’m%uua:qmmﬂi’uﬂu
oo limansoiianidain drop down menu wia laaslemuanindiiodn  uas
ﬁaa’[ﬁﬁa;&ammﬁmwﬁfjaNmumﬁv’amnﬁw ﬁagﬂﬁ' 5.14

15.  &wsuleaz@antiand Weather Model Data 9ziiuniaiiwuainuazsbue
anniamARn Y199 fa szoz canadpfluanluud 1 5 druannsefieuaniy 1
Fu USanosineuls 1 54 L5 rain rate fig dnRanminHuiianiiuni 5 % TmTarin
senziaanfiduzanly 1 T4 szoznaaisfivuonas afGulnean lungudaya
Occurrence  (percentage-must total  100%) fuﬂumnaﬁUd’\amwa’mwaamﬁu

Wosidue HaTudadyinniy 100 LWasidus Azl 5.15

I6EN Mhpad aemn Eo-
0016 152,400 T ITRRTI T L N
nato : ;

o ap

3040

1 [Cranem ]

S s 42 Docaini

U 5.7 leazRantiand Coupled Object Descriptions



48

16.  luleazAaniand Shielding Object Descriptions wiideysuosianay 7
mﬁ@ﬁgnﬂnﬂaamnaumvl,wﬁ'um:ﬁammmﬁ’mumﬁmau‘lﬁmnﬁa 15 wia  flT
musnimueda  uazdumisesiag ldlagszadoiumtmuasaiiaseg e
nnes @ﬁ’qgﬂﬁ 5.16

17.  laesRantiand Coupled Object Descriptions mi@ﬂ'a;&aﬁﬁm‘[wﬁu
ﬁmu"lwﬁwﬁpﬂﬁ’ﬁmumLm“lﬁﬁﬁnumwaamﬂﬁﬁagaﬂéhuﬁ'mj"aﬁ 16 ﬁdgﬂ“ﬁ 5.17

18.  leazfentiond E-field and lon Plots 1ulaazfandonsfirimuadidwsy
waaaaawa Wi uazlosen (unsgiffisvss Do) ﬁ'n*?mqﬁgnﬂnﬂmmnamﬂﬂﬁn
Fa317 5.18

W Lt Pradibo %

§ el uchsd | ocaban - [76.20 |y

Protibe ntomdion - -
Yl ! ‘"l “‘ o rl;i_-._. '-.
[T I Y ;

Insimment | 14 [

H Comum mop T
| tusgkudindd rdomatin . -
s [ian T g FRATT [ ',;_43
S [T6.20 v . _Su.q' EG |
e S T s I

o ) |

Mushol af idenlicel Iowors ws et reation bong smded . |2
The 1% - grohshidly penrvolade fpu | -

Tha 993 - aabatlly cvoontos iwaf 1 10

Rutio bf saretarg and uvenwolagh 1o imtrang end bvarvollags -
Aulabe 3 uswidely (%]
Emamwiic: Prnasure. sy [Hal
Baramatre: Hecsuld, timn [Hy)
Temperalins, iy
Fempesaiae o [AI00

- Santtasd dersiativn (01 Fuhoves pjebatslity cak o

31 5.19 apzRantfan® Surge Performance Data — Part 1



49

311 5.20 lanzdaniiand Surge Performance Data — Part 2

19.  lwleazfantiand Surge Performance Data — Part 1 saninlaenengg
"lﬁﬁaﬁmummﬁﬁﬁoﬁﬂwﬁag FWEINE LLa:Qmﬁ’ﬂwm:maoa’%wﬁ%u%{ﬁl ﬁogﬂﬁ
19

20. leazAantiond Surge Performance Data — Part 2 isznausiotaua
Lﬁ'mﬁugﬂmwamm Funtsvaaimulaliun @1mﬁnwmwazeﬁwLmﬂamammw‘%a
NENEIN ﬁagﬂﬁ 5.20

21. ﬁm‘%’u"lma:ﬁanﬁanﬁqmﬁwﬁa Insulator Contamination Performance
Data Lﬂu‘lcﬂa:ﬁanﬂanéf&m%’ulﬁﬁagamammu‘[ﬂmﬁagaﬁ% 3 ﬁazgﬂiﬂmmﬁmﬂ:ﬁ

panulRAR T aN T OMWDD 38w I LT ﬁagﬂﬁ 5.21

gﬂﬁ 5.21 laaz8aniTand Insulator Contamination Performance Data



50

& AL Oyt Browink o5

CALEET DIR A Dy ad cave M i and wow T LY winkoar ernes sow

[Nt

3U7 5.22 wafildanniasulilsunsy TLw
22 mysuldsunsy reufaziulisuniuezdas save MdFuraulaoidan Save
Project 9niay File udianuwiayinmsiulasiion Execute Project i 1iy Execute

A e =l 2 J’ i e 3 Gt L 1 #!I -~ [:3
lihunsuazlsiainannuiate BYRBENUTIWINAIT AN fudanldlsunTudnan



51

YN 6

n1snaaasBlusunsa TLW TusyuvanedsIndlnsege

6.1 UNu

luunifasdunnieuweninaaasnisldldsunsy TLW  Sauiumimaassae
sunalmanuazawn Wi mnszuumadslwiusigolasnsiloudmniianie 9
Tinulsunsy lapyinmstinueaiussaw nIzle Izus sag wazwaiRouutaslases
inlisufisuiueissTamnuusiminunasgu uazieasiaawnanianfiainedu
wnemsanaTLUaswiaslUs Enwwinuuanssssans sz sunLaiAan
Adetu londermaussuuasnssusszoe sag amaasuiiasly labgHauDd

anugnaamasmmmaanuazama i iniwllmumogugvialy

6.2 Taniszasdnimaaay

1. WalwiFunnvasusesuuaznszuataonutssly vinldTinademuauainin
uazawa Wi flAaluszuumede Il g

2 ial¥iFnEna189MTUaEY phase sequence TITHAGDAWIALIBANULAL
amw”lwﬁ’wﬁl.ﬁﬂlm:wmuﬁﬂﬂﬂmmga

3. iioldidunaaiszu:  sag muAswlasll yldTnadeomnunsiininuas

gu Wi Raluszuusess Wi W3

6.3 m?aaﬁmm:qﬂnmﬁmsﬂmaaa
1. Tdsunsy TLW

oY g
2. ADUNILADY

6.4 35N1IMARDY

1, fmsilournmfiaasena g 1w ussdu nasus yuiWa uRTzoz sag avlalu
l)sunsy TLW

2 yimsSu R s sesann 500 kv 1w 230 kv Taplinszuanlnalumssed
dnnaf Fnmaiulysunsudanadainylwihusssw i ind ld

3. ymssuEpunteeafilnalumods Tasliszauusdudained vnisiu
TdtunTa nasnawnyiniuazaunausimant e

4. vmsdiunldnuszor sag uazinisiulusunsy funediaunnWwiuas

[ = lﬁl L g
FUANLLRANT |



52

5. AATIERHAT L@ NN TNARaIINMTUS UL DUWITIIW AN 3 ap7d NEINE

s lsdadawn Wi ez swvuivEnf e naioas W LT 89

6.5 LLHWEINVINARDY

]
u

U

3 2 36 JE I I IF I I 36 36 SEE 36 PR IE O S0 0 0 35 N 3638 6 38 36 B Bk HIE 6 B30 0 e 30 B OB B A N N
|ENDL | CONDUCTOR | DIAMETER | SPACING | DC RESIST | AC RESIST | AC REACT |
| & | HAME | {cm) | (tcmt | (ohmekmdy | (ohmskm) b {ohmekm) |

PSR EESEESSYIRSS SRR RN RSN EERY IEEEREEE RS E A SE RIS 2 s DY SR L S R St Ry
| 1 |DRARKE | 2.620 | a4.000 | o720 | 0730 | 2480 |
| 2 |DRAKE | 2.620 | 44 000 | .azz0 | 0730 | 2480 |
| 3 |DRAXE | 2 820 44.000 | 0720 | 0730 | 2480 |
| 4 |DRAKE | 2 820 44 non | .q720 | 0730 | 2480 |
| & |LRAKE | 2,820 | 44 000 | 0720 | 0730 | 2480 |
| & |LRAKE | 2820 | 44.000 | 0720 | 0730 | 7480 |
| 7 {1-2HS | 1 260 | nan |} 2.1380 | 2.2190 | 7710 |
{8 [1.2H= f 1 250 | oo | 21380 | 2.2190 | 7710 |
E 3 2

HEIE AW IEIEICN 3NN NN RN N6 3 W T W 0006 I3 0 000 9 3N 0 3F 3636 360 6 I 30 366 30 3 3 36 36 OF 9636 3 - - 96 3

1 6.1 dnrfitnadeing ﬂﬁﬁauﬁmaﬁu =500 kV NIzLE =500 A T28:SAG=13.93 m

) . -~ —
MINARDIY e LTIN% (v) ! NIUR (A) TrH2SAG (m)
6.6.1 ABC 21471 ABC 500 500 13.93
6.6.2 ABC 114U ABC 500 250 13.93 |
6.6.3 ABC 11411 ABC 230 500 14.6 E
664 ABC 141U ABC 230 250 14.6 |
6.6.5 ABC 14 U ABC 230 500 1561
666 ABC 117U CBA 230 500 14.6
6.6.7 ABC 114 BAC 230 500 14.6
6.6.8 ABC 1444 ACB 230 500 14.6
6.6.9 ABC 1111 BCA 230 500 14.6
6.6 N1sNARDYI
6.6.1 m‘mmaaaﬁmaﬁu =500 kV nIzuld =500 A T:peSAG=13.93m
36 S A O 3636 36 36 3 S S S A 36 B S T S 3 3 32 A S A N O O 3O 3 A
| | \ WOLTAGE | CUEREHT | # | BUNDLE CCORDINATES | |
|BHNDL[ZIRC |9OLTAGE [ ANGIE]  LCGAD |ARGLE| OF | X ¥ | SAG | PH |
& 1 # | (k¥y [(DEG)| (A) |({DEG)|COFD| (m) | imy | «m) | |
| 14§ 1| so00| 0 Lon, o] 4| -7.80) 53.50] 13.93] & |
21 1} o000 240 | cgo.| 240 | 4| -8.65] 42 50] 13.93] B |
| 3| 1| so0.0) 1204 Lo | 120 | 4|  -9.500 3150 13.83} C |
| 4| 2| <o0.0§ 0| Eon | 0| 4] 7. 80| 53.50| 13.93] & |
| 5| 20 5008} 240 | coo. | 120 ) 4| g.65] 42 89| 13.93} B |
| & | 2zt Soo.ap izo.| G0 | 240 | 4 | 9.60] 31.50] 13.93} C |
| 7] 1 al 0| o.] o 1] 6.47] 63 50f 11.47} GHD |
| & ] 2 ni 0. 0 | (L I -5 40| 63 53| 11 47| GHD |
* - MIHIH;E GROUND {LEARSHCE = **’1‘;*5? met.ef" *
* PONER SYSTEM FREQUEHCY = £0. Hz *
- SOIL RESTSTIVITY = 10 ohh meter *
EN NN 3 X W ¥ o EZ X312 1) 9 X ¥ BN JE N3
» ZUBCONDUCTOR INFOREMATION — REGULAR ETUHDLES ]



53

LATERAL HAXIHUM  HINOR-MAJOR SPACE
DISTANHCE FIELD ELLIFSE AXES VERTICAL HKORIZONTAL FOTENTIAL
ffest ) (met=rs) {(kYVem) iratio? (Vo) (kVoml (kV)

—16d4 .1 =50 a0 105 an? 104 S016 103
—-147 . & -45 00 028 023 naz .0es no3
-131.2 -40.00 193 .009 187 .048 188
-114.8 -35.00 507 .010 501 _0B1 504
-98.4 -~30.00 1.029 .al11 1.020 .131 1.024
—-az.u -25.00 1 BS1 011 1 841 S201 1. 845
-65.5 -20.00 2 D29 npe 3.D017 L267 3.020
—-49 .2 -15 00 § 3197 oos 4 38¢9 .263 4.138B5%
—-22.8 ~10.00 5 447 ool 5 445 L143 E.43%5
-1h 4 -5 na 5 BOA4 .004 5 8039 0239 5. 804
i] no 5 817 oon S 817 .nog £E.81¢

164 5 00 E 809 and 5 809 029 5. 804

] 10 00 5 447 ool 5 445 .143 5. 435

¥, 2 15 o0 4.397 .0as 4,389 .263 4.385

£ J0an 3079 anyg 3.017 267 3.0z20

L 2% 00 1 6%1 d11 1.841 L2011 1.845

4 30 00 1.029 011 1.020 L1131 1.024

k 35 00 a7 01 01 .oal 504

z 40 00 193 oos J1E7 048 188

& 45 .00 0zs 023 .002 .028 ooz

o 50 0o 105 on? J104 016 103

57 6.2 fnunssun Wi fusadu =500 kv n3uR =500 A 3:H2SAG=13.93 m

Elsctric Fisld Profile

E - ) - T N 1
1/ .\‘
|
; : ;
¥ v
5 - . :
2
- \
5 ; |
i
] B
§ / \
)
LT - - \ -
7 hY
/ . \
s kS
\
/ \\
; :
v Aw\
N
1 ™,
olim s A . e
-50 25 o 25 50

Distance ( metars )

31]171' 6.3 Ny WA W TiLTIeH =500 KV NIZUE =500 A T2BzSAG=13.93 m

g AC MAGHETIC FIELD ———————— >
LATERAL HAJOR MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS HaJOR COME COMP RESULTANT
lfeet) (neters) (mG) (RATIO) (mG) (nG) ImG)
-1k4 ~50.00 10.31 L0586 9.82 3. 20 1033
~147 & -45.00 12,18 031 11.86 ¢. 68 12 1e
~121 2 —-40.00 14.42 ooz 14 32 1.59 14 4%
-114 B -25.00 17 21 032 17 .20 .69 1722
~498 4 -30.00 2.6 077 20,22 4.23 20 66
—E2 0 =25.00 24 53 138 22.66 10.13 24 83
~E5 B il 28 .30 L222 23.03 1R ED 29 6D
~49 2 -15.0u 12549 L2137 20.01 27.98 3440
~I2 -10.00 34.10 496 15.01 33.87 3810
~16 4 -5 00 12,65 LFa7 2322 32 .85 39199
il .ao 2091 LG8 26,65 30.79 40 72
16 4 L.oo 34.15 LB57 23.01 331.78 40 B?Y
3z 8 10,00 35.68 473 17 .72 35.3% 39 .54
49 2 15.00 33.90 L3E2 19.94 29,90 35 94
EG £ 20.00 29 .87 267 23.13 20,51 3p. 32
82 0 25 .00 25 26 213 27 85 12 03 25 82
98 4 2000 21 .03 180 2044 622 21 3%
114 B 75 .00 17 46 162 17 42 310 17 €9
131 2 40 00 14 .56 154 14 53 2 40 1473
147 & 45 00 1221 153 12 04 2. 74 12 3
164 0 5000 10 30 157 9 38 3 04 10 43

31Jﬁ 6.4 F1UDIRUIUAUIULIAANTILTIEH =500 KV NIZLE =500 A 528=SAG=13.93 m



54
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| ] WOLTASE ) CUEREWT | & DUNDLE COORDINATES | ]
|ENDL IR [WOLTACSE|4WSLE|  LOAL JANGLE| OF X | ¥ | SAG | FH |
| ® | & | tk¥y |[(DEG)|  (Ay 5 iDEG|[COND (| (my | im) | |
Ll 4 A a2 - w*x NN NN 3E N
| 1] 1| soowo} o.of 2EQ.| 4| 4 -7.80| &3.80] 13.93| A& |
| =] 1| =900} 240 260 240 | A -8 65| 42.50] 13.93] B |
| 2] 1| soo.af 120 | 280 | 129 | 4 -3 50| 31 50f 13 93} © |
| 4 2| sdaoo] o] 250 0. 4 7.800 53.50] 13 93] A& |
| 5| 21| s0g.0| 240 | 250 245.] 4 & 65) 42.50) 13 93| B |
i & | 2| soo.0] 120 | 280 1200 4 9 E0] 31.80% 13 33| © |
| 7] 1 [ op oo | 1 -6 40| 53 50| 11 47| GKD |
| 81 2 il o o 0. 1 €. 40] 53 .50 11.47] GHD |
* £a L3 4% * wx¥E
» MINIMIOH ROUND CLEARANCE = 17.57 nmetar »
» POVER CYSTEM FREQUENCY = 6. Hz »
" SIIL RESISTIVITY - 1. ohm feter »
E 2R ESRS SRR P ERESS R LR S 22 o - g g o L3 RN NN FEENEN
36 36 36 36 3E W 1.3 - 93 X t &3 N BN
a SUBFONDUCTOR INFORMATION - REGDLAR BUNDLES =
636 0366 I AN O 06 36 6 3 B A 366 OF 3 T30 36 36 A 0 36 O O B3R 6 O
|BNDL |  COFLOCTCR o DIAMETER | SEACING ; DO RESIST | AC RESIST | AC REACT
[ NAME i =] | fcm}y 1 (ohmskm) | (ohnokm) | (ohmekn)
* e 2.1 1.3 LI 23 2.3 ¥ * *¥ HEENNEEEN XWX
| 1 |DRAKE i Z.ogxg | 44 gao | ar2g | @730 | 2480 |
| 2 |DRAKE | 2.820 i 44 oon | Q729 | 0730 | 2460 |
| 3 |DRAKE 2.820 | 44 00 | 0720 0730 | 2480 |
| 4 |DRAKE 2.820 | 44 00D 0720 0730 | 2480 |
| & |DPRAKE | 2 820 | 44 000 0720 | 0730 | 2480 |
| & |DRAKE | 2 820 | 44 Qoo | 0720 | 0730 | (248D |
| 7 |1-2HS | 1 260 | 0nn | 2 1380 | 2 2190 | (7710 |
| & |1-2HS | 1 260§ poo | 2 1380 | 2.z190 | 7710 |
NN X RN g

|
~

311 6.6 dvniieeiagiidlauiiuiedu =500 kY NITUE =250 A 32HzSAG=13.93 m



LATERAL MAXIMUM  MTHOR-MAJOR SPACE
DISTAWCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTEHTIAL
(feet i (neterz)  (KYom) {ratio) (Vo (kVon) (LY}
-164 1 —56.00 10% on7? .lo4 .d16 103
-147 & -4%.0n Jz8 L0z23 .anz .028 003
-131.2 —-40 00 1493 q09 .187 .048 188
-114 &2 507 10 501 ne1 504
-92 4 1.0:29 011 1 020 131 1.024
~82.10 1.851 011 1 841 201 1 B4E
-b5 .6 3.029 G609 3.017 267 3.020
-49.¢2 4. 397 00s 4 .389 283 4.385%
-32.8 5 447 001 5445 143 5.435
-1t .4 S BO9 004 C . 809 029 5.804
D 5.817 il1] £.817 oo 5.818
16 4 S BO% nn4 5.809 nz2s 5. 804
2.2 5447 .01 5. 445 143 5.435
49 2 4 397 s 4,389 263 4385
21 1029 aa9 3.017 L2R7 3.020
gz on 1.851 .0l 1. 841 201 1 245
36 4 1.029 .011 1.020 131 1 024
114 ¢ 507 .01 J501 081 S04
131 2 143 .009 187 048 188
147 & nxg 02k .oo2 028 [kl
L] e nns .10 016 103

31N 6.7 svasmun NS =500 kv nszum =250 A TTH¥SAG=13.93 m

Eilectric Field Profile
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IWNTILT 96 =500 KV T192UR =250 A T:82SAG=13.93 m

AC MAGWNETIC FIELD

LATERAL HAJOR MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS HAJOR CONMP COMP RESULTANT
(fest) (meters) (mG) {RATIO) {nG) (nG) (miz)
-164.0 -50 0& 5 93 209 551 2.50 £.0%
-147 . & -45% 08 702 .199 .72 2. 46 7.1%8
-131.2 —-40 00 g 37 L1187 B 2 2.25 g.51
-114.8 -35 00 10 03 2173 1000 1 87 10.18
-G53 .4 -30.00 2 0% 155 12.01 211 12.19
—B2 0 -5 00 11 41 .10 13.87 4 34 14.53
—Rf B -2 na 16 41 o 14 73 48 16.%9
-49 2 ~15 00 15899 1154 13 24 13 k6 19.02
-1t e ~ly.0n 14 84 0zo 8 96 17.71 19.8B5§
-1t 4 -5 un 19 41 nn3 3.93 19 03 19.43
1] .oa 1900 oo uo 19 .00 19.00
15 4 5.aa 1947 ag3 32 93 13.03 19 .43
XX 08 in an 19 B4 az0 8 96 17 71 19 8§
43 2 18 00 10 99 nss 13 24 13.65 19 02
S 6 20 00 16 .91 )] 14 73 B.48 16.99
52.0 2500 14 431 130 13 87 4.34 14 .53
95 4 30.00 2. 0% 155 12 01 2.11 12.19
114.8 35 00 1003 173 10 .00 1.87 10.18
131 2 40 .00 g 37 187 a.21 2.25 g3.561
147 & 45 00 702 199 6 72 2. 46 ?.15
154 0 S0 ao 5 93 209 5 561 2 50 6.05
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Magnstic Field Profila
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56

PINNVINARDITULTIA® 500 KV NILUF 250 A T282SAG 13.93 m wuTawy 1Ww

Tengeqa = 5.817 KV/m Waz@mMUUIMANFIRA = 1.90 PT

6.6.3 mmmaaaﬁmﬁu =230 kV NI2UR =500 A T2H:SAG=146 m

FEIEW NI NI IEH TN IR M N N I P N3

| | VOLTAGE | CURRENT 2 BUNDIE COORDINATES | |
BNLL | CTRC | WOLTAGE | ANSLE| TOAD |ANGLE| OF X | 7 | SAC | PH |
£l e | (k¥ [(DEZY|  {AY | (DEG; [COND )| (m) | dm) |} |
WENE FEEAREN L 22 * o+ - L2 L
1] 1| 23 0] o 500 | 0. 4 -7.80] 45 60| 14 60| & |
20 1] 230 0] 2400 500 | 2400 4 -7.00| 38.30] 14 60| B |
3] 1] 230.0] 1200 500 | 1z20. 4 -7.00] 31.00f 14 O] C |
4| 2z | 230.0f oo cng | i 4 7 00| 45 &0l 14.80] & |
s o2zl 240 ) 505 | 24D 4 7 0ol 38 3| 14 0] B |
& | 2| 23.0( 120 | 500 | 120 4 7.000 31.00] 14 60] © |
701 0] o i} D. 1 -7.00] 49.85| 10.90| GHD |
a9 21 0] no o 0 1 7.00| 49.85| 10 90| GRED |
* 2 2T 3 3936 3 t o 2 4 2. W
® HINIMUM GROUND CLEARANCE = 16.40 neter -
* POWER SYSTEN FREQUENCY = 60 Hz *
® S0IL RESISTIVITY = 10 ohm meter *®
EZ S T2 X R T F A S s g Ly YL LI 3 LF 22 2= 2 sty

3 WA W L L L 82 . o W P *®

= SURCCHLUC TR THFORMATION — REGULAR EUNDLES -
EweNEx o [ B L T T e
[BHDL |  CONDOCTOR | DIAMETER | SCACING | DD RESIST | AC RESIST | AC REACT |
[ NAME | Ve t=md | (okmekm)y ] dokmekny | {ohmekmy ]
0000 M K 0 U 2 MO N » re— "
|1 (IkAEE ! 20 d4ooona | 03c0 ¢ a4z | 2480
|2 ITRAKE | | ac aod | D730 | 0730 | Zi80 |
| 3 |DRAEF i D820 | 4D o000 | 0720 4 0730 | 2480 |
| & |DRAEF 1 7320 | 40.n0a | 0770 0730 | 2480 |
| & |DRAKE i 2820 | 40.o000 | 0770 | n7in | 2480 |
| & |DRAKE i T.820 | 40 ooo | 07:0 | 0720 | 5480 |
| 7 11-2ES | 1 260 | 0ou | 2.1380 | 2 2130 | 7710 |
| 8 j1-2H=S | 1.260 | aoo | 2.1380 | 2.2190 | 7710 ]
MM NI NN RN AN W I 6N A W g2

=

51U 6.11 dmnniiieaderggfiflaufivseau =230 kv nszua =500 A T:HzSAG=14.6 m
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3171 6.12 svasay WA sdu =230 kv NIzUF =500 A 3:HESAG=14.6 m

<
il

Electnic Fiekd { KV / M)

L
DIs
(fe=t)

I
[ R s e L K R =N VI A A Y- )

TERAL
TANCE

imeters)

MAUINUH  MINGR-MAJOR SPACE
FIELD EILIPSE 4¥ES VERTICAL HORIZONTAL POTENTIAL
(Vom0 (ratioc) (kVem) (k¥ n) kV)

108 04 .1098 .002 .107
043 015 0913 00s 093
k0 684 Jne0 -01o 059
042 364 039 .021 .040
179 030 178 040 176
448 001 443 071 445
D] 006 901 114 904
1 GR2 Gao? 1 575 150 1. 578
2 21E o3 2.312 130 2,308
2,788 G001 2o7ad 055 2 779
2. 90k 500 Z 906 gon 2.9013
2,785 01 2.784 .055 2.779
2. 31k o003 2 312 130 2.308
1.582 oo7? 1 575 L1506 1.576
ars s ELI .114 Rl
448 N 1473 G771 445
179 nin 175 040 176
n42 364 039 021 J40
060 084 ] 010 659
093 .15 093 a0s 093
108 D04 108 an2 107

Electrnic Field Profiie
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;njﬁl 6.13 nTa L INT A Us e =230 kV NITUE =500 A SxBZSAG=14.6 m

D

[ 1==1

-£5

[ NI S Y PN
[ B = A

T

AC MAGNETIC FIELD

LATEEAL MAJOR HINOR- VERTICAL HORIZONTAL RMS
ISTAHCE AXIS HAIOR COWE COMP - RESULTANT
£ i mEters) (w3 TRATTO) (mG) (mG) (m)
] =50 00 8.4 L2225 7.36 4.74 8,76
£ ~45 00 1027 212 9 19 5.07 1049
2 40 nn 12 46 154 11 &0 5.1% 12.70
3 -~35 00 527 166 14 74 4 .90 1553
4 ~30.00 1e¢.87 Rt 13 73 3.98 19 15
0 -25.00 23 41 152 23 37 3.90 23.67
[ -20.0D 28.83 127 27 b 8.96 29.06
2 -~15 Q0 14 .51 .093 28 91 19.13 3466
g ~10.00 38.87 L0563 23 883 30.96 |92
) =L 00 410. 46 019 12 28 38.56 40 .45
a i} 4044 .ono .00 40 .45 40 . 45
4 E 2D 4D 46 014 2 2k 38 .55 4048
.8 in a0 38 87 053 23 el 3036 38 92
2 15 a0 34.51 093 28 .91 19 13 A4 .66
3 20 do 2883 27 27 k4 g2 .96 29 06
1} 25an 23 41 152 23 37 3 80 21 87
4 a0 oo 13 37 171 14 73 398 19 1%
i 35.00 15027 lte i4 .74 4.90 15 .53
2 40.00 1246 199 11 &0 5.19 12.70
[ 1] o7 212 3 19 .07 10 43
o ] 8ty 229 .36 4 74 8 76

6.14 ﬂ'waaﬂmuaummmﬁnﬁmﬁu =230 kV NTzur =500 A 7:0:SAG=14.6 m



51N 6.15 nﬂwammujmﬁnﬁumﬁu =230 kY nN3zUE =500 A =H:SAG=146m

au

BFieid (MC)

Magnelic Freld Profile
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SINNITNARAIRLTINY 230 KV NIEUE 500 A 5202SAG 14.6 m wuawn Wi

ANFIEA = 2.906 kV/M URTEWINUNIMANGIRR = 4.046 T

6.6.4 NINARDINLTIAY =230 KV NITUR =250 A 3:D2SAG=146 m

- * * X x=NE LI 233
| VILTAGE | CURRENT #* EUHDLE COORDINATES

BHDL |CIRC |VOLTAGE | ANGLE| LOAD | ANGLE| OF X ¥ | SAG FH

LRI 4 (k%) [(DEG)| (A) |(DEG)|COND ) | (m) | (m)

1+ 1 230.0]| o 250 | 0. 4 -7 .00] 45.60) 14 60 A

2 1 230.0] z40 | 250 | 240. 4 -7 .00] 38.30¢ 14.80 B

KRN | 230 0] 120 | 260 | 120 4 -7 . 00] 31.00] 14 &0 c

i} 2 230.0] [ri 250 .| 0. 4 7.00] 45 60| 1l4.60 A

5] 2 2an 0] z4o 250 | 240 4 ?.00] 38 30| 14 60 B

[ 230 a] 120 280 120 4 7.00] 31.00] 14 w0 [

701 af 0| G.) a 1 -7 03] 49.95| 10 90| GH

g 1 03 [ 0. il 1 7 0af 49 85| 10 90| GHD
36 MEIEJE K T M 3 P62 I AN R KN K NN A N 3 * XN
- HINIMUM CROUHL CLEARARCE = 1t .40 nster =
- FOgER SYSTEM FREQUEHCY = &0 Hz -
* S0IL RESISTIVITY = i0 ohm neter =
R 2 ] ] - - e

* o x® L2 * % * N

* SHRECCNDIUCTOR INFORHATION - REGULAR EUNDLES *
- - - =
|BNDL | ©COHDICTOR | DIAMETER | SPACING | D RESIST | AC RESIST | AC REACT |
| HAHE | (em) b (em) | fohmskmy b {chmskm) | (ohmokm) o |
| 1 |DRAEE | 2.820 | 49 000 } L0720 ¢ 0730 | L2480 |
| 2 |DRAEE | 2 820 | 40 000 | .B720 |} 0730 | .2480 |
| 2 |DRAKE | 2. 820 | 40 ooo | L0720 | L0730 | 2480 |
| 4 |DRAKE | 7830 | 40 Qoo | arz0 | 0720 | 2480 |
| & |DRAKE | 2 BZ0 | 40.000 | Q720 | m73n | _2480 |
| €& [DRAKE | 2 B20 | 40,000 | _a720 | 073 | 2480 |
| 7 [|1-2HS | 1 260 | 0oo | 2 1380 | 2.2190 | _7710 |
| 48 f1-2HS | 1 260 | ooo | 2 1380 | 2.2190 | 7710 |
P * * -

5UM 6.16 drwnnieaidegfifloutiusssin

=230 kV NIz =250 A 1zeSAG=14.6 m
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LATERAL MAKIMUM MINOE-MAJOR ACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZOWTAL PUTEHTIAL
(fest) (mneters) (kV-m) {ratio) (kVom) (kN (k%)
~164 1 -80 00 .108 no4 108 10z 107
~147 & -45.00 L0573 RIbR: .493 nos IEK]
~131 2 =40 00 el aa4 a6l o010 .0E9
~114 € —35 0BG .04z L 36d L34 na21 .40
-58 4 =30 0r 174 30 1768 a4do0 176
-£2 0 =25 00 442 ool .443 a71 445
-5 6 =200 08 LO0g .301 114 904
-4% 2 -15 an 1.582 .on? 1.575 150 1.576
-3Z.8 =110 no 2,316 nni 2.312 130 2.308
-1k .4 -5.00 2.785% .0o1 2.784 0E5E 2.279
I an 2 Uk non o 90k ooa 2 803
Ih 4 S on 2 78t ool 2.784 113 2 779
328 10.00 2.31e .003 2.312 130 2. 30g
49 2 15 Qo 1 §ez2 .aav 1.575 150 1 576
65 & 20 00 o0& a6 .801 114 904
B2 0 25 90 448 001 443 L0171 CA45
98 1 36 90 179 .o3n 175 .040 176
1i4 8 35 00 .042 L3364 039 .021 .040
131 2 40 0N EETY) .nB4 a60 10 nsa
147 & 45 .00 .093 015 .093 ans L0983
164 0 5000 108 004 .1D03 nnz .147

sun 6.17 F IR RN TILTIAW =230 KV NITUR =250 A J2t2SAG=14.6 m

Electrnic Field Profile
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s 6.18 A IHEU IWRAALTIN =230 KV NTsUE =250 A T:0=SAG=14.6 m

———————————— A7 MAGWETIC FIELD —————v—me——

LATERAL MA]&R HINOR- YERTICAL HORIZONTAL RMS

DISTANCE AXIS HAJOR COME COME  RESULTANT

[ Eest] -metp1—4 (G {RATIO) {mG) (mG) (mis)
‘U -5 .0 4.27 228 BT & 37 4 38
£ —45 U0 5.13 212 4.519 Z2.5% 5 25
2 ~40 .00 £.23 199 £.4aa 2. 60 6 .35
-114 8 -35 .00 7.64 186 7.37 2 45 277
-9 1 ~30.00 544 171 3.136 1.99 3 57
-#Z2.4d —-25.00 11,70 .152 11 .68 1.90 11.84
~65 b =20 . u0 14 11 127 13 .82 1 48 14 .53
-49 2 -15. 00 17 .26 093 14.45 9.57 17 .32
-32.8 ~-10.00 1943 L0583 11 .80 15 .48 13 .46
-16.4 ~-5.00 2023 014 6.13 13.28 20 23
1] nn 20 22 oo 0o 20 23 20 .23
16 .4 5.00 20.23 019 £ 13 13.28 20.23
328 1000 19,43 RE3 11.80 15 48 19 48
49 2 15 1o 17 .26 033 14 45 9 57 17 a3z
GG B 20 .40 14.41 127 13 82 4 48 14 53
az 0 25.40 11.70 152 11.64 1.90 11 84
98 4 30,00 3.44 171 336 1.99 .87
114 4 35 a4 7 .hd 186 737 2 45 777
1312 4010440 23 1949 5B Z.60 [ 1

147 .6 45 .00 to13 o1z 4.5% 2.53 £z
164 .10 S0 oo 4.27 225 3 &4 2.37 1 33

ﬂﬁ 6.19 ﬂ']"lJE]CIﬂ%’\ﬂJN%’]ﬂJLL&IL‘Hﬂﬂ‘ﬂLLSG@N =230 kV NITUF =250 A 5z02SAG=14.6 m



gﬂﬁ 6.20 NTIWAUINLBIAENTILTIGH =230 KV NI=Ud =250 A J2H:SAG=14.6 m

IINNIINARDITLSIoH 230 KV NIZUE 250 A T20:SAG 14.6 m WuTaw N Wi

B-Field { MC)

Magnetic Field Profile
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Distance [ meters )

AIRIFA = 2.906 KV/im Lgazﬂmmmmﬁngaqm =2.023 UT

6.6.5 MINARDINUTIAK =230 kV  NIIUR =500 A 52U=SAG=15.1m

T 36 2B BT OO A6 6 36026 360 0606 U O 3 N

YOLTAGE CURRENT ¥ BONDLE COORDINATES

ENLL]CTRC [ WOLTAGE JANGLE| LOAD |AHGLE] OF ¥ | SAG | PH

¥ # | (k¥y JIDEGI| (k) [({DEG)JCORD (my [ im) | (m)

% WX

1 1 B s |0 4 -7 04] 45 60 15.10] A

: 1 247 oo | 24m 4 -7 00| 34.30f 15.10| E

3 1 T g | 120 4 -7 00| 31.00p 15.10| £

4 : L can | 0] 4 7.00| 4S.60} 15.10] &

£ 3 24r SO0 | 240 4 7 00] 38.300 1% 10| E

£ 126 con | o1zo| 4 7 00| 3L.00f 15 10| =

i 1 i cion 1 -7 00| 43.85! 11 40| GHD

4 i ol o] 1 7 00| 49.85; 11 40| GHD
TN L2 ] »*E e
- MINIMUM GROUND CLEARANCE = 15.90 neter "
= POWER SYSTEM FREQUENCY = £0 Hz *
- SOIL RESISTIVITY = 10. ohm meter *

B BN E B I U000 2600 0608 36 0 o B O O S OE N

BN BN B R B 6N T I A OB 00 D U DD T TN U 3R N 0 0 BTN NN 3N R

" SUBCONDDCTOR INFORMATICON — RESULAR BUNDLES -
Ed ] L a2 + e L0 2 *
|BNDL ; CONDUTTOR | DIAMETER | SPACING | DC RESIST | AC RESIST | AC EEACT |
| & 1 NAME =} ] (cmy | tohm-kn)y | (ohmokm) | {ohm<km) |
LA 3 W0 20T 3E N 2E M N3 ¥ EZ L2 3 3
| 1 :DRAKE i 2 820 | 40.000 | 0720 | 0730 | 2480 |
| & |LRAKE | 2 820 | 40.000 | n7zo | Q70 | L2480 |
| 3 |DEAKE | 2 | 40,000 | a7z0 | 0730 | 2480 |
| 4 |DRAEE | 2 | 40 aoo | 07zo | L0730 L2480 |
| 5 |URAEE | 2 | 49,900 | 0720 ¢ 0730 | 2480 |
| & |DEAEE | 2 | 42 aca | a7za f L0730 | .2480 |
| 7 |1.2H=Z | 1 | .ooo | 21380 | 2 2130 | 7710 |
| & [1-2H= | 1 | ozl | 2 1280} 2 2190 | 7710 |
£33 *EH MR xw AR W £ 3 2 23] *

=

60
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LATERAL MAXIHUH MINOR.-MAJOR SPACE
DISTANCE FIELD EILIPSE AXES VERTICAL HORIZONTAL POTEHTIAL
1fmemt) (maters)  (EV-om) {ratio) (kEV-md (kVrm (k¥
-ted 0 -0 0N 114 on3 114 .00l 113
-147 € —-45 .40 161 nio .101 .004 .101
-131 2 —4c.ng &9 56 069 L3010 .068
-114 & —3c 0 0:1 581 .030 .020 031
-9a 4 R TR Jled 03s 158 039 1£0
-BZ U -2t.02 434 .00l 428 07z 430
5k 3 L9006 oa? kL] (119 .20z
449 2 15 100 1 616 .0a? 1.607 160 1.809
-32 B —10.00 2.399 a3 2.33% 139 2,391
-16 4 -5.00 2.882 .a01 2.891 0se 2 BEE
1 0o 3.011 goa 3 811 o0ao 3 008
16 .4 5.00 2. 892 .ao1 2 891 0%6 2 BBE
32.8 10 00 2,399 _003 2,395 139 2391
49.2 15 .00 1. 615 .0az 1 607 160 1. 609
6k 6 2000 306 0oz BOH .119 902
2.0 25.00 134 an1 478 072 430
98 4 Ju.go 163 038 158 .039 161
114 # 35 00 031 5891 n3g o020 031
13: 2 4000 169 HESY 069 .g10 0es
147 & 45 00 101 n1o 101 oo4 101
1a4 .0 5000 114 o3 114 .0B1 113

gﬂﬁ 6.22 mmamu'mvlwﬂ'wﬁt.t,wﬁu =230 kV NIzUE =500 A 282SAG=15.1m

Electrc Field Profile
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31" 6.23 ns W aun IWHANLTIeW =230 KV NIzLA =500 A 3282SAG=15.1 m

e AL HACHETIC FIELD ——————smm——— >

LATERAL HAJOR HINOR VERTICAL HORIZONTAL RHS

DISTANCE AXIS MAJOR COMP COME  RESULTANT

(fest]) imsters) (mis) (RATIO) {mG) {(mG) (mG)
-1p4 @ -50.00 £ .60 225 734 4.89 g az
~147 & —45.00 10.3% 212 9. 18 5.2 10 58
-131 2 —40.0n 12.5%9 200 11 63 5.45 12 G4
-114 .8 —35.00 15 449 187 14 8¢ 5. 22 15 . 7%
-98 4 ~30 L0 19.19 172 18.99 4 31 19 48
~g2 .0 —25 [0 23.92 154 23 .90 3.77 2420
-6E K —20 .00 S9.61 129 28 &7 B 70 29 B7
—49.2 ~1% 00 ELRE:] 094 30 19 19 11 35 .64
-32.% -10.00 40,32 oe3 24 .73 31.91 40 37
—h 4 -5 . 0o 41 85 017 12 .70 39 88 41 8%
n oo 41 0o Gao ] 41 ~¥0 41.70
16 .4 5. oo 41 8% niz 12 70 39 B8 41 85
ar 8 10 oo 032 ne3 24 73 31 .91 40 .37
49 2 15 .00 EL R 34 13 19 .31 35 .84
BS & 2000 29 B3 123 28 E7 4 70 29.87
42.d 25 .00 23 092 .154 23.90 3.77 24.20
8.4 30 00 19 .19 172 18 99 4 31 19.48
114 .8 35 .00 15 48 187 14 .85 5 22 15.7%
131.2 40 .00 12 .E9 200 11 €3 5 4% 12.84
147 b 45 .00 10.35 212 9.18 5 27 10.58
164.0 50.00 B .60 225 7.34 4 .89 8.92

gﬂﬁ 6.24 FNUAIRUILRUINLNLABNTLTING =230 KV NIZUE =500 A 3282SAG=15.1 m
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Magnetic Field Profile
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gﬂﬁi 6.25 NTIMEWINLILRANTILIIN, =230 KV NIZUE =500 A T=HzSAG=15.1m

PIMNTINAFDINLIIAN 230 KV N3zUE 500 A 1zBESAG 15.1 m WU’j’]ﬁu’]NVLWW'\ﬁ

Agege = 3.01 kV/m UATRWINUIIMANFIFA = 4170 T

6.6.6 MINAAINUTIAU =230 KV NT=UR =500 A T=02SAG=14.6 m ¥ims
WaRDWWRT2991 A-B-C 1uIwNUWE C-B-A

HEIEE N NI R E NN LR F ¥
FOLTAGE CURRENT 3 EUMDLE COORDINATES

BHLDL | CIRC |VOLTAGE | AWGLE| LOAD |ABGLE| OF X ¥ | B5AG | PH

2 § | (kY1 |[(DEG:| (Ar |(LEGY|COND (my | my | (m)
HAERERN ER.E.2.8 3 X E EX T2 3 2 ) E2 23
bl 1 R 0 £ ) RN ~7.00] 45.60] 14.60] & |

z 1 230 0] 240 oo ] 240 4 =7.00] 38 30] 14 60 B

3 1 230.0] 120 cGg | 120 4 -7.00] 31.00] 14.60{ <

4 2 230 0] 120 g | 120 4 7 o0| 45 eQ| 14 601 ¢

5 o 230 | 240 Cig | 240 4 700 38.30] 14 60y E

£ 2 2300 1] sag | 0 4 7.00] 31.00] 14.60{ A

7 1 0} 0 0| 0 1 -7.00| 49.85| 10.90] GND

] 2 o) 0 0| fy 1 7.00] 493 85| 10.90]| GND
L2 2 N
* MINIMUY GROUND CLEARAHCE = 16.40 nmeter »
= FOWER SYSTEM FREQUENCY = 60. Hz *
* SOIL RESESTIVITY = 10 ohn meter *
RNy A o R IE T L ] =t 0 - s i LI 2 2t
LAt 28 2 S St SR PR S 2] *% L2 L B O I
* SUBCONDUCTOR INFORKATION -~ REGULAR BUNDLES =
36 MW NI X W R I N NI I I IE N N W3 ¥ 3 3 MW L N3N E NN
|BNDL ; CONDUCTOR | DIAMETER | SFACING | DO RESIST | AC RESIST |  AC REACT |
[ HAME | ({cmi | icm) | {(obm-km) | {ohm-km) | tohwn kmi |
EREEANER L2 23 3 336 NN % : 3
| 1 |DRAEE | z |40 000 | n7za | 0730 | 2480 |
|1 |IEAEE | | 47 000 g n7zo | 0730 | 2480 |
|3 |LRAKE | | 47 0co 07za | 0730 | 2480 !
| 4 |DRAKE | z | 47 000 | 07za | 0730 | 2480 |
| 5 |DRAKE | P | 40 000 | 0720 | 0730 | L2480
| & |DRAKE i |40 oLo | 0724 | 0730 | L2480
| 7 |1-2HS | 1 | nog | 2.1380 | 2.2190 | L7710
| & |1-2BS | 1 | oog | 2.1380 | 2.2190 | L7710 |
ER T 2.1 * »Eu W

514 6.26 Fivfinadinagioufiuzedu =230 kV nIzuE =500 A TTHSAG=14.6 m



LATERAL MAXIMUM MIHOR-MATOR SPACE
DISTARCE FIELD ELLIFSE AXES VERTICAL HORIZONTAL FPOTENTIAL
ffeet) imeters) (kV"m) (ratia} (kVom) (kVoR) (V)
—-1564 0 ~S0. 00 031 .45 n31 no2 031
-147 & ~45 .00 25 J16E 0zs 004 025
—-131 2 -4 No na7 152 03k a9 037
114 3 —35 00 nas 0410 09z a7 09z
-y 4 -30 0D 20% ooz 206 431 207
-BI0 —25.00 41€ Gk 4113 at4 415
—-AE & —-&0nn Th7 [ER e 752 082 754
-19 2 —-15 0o 120 nis 1 200 051 1 198
—-32.8 -10 040 1 514 s 1 51% 046 1 507
-16 4 taa 1 308 uz 1 301 145 1 293
1] aa g9l 115 g91 218 /aQ
16 4 5 40 1 305 g2 1.301 146 1.293
az 8 10 0d 1.515% 0zg 1 5i% 048 1.547
19 2 15.00 1 203 018 1.200 031 1 198
BbE B 20.00 L287 013 752 ng2 754
82 0 25 00 L4186 noe 413 0E4 415
98 4 349 .00 208 ooz 206 .031 207
114 8 35,60 .093 040 .a92 017 .092
131 2 40 B0 03z J1E2 036 e 037
147 § 45 G0 LU25 166 025 d04 azs
164 0 =11 021 049 031 nnz 031

Electric Field Profite

=230 kV NI3zud =500 A cpeSAG=14.6 m
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Electric field { kV /M)
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- \\\
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J ey ]
50 -25 o 25 50

Distance { meters }

31]"?1' 6.28 mwlammvlwﬁwﬁll,mﬁu =230 KV NI=u& =500 A 728:SAG=14.6 m

AC MAGNETIC FIELD

LATERAL HaJOR MINCR. VERTICAI HORIZONTAL
DISTHNCE AiIS MAJUOR COMF
{teet) (nsters) iG] (RATIO; {nGy (mG)
-164.0 ~-50.00 2.14 367 2.05 99
~-147 b —45 .00 2.78 .36l 2.72 1.10
-131 2 —40.00 3.62 . 356 3. 62 1.29
-114 8 —35.00 4.8E . 349 4.30 1.B3
—-498 4 —-30 0o 6 &l 340 6 21 3 19
-8z 0 —-25.040 2. 1% 325 7 5§ E.97
L —20 00 12 77 .anz 7.B2 10 80
49 2 —15 00 17 G& 268 5. &0 17 .33
-3z 8 -10 00 A2 94 227 9 .31 21 60
-16.4 =5.uo 27025 190 22.349 16 39
I no 20093 173 2B 93 5.02
1e 4 5 oou 27 .49 185 2232 1t B3
J2.08 10 00 2333 216 9. 1o 22 04
49 2 15 o0 17 .93 2h2 542 17 74
ES 6 AU 00 13 1k 280 7.89 11 16
820 25 00 9449 2948 768 & 28
a4 A o0 £ 89 06 6 7 136
114 .8 A5 00 S 07 310 4 37 1.8
131 2 40 00 380 jto 308 119
147 6 45 00 2.90 309 2 e9 92
164 .0 50 00 2.28 anz 2 1 79

RMS

COMF RESULTANT

{(nG)
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Magnetic Field Profile
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311 6.30 NIWRIULAIRANTILTIM =230 KV NITUE =500 A TrzSAG=14.6 m
PINMTNARRITIUTIFU 230 KV NTZUA 500 A THZSAG 14.6 m WUTIRWI WS
FANFIER = 1.515 KV/m Uas@WWLALAGNGIga = 2.936 UT
6.6.7 MIMAADIALTITE =230 kV  N3zUR =500 A 5zHzSAG=14.6 m Yiims

WaHHRVAIG1Y A-B-C awunuWa B-A-C

I M WA > F N » a3l

| | | YOLTAGE CURRENT £ | DUNDLE COCRDIHATES |

YBEDL [ CIRC | WOLTAGE | ANGLE LOAD |ANGLE| OF | X ¥ SAG | PH

o | @t kY |iDES) ‘&) | (DES)|CORD| (m) | ‘m) | (m) |

ES ES TS S 23] ) XN R L2 e [ 22} o

PR N B 1 Il I} S| i} 4 | -7.00| 45 60| 14 . &0] A

[ a 240 Lin. | 240 4| -7.00| 38 30| 14 g0} B

I I R St a] 1zo S00. | 120 4 | —-7.00| 31.00] 14 80y C

[ 4 02 a| 240 Sou. | 240 4 | 7.000 45 a0 14 80| R

s b 2 | 0. soa. |} 1] 4} 7.00F 38 30| 14 600 &
a2 o] 120 soo.| 120 4 | 7 00 31 00| 14.60] C
70 1 o ] n. | ] 1} -7 Q0} 49 85 10.90| GHD
s 2 ol ] 0.4 a I 7.00] 49 85{ 10.90] GHD

* HINIKUM GROUNG CLEARANCE = 16.40 meter »

L FPOWER SYSTEM FREQUEHCY = &0 Hz »

* SOIL RESISTIVITY = 10 ohm neter -

L E L ik L; o E2 22 2} - £33

* RE R TS ES SRS R L L RS HERK

* SUBCONDUCTOR INFORHATION — REGULAR EUNDLES *
* I T2 521 e : & EXTE TSI EES SR FE RS A L kL ko
|BHDL | CONDUCTOR | DIAHETER | SPACTHG | DC RESIST | AC RESIST |  AC REACT |
[ HANE | fcm) | temy | (ohm-kwm) | (ohmskm} | {chmokny |
5N i XE®E - E3
| 1 |DRAKE | 2820 | 40 n0a U720 | 070 Z480 4
| 2 |DR&KE | 2820 | 40,400 3720 | Q7D 40 |
| i |DRAKE | >oer | 40 900 | 0720 | S07zo | _24040 |
| 4 |DR&AKE | 2820 | 40000 | 0720 | L0730 | 2400 |
%  |DR&KE | 2.820 | 40,000 | 0720 | .a73g | _2480 |
| & |DRAKE i 2@z0 | a0.000 | 0720 | 0730 | 2480 |
| 7 |i-2HS | 1.260 | .ooo | 2.1380 | 2.2180 | 77140 |
| & |1-2HS I 1,760 | oo | 21380 | 22180 | 7710 |

71 6.31 shwfiinaideaffloufiusem

=230 kV NIzLA =500 A Jz82SAG=14.6 m
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711 6.32 aruadautu IWHITLTIA W =230 KV NIZULE =500 A $2pzSAG=14.6 m

E
N

LATERAL MAHIMIIH  HINOR-MAJOR SPACE
DISTAHCE FIELD ELLIPSE AXES YERTICAL HORIZONTAL POTENTIAL

ifest) (netesrst (kWom) {ratio) (kV-m) (kV-m) (k¥
~164 1 =50 00 0au L0111 .0&a .goe G749
-147 & -45 00 [6E a3z [E6 gos [ 3
-171 2 —40 nn na7 142 nis 10 (36
~114 3 3% a0 05k 168 053 120 u54
-93 4 =30 4N 133 a4 .1e9 38 191
-82 0 -z% 00 453 013 4148 069 451
-85 £ ~20 00 901 715 894 112 897
-49 2 -15 00 1.580 013 1 853 148 1.554
-32 3 -10 o0 2.278 011 2.274 129 2.270
-16 4 -5 a0 2.729 011 2.729 6D 2724
] no 2.841 IEE] 2. 841 033 2.B3s
16 4 S a0 2. 729 011 2.729 060 2.724
32 19 10.00 2.278 011 2.2724 0129 2.270
49 2 15 00 1.560 013 1.553 148 1.554
ES B 20 00 501 D018 894 112 gG7
B2 20 [ L4E3 019 148 069 451
I a0 0o 193 034 189 038 191
114 .8 3500 CUEE 18 ns3 020 054
1317 4000 D37 132 036 010 036
147 B 45 00 1Y n3z 056 0ns 65
164 0 CiLoan nan 01t aao aoz2 ar9

Electnc Fieid { kv / M}

Electric Figld Profile

Hho
|
'

[}

Distance ( metars )

gﬂﬁ 6.33 N3 EW N W AILTIe W =230 KV NI2UA =500 A T:02SAG=14.6 m

25

S0

e AC MAGHETIC FIELD ————er———

LATERAL MAJOR MINOR- VERTICAL HORIZONTAL RNS

DISTALNCE AXIS MAJOR CONP COMFP RESULTANT

(fest) (neters) (nis) (RATIO) (mG) {(mG) (mG)
~164 0 =50 an 197 6 46 4 19 7.70
—147 & -45.00 193 B.13 4 54 9. 31
-131.2 —40 .00 191 10.35 4.74 11 28
-114 @ -35.00 190 13.28 4 61 14 08
-98 4 —30 00 192 17 .67 4 04 17 .54
Lal o -25.00 194 21.55 4 29 21.97
—KEE A =20 a0 196 25.80 9 04 27.33
—49 2 =15 00 193 27 26 13 &B 3z 99
-32.4 10 N 20185 22.65 29 64 7.31
—16.4 -5.00 219 13.51 36 35 38.78
n .0g 225 B 48 3?7 66 38 61
1k .4 5 0o 203 132.52 36 05§ 38 5o
328 i0.060 169 22.60 23.10 36, 8%
492 15.00 S1z9 2717 17 .75 32.45
K5 & 20.00 111 25 . bE 7 .68 26.79
82 0 2600 083 21.139 1.91 21 .48
i .4 30.00 054 16.89 2.77 17.12
114 .8 35 .00 024 13 11 4 .06 13.72
131 2 40.G0 oos 106.18 4 47 11.12
147 .6 45.00 .033 7.97 4.42 9.11
164 .0 50 00 059 £ 32 4.14 7.56
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Magnetic Field Profile
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SUR 6.35 Ny Wan LI RENTILTIFW =230 KV NIzUR =500 A 3zHZSAG=14.6 m

LY]
=

FINNINARDITILTISH 230 KV NIZLE 500 A SZHZSAG 14.6 m WuRwINIWAND

AFIAR = 2.841 kV/m URSEWIWUALARNGIFA = 3.878 UT

6.6.8 MINARDINLIIAU =230 kV  NITUR =500 A 32H=SAG=14.6 m ¥inn3

WREWNFUDIFN A-B-C 1w UMILWE A-C-B

EEMEEAEN AN E AR N RN TR IR AR XN ENENEN NN A RS EEREXNERE BN AR NE NN NN

: YOLTASE ZURREHT 2 BUNDLE COORDINATE=Z |

ENDT. | ZIRC WOLTAGE | ANGLE LOAD | &HCGLE| OF i | b | SAG | FH |

# # 0 (kV) J(DEGY}| (A} |{DEG)|COND imy | (m)y | (my | i

- 36X E2 3 & 23 1) "

1 10 230.4] ] sS00. | 0. 4 -7 00| 45.60] 14.60] A 1

z 1| 230.0] 240 500. | 240. 4 -7.00) 38.30] 14.60] B |

3 1| 230.0] 120. S00. | 120. 4 -7 DOj 31.00] 14.80] < |

4 z | 230.0] 0 500 | n. 4 7 00| 45.60] 14.60] A |

3 2| 230 .00 120 500 | 120 4 7oon|] 3/ 30| 14 60| < |

6 2 | 230 0] 240 500 .| 2460 4 7 00| 321.00] 14 e0] B |

7 1] o 1] a. | o 1 -7 00| 49.85| 10 90| GND |

3 2 o 0. a.| 1 1 7 00| 49.85| 10 90| GKD |

AN t 22 X W W * *

» MINIMUH GRCOUMD CLEARAHCE = 15 40 meter x

* POWER SYSTER FREGUEHCY = 1] Hz *

* SOIT RESISTIVITY = 14 ohxm meter *

(2 22 2227 P22 2] EE L2 > » W EN R 5

: W W AW NN WO NI NN N -
* SUBCONDUCTCR THFUORMATION — REGULAR BUNDLES -+
o % Ex =3 5 8 0 HRENFAENE = 1] FE2ETI I IR 222 L4
|BNDL | COHDUCTOR | DIAMETER | SEACING | DC RESIST | AC RESIST | AC REACT |
| & | HAME | {izmy | femd | (ohmekm) | {ohwokm) | (ohwckw) |
» L] L} L3 4 o4 L NI WO 36 36 F 3 6 3 36
| 1 |DRAKE | 2.820 | 40.000 | 0720 i 0730 | 248G |
| 2 |DRAKE | 2,820 | 40.000 | 0720 | 0730 | L2480 |
| 3 |DRAKE | 2.820 | 40.000 | .0720 | 0730 | L2480 |
| 4 |DRAKE b 2 820 | 40.000 | .gr20 | .0730 | L2480 |
| & |DRAKE | 2.820 | 40.000 | .0720 | .a730 | L2480 |
| & |DRAKE | 2.ax0 | 40.000 | .gzr20 | .a730 | L2480 |
| 7 |1-2HS | 1.260 | apo | 2 1380 | 2.2190 | 7710 |
fo2 {1-2HS | 1.2680 | non 2 1380 | 2.2190 | 7710 |
M AW x E N NN * *

=
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517 6.37 drvaammaIWINTiLs 6 =230 KV NIZUT =500 A 3:HESAG=14.6 m

a

LATERAL HAXIHUM MINOR<MAJOR SPACE
LDISTANCE FIELD ELLIFSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet ) imeter=)  ik¥ow) (ratlod PkVom) te¥orm) (kY3
-164 0 -E0 0d 103 006 103 o0z .103
-147 & -45 00 00 021 090 Lang .090
~-131 2 0E1L L1400 el 010 Rl
-{14 & 47 336 da a20 a47
~90 4 2170 IR . 1EE 037 168
- [l 115 LO0E 410 064 413
65 & .83 .00l .817? 099 319
—-49 2 -15 00 1. 38% .0n3 1.380 114 1.379
-3l 8 -10 .00 1.897 022 1,895 ng3 1 689
~16 4 -c.00 2 032 a6l 2.032 125 2 026
0 ag 1.4950 L1140 1.950 186 1 948
1e 4 5 0o 2 032 61 2.032 12¢g 2 026
2208 i0.o9 1.897 D22 1 B985 .083 1.889
145 2 15 00 1.38% LGG3 1 360 118 1 379
EC k 20.an §23 noi 817 IEE] g1a
g: 0 25 00 alk .00& 110 B4 413
e 4 30.00 170 G423 166 a7 168
114 8 35 40 147 L3326 046 020 04z
131 2 4000 061 100 osl .oLo Qed
147 & 4500 190 L2l 030 _0og 0so
164 0 50 N0 103 006 103 Laoz 103

Electric Field Profile
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Distance { mstars }

517 6.38 nTWaw I RNRLTIdw =230 KV NT=LE =500 A 2tizSAG=14.6 m

Hadow

AC HAGWNETIC FIELD —--——mm—m—— -

LATERAL HINOR<~ VERTICAL HORIZONTAL RMS
DISTAHCE ANIS MAJOR COMP COMP  RESULTANT

(feet) {neters) (mi3) (RATIO (mG) {mG) (mG)
-154.0 ~50. 00 7 43 1349 6.55 3.66 7.54
-147 & —-45 00 B BYS 114 8.13 3.75 g.95
-131.2 —40.00 10 75 036 10.19 3.55 10.7%
-114.8 —-35 .00 13 12 054 12 a4 Z2.78 13.14
—93 .4 -30.00 16 12 01 16.10 92 16.13
-2 0 —2%.00 036 19 70 .82 19 90
[ -2 00 107 22.53 9.45 24 48
k -1% 00 208 22.57 19.113 29 ©3
-13.00 350 18 .68 2873 34 27
-L . oo 525 18.06 32.63 37.29
L 0 624 28 45 32 .67 3B 54
. oo 14 17.79 33.868 38 28
I i0 on IRTF 13 &7 30.50 35 71
45 2 15 0o 2B0 22 74 2088 30 51
BE B 2000 22 88 11 28 25 &1
220 25 00 20 03 4 B1 20 60
a8 4 30.00 16 43 .30 16 59
114 .4 35 @0 13 114 2.79 1343
131.7 40 350 10 .45 3.34 10, 97
147 ¢ 45 .00 a4 35 3.50 9 D5
164 0 50,00 6 .73 3.41 7 GG
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3UN 6.40 NIMWRUINWILAANTLTION =230 KV NIZUF =500 A T202SAG=14.6 m

Distance ( meters )

68

IMNTINAADIAUTIAY 230 KV NI2UA 500 A 20=SAG 14.6 m WU w1y TWHA

ANGIFA = 2.032 kV/m LLa:ammmmﬁmgoq@] = 3.854 UT

6.6.9 MINARAINLTING =230 kV

WRDWWALDINMN A-B-C DUUNLLWE B-C-A

IR E R - * % NN e
| | i VOLTAGE CURRENT | ¥ EUNDLE COORDINATES
| BNDL | CIRC | WOLTAGE | AMGLE| LOAD |ANGLE! OF ¥ | ¥ | Sac | PH
| # | & | ikvy [(CEG)| ¢h) [{DEG){COND m3 1 im}l im)

i 2 2ty R il WA 3N N A S 3026 O B 36 RN
[ 1 1 [ 230 0. san. | Q| 4 -7.00] 45.60( 14 e0[ 4
[ 2 1| 23.0] 240 cO0_| 240 | 4 —7.00] 38 30| 15 60| B
| 3| 1| 2300|120 sgo_| 120 | 4 -7.00] 31.00] 14 80| ©
| 4| 2| 230.0] 240. 5004 240 | 4 7.00] 45 60| 14 ¢0] B
| & 2| =230.0] 120. s00.] 120 | 4 7.000 38 30} 14.60] ©
| &1 2| 2mao| 0 son | 0 4 7000 31 00| 14.60] &
| T o] © 1 -7 00| 49 85| 10.90f GHD
(- I B nf o 0. o} 1 7.00] 49 85| 10.90] GHD

* W W N
* MINIMUM SROUND CLEARANCE = 16.40 meter *
- FOWER SYSTEM FREQUENCY = KD Hz *
* SOTL RESISTIVITY = 1n ahn neter #
HR AR R AN ENN TS 1 - t 3
* STECONDCTOR IHFORMATION - REGULAR EUNDLES *

* % L L 23 4
[ENUL | CONDICTOR | CIAMETER | SPACING | DO RESIST | AC RESIST | AC REACT |
[ S HAME | = | ion) (obs-knd | (ohm-kwy 1 (ohwskmd |
A8 2 X3 * E3 2 T *

L1 |DH&KE | 2820 | 40001 | 0720 | 0730 § 2460 |
| 2 [DRAKE I 2 g20 | 40.000 | o7 | a7ag | 460 |
| 3 [DRAKE | 2 B20 | 40.000 § 0720 | 0730 | 2480 |
| 4 |DRAKE \ 2 820 | 40.000 | 0720 | 0730 | 2490 |
| & |DRAKE \ 2 820 | 40.000 | o720 | 0730 | 2420 |
| & |DRAKE | z.2rx0 | 40.000 | o720 | 0730 | _zem0 |
| 7 I1-2HS | 1 260 | ooo | 2 1380 | 2 2190 | 7710 |
| & 11-2KHS | 1.2en | .o00 | 21380 | 2 2180 | J7710 |
3P WX N W 3E 9 W t 23 o

51
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LATEFAL HAXIMUOH HMINOR-MAJOR SPACE
[IZTANTE FIELD EILIFSE AXES VERTICAL HORIZONTAL POTENTIAL
ifeer ) [(weterz) (V- m) (Tatbio) (kVrm) (EVom) LRV
-le4d 0 —E0 00 Jen .017 f&0 anz nso
-147 & —45 00 U449 .ak2 n49 .004 n4a
131 2 ~-40 0o 029 284 029 an9 nza
-114 .8 —35.00 O0k2 K] 060 .0]1a .060
-98 4 —30 0D 181 L03H .178 033 179
-82 0 —-25.00 404 Lb23 400 g9 402
-ES E —20 .00 78 .oz20 773 .05z 775
-49 2 —15 .00 1.290 .02z 1.285 .110 1.285
-32 E —111 . 00 1 721 i 1.720 078 1.7113
-1 4 -5 oo 1.703 073 1.707 134 1.700
0 on 1.4¢%3 .149 1.453 L204 1 452
16 .4 5 nn 1 614 neo 1.614 139 1 &08
32 08 10 00 1.6k4 023 1.659 LOEE 1. 653
19.2 15 00 1.2748 Loz 1.274 aag 1.273
EC .6 20 0n 794 003 .7%0 .0&7 L7192
BZ A5 00 432 naz 428 .057 430
a5 .4 E ] 2l ) 209 033 210
114 8 atoon 09z ral J91 .01s Laaz
131.2 41 0o n44 L1596 044 .ang .B44
147 6 45 DU 045 0s2 L4k .ong 045
164.0 5o 0o J0E3 030 LBE3 .oz 052

gﬂ'ﬁ 6.42 @1709aw N IWINTILTI6 U =230 KV NTZUE =500 A T22SAG=14.6 m

Eleclne Field Profire
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Distance ( mealers )

317 6.43 WA Aussdiu =230 kv N3zUR =500 A 52UzSAG=14.6 m

{ e —— —— AC MAGHETIC FIEID ——— o ——— >
LATERAL MAJOR MINOR- VERTICAL HORIZOHTAL  RMS

DISTARCE AAIS MAJOR COMP COHP  RESULTANT

{feet ) (meters) (mG) fRATIO) 4 13 fmiz) (m33

307 432 2.50 S 0o
316 .47 2.78 6,12
3249 & 99 3.0z 7.6l
346 3.00 3 36 9 60
369 11 .52 4. 25 172 28
" 335 14 35 6. 75 15 B6&
£ 427 16 54 11.97 20 46
.z 453 16.39 19 g% 2577
I czd 14.62 26 BE 0. se
q 624 2024 26.17 33 .08
0 751 25.70 2023 2.70
4 748 20.92 21 .59 30 06
B E73 12.87 2228 25.71
2 401 12.97 16 .16 20.72
LB 265 13.77 a.70 16 .28
n 162 12 .33 3.39 12.79
A4 084 10.10 96 10.14
g8 L0213 7.49 1.58 8 14
2 n27 6. 25 .19 6.62
TR 063 4.91 2.39 5.46
1R4 0 165 3819 2. 36 5§ 6§

311 6.44 drunImnILANULAMANTILTIRK =230 KV N3ZUR =500 A TxHZSAG=14.6 m
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Magnetic Field Profile
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Distance { melers )

- voow a
31N 6.45 NAENLIMANTLSIAK =230 KV NIEUR =500 A 5zHZSAG=14.6 m
IINMINARBITNUTINH 230 KV NTUA 500 A 3:0ESAG 14.6 m Wiriaww Wit g

FNFIRA = 1.721 kV/m Lm:ammu‘mﬁngaq@ =3.308 uT

6.7 a‘gﬂnam‘mmam
TR UA AR A-B-C 21U U A-B-C FiN1INaaadnuiaam 230 kV 320:SAG

14.6 m Uaz 500 kV 7:82SAG 1393 m

MAUALTIAU = 500 kV
AMMHALTIAN = 500 kV
MTMAUALTIAW = 230 kV

MAUALTIAN = 230 kV

RUALIIAUW = 500 kV
M UALTIAN = 500 KV
TMUALTIAN = 230 kV
MAUALTIAY = 230 kV

NIzi® = 500 A
NIzl = 250 A
NIzl = 500 A
NIZLE = 260 A

NIzl = 500 A
Ny = 250 A
N3=U& = 500 A
NIzlE = 250 A

TleeawwInihgege = 5.817 kvim
laenauwnIWihgege = 5817 kv/im
Teeauwn Inihgage = 2.906 kv/m
e lnihgoge = 2.906 kv/m

Ideauuutiningign = 40.72 mG
ldeauwamimangaga = 19.00 mG
Iddmunuiningaga = 40.46 mG
1@?’ﬁ’1ﬂmmu.im§n§aig@ =20.23 mG

MR HUTELESAG
Amualfing A-B-C 2 WAL A-B-C FmInanadfiusadiu 230 kV nIzus 500 A
TEHESAG 151 m
NIZWE = 500 A edaunlwigsge = 3.01 kvim

NI = 500 A

MABALTIANU = 230 kV

AR UALTINY = 230 kV "Lﬁmammmmﬁnqaqﬂ = 41.70 mG
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MISRRUINFRLES
WE AB-C THIBTU A-B-C ¥NMInaaadfinTosis 230 KV NI=ULE 500 A 3282SAG 14.6 m
TR UALTIAY = 230 KV NIZUR = 500 A lamwa Wi g = 2.906 kvim

ARUALTIAU = 230 KV NIZUR = 500 A vL@TFi’lammL;jmﬁﬂgaqm = 40.46 mG

R AB-C TUIBAY B-A-C fNnTnaaadfinsasin 230 KV NIULa 500 A 5202SAG 146 m
MAWALTINY = 230 kV NIzi| = 500 A “l@i"fimmuvl,wmgaqﬂ = 2.841 kV/m
AAUALIIAY = 230 KV NIz = 500 A VI,@T@hammLajmﬁﬂgoqm =38.78 mG

W AB-C TUIUAY A-C-B YN TNaRasiinsaes 230 kV NIzua 500 A 5212SAG 146 m
AAWALTIAW = 230 kV NIz = 500 A "lﬁﬁmmu"mﬁwggoq@ = 2.032 kV/m

MMUALTIAY = 230 kV NIzl = 500 A “lm”ﬁi'lﬂu'wm,mmﬁngaqm = 38.54 mG

WA A-B-C VUIHTY B-C-A ¥ManaaadfinsIais 230 KV NIzus 500 A 52H2SAG 14.6 m
BIMUALTIAN = 230 kV NI = 500 A Teeawalwigige = 1.721 kvim

TMAUALTION = 230 KV NISUR = 500 A ”Lﬁmﬁmml,ajmﬁﬂgaq@ = 33.08 mG

W& A-B-C UWIUTI C-B-A ¥ INaaasfilsosi 230 KV NTLWE 500A 5262SAG 14.6 m
AIMUALTION = 230 kV NIzULE = 500 A vlﬁmﬂmﬂNWﬁjoq@ = 1.515 kV/m
TMRUALTINW = 230 kV NT:UWR = 500 A Vlﬁmammujmﬁﬂgagﬂ = 29.36 mG
1nnsnanass ATy ldhunduazganadadiawia Wi Tasfidhenaas
LLiaﬁuﬁmﬁﬁua:ﬁﬂﬁmamﬂﬂﬁwﬁﬁwga%umﬂﬂﬁw uRztNUTIAU IR Daaaaen
s lidasan Wi fdasasanulide  Fananlenamassuin Wi fifaluae
gaozintsudsrmlapaaiugssswlWindfat umeluaos
mnmsmaaammmagﬂ"l,vﬁ'd’mﬁ:LLa"lNﬂﬂﬁLﬁ@%u'l,mzuumﬂdawﬁw:ﬁawa
Aofawiuwiinaninzuailang %:ﬁ'flﬁ@‘hamma]mﬁnﬁmﬂﬁu uazLianseuaien
aansfasrinldeaasgunmanifaeaivluan Fmanledn dawnutininaz
wlsiuaTanuaaInszua Wi neluszuuaada Wi
InmMImaaaadarninasusze: sag Wznr sag SenRvanin vzvn e
yasmwuwiBanuaz s IWF denanndwivadniton auBoufivuiusse: sag 7
wapnfesdnavinledininmdfouwudsevasmmnuud i anuas aunu Wi
PMAINARDIMIRAUN R D3zU LRBE I 8T Tr0osvuunn  1laviins
aanuwuu I sadum et ey Wi wrsswawimanieianasainaiule
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a U WA ea&991IN199  A-B-C  1WwiLI99s A-B-C 3 47.86 11asifud  uaz
' = = = A = . o
AWINLULRANAARI DY 27.43 1lafidud maLﬂuﬂsziumu"lunﬁsaanLLuummaﬂwvmmga
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aunuaiudn (uT)
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ABC-ACB

- ABC.BCA

Auariwin (kV/im)

50 -40 30 -20 10 0 10 20 20 40 50
seuzung (m)

gﬂﬁ 6.47 LFAINIRARIVAIEWIN WAL T ar M ad LI WaUD IR EIIITU W
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unin 7
w ' < ' = a o
n"l'iﬂﬂﬁaU'Jﬁﬂ’lﬂ%’]&ILL&JL“ﬁ‘ﬂﬂ’i]’lﬂ‘izuU“sﬂHﬂdlﬂ‘ﬂﬂtt‘idgdﬂ‘izﬂuuiaﬂ%
230 kV waz 500 kV

7.1 U

Tuuniiaznaniisnseantimanase e uLsinin 9nanuiaiefisruumy
da"LW*NWLLnggaﬁﬁzﬁULmﬁu 230 KV WAz 500 KV anwiae uSum a.aauazln a.1das 9.
N1 uar 6. sand a.9auiy 2.59113 anudiey Touviimmineiosfiodaawianwaiain
\FaW T (electromagnetic field radiation tester) uaziedasdiatamnulinanfiaiielu
ﬁ’m’m"@amml,ajmﬁnﬁLﬁmﬁfuﬁnm’[ﬁamﬁavlwﬂmrmgaﬁanﬁiﬂ Fanmyiaansa

L= i o :I‘ =) J - L 1 L e =] J L 7S =
zuanlaqn ﬂmmmmanmnmwmnmlmmuaavtww’nmgammwmnuamwm'l@\

7.2 Tanlszasdiunisnasau

1. Lﬁaj"mamumeﬁnﬁl,ﬁm‘ruu‘inm'l,s'{‘szuumUe%a”lwﬁmwﬁamnm'%aaﬁai’m
swivuwamangannging  (electromagnetic field radiation tester) wazedasfiate
A ULIRANAE 9T

2. WarmTudnusawindn  nwiasdiaTaauuuwmanidowndime
(electromagnetic field radiation tester) upzidasliaTa syl anfiateluiy
Tdsunsy TLW dutflullufiamadeanuwialy

3. Lﬁaﬂmaﬁ"lﬁmn'rm@aau%'@amumeﬁn‘ﬁLﬁ@mnmuﬁﬂwﬂ’umgﬂﬂ

mﬂ‘mﬁmmgnﬁaa

7.3 5asdlanazgunanininasay
1. i3l arwuLmanTInndinl ( electromagnetic field radiation tester )
ﬂl o GO i 3 i b o J
2. i3l daauiuuanan gl

3. lusunsy TLW

7.4 An1Inadaul

1. ﬁwmﬂﬁanu“inmﬁd‘:ums:uumndavlwﬁ’n,mga 230 kV LRz 500 kV

2. ﬁﬂmnﬁangmu"‘mmﬁﬁ):ﬁwmﬁmauwuLLajmﬁn mnffuﬁﬂmﬂﬁanu'%nmgm
ﬁanmas:wﬂwameuﬁﬂwﬁumﬁa Fnusnmicaniwivinmosts  wiosen:
height min $99:3@AUILHITIIAURIBHS

3. siuednefadeauiuua MAniBIwndine  (electromagnetic  field  radiation

tester) SaenuszpzWafiszer 5, 10, 15, 20, 25 WAS uazfiszr  -5,-10,-15,-20,-25
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AT Imm‘%ﬁ%’@mngmﬁaﬁwwmmﬂ"l,ﬂ'l,mmmmm'mﬁ'ml,mLaumUﬁsxm:mamuﬁ
NG

4. eiasdatamuuimaniiaiein Saenuszozvinefiszoz 5, 10, 15, 20, 25
AT wazfiszr  -5-10-15-20,25 1u@3 T@nﬁu‘i’@mnq@ﬁmﬁwwaoaw"l,ﬂ'luummu
P FULW S UE BT3B R 9T A LE

5. Ml Nsvafldnnmmesewiannanuiaeanakiwanainans

da W ﬁaLﬂu"lﬂ'l,uﬁnwmsLﬁmﬁ'umm's:mamaﬁmiﬂmmw’%ah}

A
7.5 HAN AN NI TNATDL

751 HANTNARALIARWINLULAENINFOIUNTTINUTIONN 230 kV NIZUF 840 A

A15190 7.1 HRMTNARDLIAFUWINLUAANALTION 230 kV

| 5202909 (m) A Linaniialdan swualmanfide ldan
| wiasTmE i das uT) whasTaRahelu uT)
-25 0.92 0.8
- 20 165 1.4
-15 o 2.53 2.2
10 3.16 3.0
-5 7. 3.85 3.6 i
0 4.20 3.8
5 ) 3.85 35
10 2.99 3.0
15 2.52 2.2
20 .63 14
- 25 0.93 0.8
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s i@3petaBiawndlaid (UT)

—u—igdpetafasefiu ()

durinuimdn{um

i
-30 20 -10 0 10 20 30

fzpxdna(em)

31U 7.1 ns a3 fsuauaLnaniTaanesasdai T dird nueiadda

o v A& A

AR1IIUNLITINW 230 kV

e B T B N I

MAGHETIC FIELD PROFILE
at 1. 00 meter above ground

longitudinal distance: 165.00 meter

x X X X X X
LI N I I

T TSN B 3T A R

{mmm AC MAGHETIC FIELD ——————————— >
LATERAL MAJORE HINOR~- VERTICAL HORIZONTAL RMS
DISTAHCE AXIS MAJOR COHF COMF RESULTANT
(feet) (neters) (i) (RATIO) im3) {mG) (mis)
L ~&50.00 3 59 .3e7 3,45 1 .60 3.82
~-147 & —4%5 .40 4.&8d .361 4.57 1.84 4.93
-131.2 —40.a0 & 09 L3856 6.08 2.17 &.46
-114 .13 -3&.40 g 15 S34% 2.06 3.08 B.63
-98 4 =30 00 11 11 4n 10 44 5.35 11.73
-g2.0 -2 00 15 3# 1Z% 12 68 10.03 16.17
-b5 . & =z20.00 21 4% 2 13.13 18.15 22 .40
—49. 2 -15 U0 29 &0 268 9.23 2911 30.54
-32.9 -10.00 B 54 .2d7 15.65 3629 39 .82
-1b. 4 =5.00 45 719 150 37 .60 27.54 46 .61
4l oo 48 &0 173 48 .60 8. .43 49 33
16 .4 s.on 46 14 185 37 .50 28.27 46 .96
2.9 10.00 39.19 .21e 15.38 37.03 40.09
49 .2 15.00 an . 2z 252 9.10 29.80 3l.16
ES . B 2000 2211 2680 13 .26 18 7% 22.96
52.0 zg.00 15 95 298 12.91 10 .50 16 .64
93 .4 30.00 11 57 306 .71 C b4 12 .10
114 ¢ 600 g &2 310 g. 35 3 113 B 92
121 .2 40.00 6 31 210 636 2.00 £.649
147 % 45 .00 4.87 S309 4. 46 1.5& 5.110
164 .1 £Q.an 3. 74 307 1.72 1. 33 3.95

P = AV w - a
‘Sﬂﬂ 7.2 HaE‘T"mNLL&IL%RT‘I‘I”I\IWQ’IHIU‘ILLHEN TLW ¥iLL790%4 230 KV

U
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AT 7.2 HAMINARAUIARWIULURANALTINK 500 kV
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seuzvne (m) | swuwimEnfieldon suuudindniiialaen
wiaadaLswadind uT) whasTanaie )
- 25 0.5 0.3 |
- 20 12 0.9
- 15 1.9 1.7
- %0 — 24 2.3 k
-5 2.8 2.6
0 3.0 2.7
5 28 2.6
10 i 2.5 2.3
15 2.0 16
20 1.1 0.9
25 0.5 0.4

]
—o— et sterBawndfiug (BT
—w- @FastREs e (W)
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- |
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- ]
i ' ‘ ' ) |
30 20 10 0 10 2 30 |
szuzva (M}

A = - o v o P o [
31]“ 7.3 ﬂi']wLLﬂ'ﬂ\jﬂ']ﬁLlﬁUUL°ﬂﬂUﬂu’]&JLL&J|.‘Hﬂﬂﬂ')ﬂ"ﬂ’]ﬂLﬂTD\rJﬂL’ﬁ\]WWm’nﬂnutﬂfaﬂ’)ﬂ

NRTIUUNLLIIAU 500 KV
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MAGHETIC FIELD FROFILE

at

1.00

longitudinal distance: 165 .00 meter

A A SE 3 O O I A O

t 3

"
neter above ground -
-+
-
*
-

~~~~~~~~~~~ AC KAGHNETIC FIELD
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LATERAL MATOR HINOR- VERTICAL HORIZONTAL RS
DISTANCE AEIS HAJOR COME COMFP RESULTANT
(femt) Imeters) (3] (RATIG) G (nG) (mis)
~-164.0 —-50.00 3.85 .328 3.82 1.3% 4.08
~147 A -45.00 4.87 0331 4.74 1.94 5 13
-131.2 —40.00 .23 2331 5.87 2.95 5.57
-114.8 -35.00 a.10 . 326 7.113 4.67 B.52
-98.4 -30.00 10 .68 L3113 B.31 7.80 11.19
-82.0 -25.00 14.20 .292 6.70 11.95 14.79
—b5 .6 ~20.00 18 81 .259 7.05 18.11 19 43
-49 .2 -15.00 24 .25 214 5 B7 24.11 24 82
-4z 8 -10 00 2940 .17% 1b . 45 24.990 29 8%
-16.4 -5. 00 32.82 L1141 28.87 16 . 2H 33 14
i} nn 33 37 128 33.97 4.36 34 25
16.4 c.on 32.94 142 28 .85 16.56 33.27
i2.B 1000 o A L1786 16.44 25.186 30 07
49 2 1500 24 51 220 5. 94 24 .39 25 .10
LGB 2000 13 08 . 2Bl 7.18 18, 37 13 72
220 25,00 14 .45 L2294 2.8z 12.21 15 06
95 4 a0.an 10 90 ile a.42 7.74 11 44
114.8 25 .00 g a0 L3329 7.25 4.88 8. 74
131.2 41010 6.40 . 3358 £.98 314 £.75
147 .6 45 .00 5.01 . 335 4.85 2.0% 5 28
164 .0 50.00 3.97 .333 3.92 1.46 4.19

d 1 = d' L 4=lI .
N 7.4 NaRWINLIRANTA 1A nTUTNTY TLW Ausaau 500 kv

1 [ H E| Rt - - 3
7.6 M3 IpufpuawInusiBanfi laa1nldsunin TLW 1a30siindatBonias Laz

4 a +v o4 v &
tATaddNaIanNa’INIIR

AN5191 7.3 HANINARDLIARWINLIAGN AILLT9an 230 kV

Jeaeve | awsudmaniiale e e we e deme
P awnulndniialdnn | swuwimEnidaldan
(m) NN InLH D e d e
. waesianaiedn @T) | ldsuniy TLw @T)
WD (MT)
- 25 0.92 0.8 1.61
- 20 165 1.4 2,24
- 15 2.53 2.2 3.05
- 10 3.16 3.0 3.95
-5 3.85 36 4.66
0 4.20 3.8 4.93
5 3.85 3.5 4.69
10 2.99 3.0 4.00
15 252 22 3.1
20 1.63 1.4 2.29
25 0.93 0.8 1.66
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auuwmian (uT)

-30 20 10 0 10 20 30
fzurvnag (m}

o

JUN 7.5 NIIWHANITNARDUIAFUINUILARN NLTIAY 230 kV

A1 7.4 HANTSTNARDUIARUWULNLARN 7IL596% 500 kV

szuzvng | mwnandmandialdan | swuwimaniialénn | sunawimanfiialaen
(m) waastadandnd | deeianadedn Ty | ldsuniu LW @)
(KT

-25 05 0.3 1.47
.20 1.2 0.9 .94
-15 1.9 1.7 2.48
- 10 24 2.3 2.98
-5 2.8 2.6 3.31
o 3.0 27 3.42
5 | 2.8 2.6 3.32
10 a 25 2.3 | 3.00
15 | 2.0 16 2,54
20 1.1 0.9 1.97
25 0.5 0.4 1.50




80

—o— Tulsunay TLW

—s—wingaiatie
o WwSasiarBawadiug

guuusiwdn (uT)

-30 -20 -10 Q 10 20 30

seuevne (M)

L e e —
3UN 7.6 N HAMTNAFDUIARWINUNINGAN NWTIAK 500 kv
7.7 a;ﬂuam'mﬂaaa
mnmm@maﬁﬂammmmﬁnﬁt.ﬁﬂmﬂmUﬁﬂwﬂumqa 230 kV Wz 500 kV
1 ] IU L AI o =) - { L= ﬂl‘ L ; = L
Wwuefde ldanniesastadatFowdind  wazeIaalindafaelussddnanutuuad

ﬁmmmmﬁngw‘s‘nm@ﬂﬁﬁfg@wmmw?aﬁﬁunmg@ Nodte  uazlavnnyialed

laRawfon Inaa NR WL EWILLIENT W M IA1aaRIDENIRKIATA  wRZAINNTT

y_oA

ﬂ@ﬁaui’ﬂﬁwﬁ'ma@ﬂmU'l@‘fLmeyf&a m'ﬂmu‘l@ﬁ:?ﬁﬁhgamm@lstﬁzﬁuluﬁuﬁﬁﬁzﬁu
Auansnain sarinlunimeseUiininieniBznulfmodfdAuilinnusisuoRaly
ﬁ'lﬁ"i’@x"l,ﬁﬁﬂumgnﬁaaﬁqﬂ

doldmnuudminidaldanniedssdiatarmeaiss suFeuflauiulnngh
faandwanida ledualUlufiamadaniug namegawe 230 kY uaz 500 kY
riniud el S audieunadildainlvsunsy Tudmiwinfimaianng fiezdas

Hawlwldsunsy ﬁaﬁaﬁiﬁw’lﬂﬁﬂﬂ’lﬂwﬁ’]ﬂ’lEINﬁGlLWiJ‘]J'J‘:mﬂVLY]EI YT 2 ﬁagaﬁ"l,ﬁm

44

=

wuilaous ﬁagmaumﬁ‘:\a 230 KV Uz 500 KV wwianTzuaf mamuluas snwmens
INIPUINE URZITDE SAG Lﬁa'l.'ﬁ’l,ﬂuia;galunﬁmaaa darhmatlaudnmnniiessd
16 feusalultsunuudrrimsiulysunsy  Unnghanuwimindidonnlysunia
dulludnuadoaruwiuendSadannedssfiiasadomn dsd uazardldnieiaafiad

R J
SERRNAY



81

P
unn 8
[ 7]
Unﬂgﬂua:ﬂmaumm:

8.1 a;ﬂnamﬁé’y

nmsansynejiienuanauimanuazauy i vldmmuinisiiavas

N = R4 6‘.’; F=) .J’ o - B a At
RWIULNRAN LAz g WA ﬁ]:m@munuqﬂmm‘vlwﬁmn"nummﬁa's:uuvl,wwwmm
K 's:uua’mdavl,wﬁm'saga %ﬁauﬂaﬂwﬁumga MM INAADINLINTUIULULRANT
=) J - N ‘. s A. J 1 o L]
Aieduazulsauenusvadnszuafn i lvas MsRNABYIDINIZUR  VEFINEYIN WS

' = a & | [y ar | ' = @
RUNULNIAANARNDY TanT UL nn1539 lumInasadwuin auidudmanssianuy
gw‘%nm'l,né’l,ma'aﬁnﬁ@ LRZIEHARORILL DT DI TEn LRI e nU TRl A

J ] = au 0 & A Qs ' =

PNAB  THEIBAANIIVAINIIIR BIIA UL AIRNNAUAAN ST DIV IWRNTLALAAN 22
ﬁﬂﬁ‘lﬁammMmﬁnﬁﬁﬁqm

nnnsnaasslydsunsy TLw sansnasylei uideusfInadagwIn Wi las
2 ¥ L [ & N w N i o A
LuamLLsmu'lm:wmmU”waﬁumgommzmlﬂﬂmﬂﬂﬁwﬁmmmumﬂﬂmﬂ SR

i L2} | i - J . kY L s B R i a

nam ldhanuWihfifeulumsse Wiusigs WA SN UL ISR I WHNALAR
mu‘lumuammga TusgrpasnszuglWvirf naluaogitiy  sdonadaruwIvwivwani
= J 4:1' ] 1 a B ﬂr 1 [ [ oo J 1
(el L;Ja'l.m:uummnum:uavl,ww'\g]wu wuhswaiwinazddngatuaud1wes

A 1 Lo ] = ﬁ' [ J ' i O L A
NIUR mnmﬂ@’nammmman°nm@mumm:uummuvlwwmmga U SHUATIN
YUIADAINTELET IAR IUE D&

IMNNITNARDY MIRFULWRTDIT=UU MARNRIRINITFIUUUUINTVWIY LBl

kv Q. a L7 LY [ = — ) d

rsadueaiu Y ldeusWihuszawuwdmandaanas @3nmmesss mansnasy
"l.ﬁ:i'\mua‘a”lwﬂwngaﬁﬁizuua&aiiw"l,wf«'hﬁﬁmmmaawmu alTaanuuURaUIWaT

AN EME1993 A-B-C U miUN993 C-B-A Az ldawy Wi sz auuLamaniian

]
o=

ﬁaﬂmﬁ'qm oz dudslomilunistlasiuduasisanawy Iwfiuas suuugmande
LﬁmﬁumU'lﬁmuﬁavlwﬂmmga
mnmsmaaﬁ@]ammmmﬁnﬁtﬁmmnmuda"lWﬂ’nmga 230 kV LRz 500 kV
nanuiiadsnamswidhendauralsanalng Taglummarasinasasiioda
AL ANEIR BrsuazieiosTaawnulmanAanedwes iU iassuuuimind
et nasdsnrind N RLTes 230 KV Uaz 500 KV wazthusfildlluBewmiioy
fumsuszuaansswinusindnnlyunsy LW Unngihawuuaimanildiiulyle

FANIIALINU

2.2 ADLAMAILKS

myanwtigatunniarasam v Wi ez uunan  ufefidluszlowd
donriswaimeminiaanti Wi RenumaiersssuniyiWiursawsuindn 7l
a YY) 9 Y =5 & & & o
WRaluszuulWiias wayaﬂmmnmmnmmmmmu sz uunnafaluniy



82

aammm:uummu“lvxlﬁumgo Alanudaaanuanawy IWH LA WIULU LR ANAFIHS
m:mm’aaomﬁammyl@”awudﬂwﬁumga dwwasliunsy TLw  uldsunsufid
szEntnwuasinnuuduilumsdszosaasumulWwifuasswinwlivdn a19faednTs
o L5 el = oA ‘I-Ha:l' J 1 dl' I3 . =

fuaduazrhnTidpldaidudalfluawine  vRalludszlorddamsénwiuazaanuuy

szuun @Iy W inas



(1]
(2]
(3]

14]

(5]
[6]

115
9 F)
Llandriandald

Kraus,J.D., Electromagnetic, McGrawHill International Edition,1992.
Transmission Line Reference Book , 345 kV ,Second Edition , New York.
Tdl 4939111, Electrical Machine, MéAmiaansaalwi, sontiumalulad
wizaadinR s mnusatanszils anmsznaunssan. Insdinwn 2548
Jezimwg Twidu, Biannsafindinds, fuaisf 3, N3ANWY : A0 WING.
2548,

f11u Fdazena, densanddusege,nsanwy : 2547,

LONENT .MITBBAKVUSEUDEEAI WAL TIET 230 kV UaT 500 kv, MY AT
fhandauiadszinelne



NMARKIN

83



NIAHKIN N

‘ L™ ] 3
LAS DINDINFAWIHUNIHANLAZNINNISNAADI

31l n.1 eSasTaawuulindnBanidiad (Electromagnetic field radiation tester )

d' ‘:I‘ o 1 = 4:" - J’
Eﬂﬂ N.2 {AIDIIARUIULULRANNRTIITH

84



85

Eﬂﬁ n.3 "J';‘Tﬂ"l’l@aE]S'Yﬂﬂ%']MLLﬂLﬂﬁﬂ'ﬂ’]ﬂﬂ'\ﬂﬁ?ﬁr}

U n.4 apaslWinusgevie 230 kv



51 n.5 mﬁa“lﬂﬁ%mgwmm 500 kV

gﬂﬁ n.6 ﬁﬂwm:mﬁ@ammmmﬁnmnmUa’atmggwmﬂ 230 kV fULFI030D3a

RN RETLF oW e

86



87

sun a7 AN M TIEWILIMANIINATIUTIFIUUIO 230 kV funIadladiahaing

&
UH

gﬂﬁ n.8 ﬁnﬂm:mﬁmaumuﬂmﬁnmnmm&awmgwm@ 500 kV ¢28LAIa9007@

SUNLN AR N T aw R



88

sUfi n.9 AN oI INLIARND AN HEITIFIIWIA 500 KV graaIndlatanas

X
pike)



A1AHK®IN A

ﬁaa&aﬁ‘l%’ﬁufﬂmnw TLW

4.25m

7.3 m

)

21 m

10m

230 kV

89



11m 10m

1lm

21m

10.Bm

. 9.6 m . 96m |,
" 865m |, 865m
I | 78 m : 78m
! 64m T 64 m

500 kV

90



91

nLE 2 $LAICUSLeN XX
nu [ neunngLen 2ad
wjeLa
H|NGRU p|BLRNCNLO=2Z0SU |
cSow:rni.nmmsﬁrw_uo
(roup pend))gecct=0
(uopmodsuei [ }gLpNREN®B= ],

( uedg BuoT )
AWFIMNUCLALRIOCE=T

(3opnpuco am1)BaLE=M
(o egnop)dcaccay

(nup u@ﬂvnmm_npo?m

Jg-0

2ImeLdils

( lamo] uopsodsuel] )

aLRNERAVLE! €2

puspea(] ajaidwo) + O

(L06)3C0'(06)IAM

uedS RS 06 * 0 (L06)3asSM’( 06)3aT ( 06)3AS
puopea(] 8oIdwoD + 0 ( Jamo] puopea )
ueds ¥eIS G + 0 30 IAMITMIAT IS alpglennslr 22
,06-0 Zxa
,09-0€E 2q0'Zam' 1asm'2aa’1as
J0E-S1 20 2oM I2SM'2OT 105 (1amo] BUY )
&1-0 2gd'2am 1asm'2aq 14s rthneu 1°2
{ omo] uopsR] ) cReCUNSNNUILEYE
-0 [YMT LYAT IVST 1VO ( 3amo uopuadsng )
-0 VM TVSM' IV TVS ncanscuubocminr

ruruelup

-~ £

{ 8fiuy vogoeya(] )
nnea m_::

adA ]

uguicsvjLEICOaVNA

nLsuscw’. C,..WC— 0SULBIGBSAUGWRCISEELS
L) .

s




92

uoLmdsng BUIGG-A = A
(uogmsodsir1] ) @LENRBNW=H]
uomm e ]

fncat i<

unpepw=

W=}

(s signop) Beacc=g

(o POUS) CRMICA0CTS

-

Puwal b+ 0 09- 0 09 1d
,ov-0 ov 1a
02-0 02 1a
sl ] ( o)H1a
Si-E€ 18} ¢!
£-0 (eHa
6-¢ (6INa
£°.0 ((e)Wa ( weu) elgnod )
£-0 (ena DeoccuBUIoSLILBIZE
puuLal G+ 0° 09- 0 09 L
Oor-0 ob 1
£7.0 (,e)dls
Si-€ ( STIAHS
o£70 ((E)AHS
b€ (_6)AWS )
£-.0 (_E)ANS ] ( smmo) oS )
£-0 (e)nI1s mwﬁggw:_qn:?w_ e

"AMOOS CRELE UBUIOCY|LRICODWNA'E




3-g:M3N10U BAREHAND

s=AuUSOAL (Wa - 1Wa

s-g=aonulaoans

filalbaa wlg - nsoud wla ~ la
A3 W00 was Wa 0o
30 - 36 0.7 2 -4 0.7 2 -4
35.1 - 46 0.8 2 -6 0.8 2 -6
46.1 - 72.5 0.9 3 -0 0.9 3 -0
72.6 - 121 1.0 -4 1.4 4 -6
138 - 145 1.1 3 -6 1.8 5 -0
161 - 169 1.2 3-8 1.7 5 -6
230 - 242 1.5 5 -0 2.5 8 -4
345 - 362 2.1 7' -0 4.1 13 - &
500 - 652 3.4 1 -0 6.1 20" - 0
700 - 765 4.6 16' = 0’ 9.4 - o

-gzanudaonnslunisid HOT STICK

s=auUnsVAU 1Wa - g

s-gradulananyyoo HOT STICK

Alaload uns Wasdo
21-1.6 0.6 2 -0
15.1 - 36 0.7 2 -4
35.1 - 46 0.8 2 -6

46.1 - 72.5 0.9 3 -0
72.6 - 121 1.0 3 -4
138 - 145 1.1 3 -6
161 -~ 169 1.2 3-8
230 - 242 1.5 5 -0
3456 - 362 2.1 7' -
500 - 552 3.4 11’ -0
700 - 768 4.6 15 - O

a3



inesgruscezireAvasaislumsioadiomaluih

11122 | 3369118230 ,8C 500 [DC. 800
s1en1s
KV{iKV[KV| KV{ KV [ KV KV KV

3:0 SPAN Infln 350|430 490 420
aundwlveuomeidueslsdn 4 9} 12| 20 36 30
$ougneiss Sings Supsrsion 8 | 14 27 27
Eu:u:anﬁna Terwion 9 15 582 52
Ground Claarance
fwmusnld 2 | 9910 11| 12 16 | 16
gumonase udonludioviaul 9 10 14.5 14.5
puna

N dngestuun mdodudufl el7i{7|71781 9 13 13
ImswrUgnulonfdndoodo
nwwan3Isudifold
nooduaufaukurinfuo=dily 5| s|6|868| 6|75 11 11
flf, FuiliBnswrUgn
mieduhiinsdyosmads 10 11 1 12 16 16
Crossing Clearaoces
modo 230 13 4144} 4 43|58 6 6
medo 115 1n3 2|l 2(21 212943 525 525
meds 69 103 21212223137 4.65 4.65
meda 33 103 1 T W D S 35 4.6% 4.65
aedy 22 1a3 1 1 1 2 2 s 4.65 4.65
mehsaunay 2|l 212! 345/ 5.2 5.25 525
riofihg 13 13

B0 AINNEY3MNISUATBED

94



95

ooz
" oove.

“oowio
- oosis ]
" oo0cs ]

SR 08

- 00'829°¢ | n,.emo ) 1ww.h
- 000065 | 90b0 g_ [
- 00" Rmo »690 | SOl

Too0zi'e |

o0'0EeE | 890 | 9102
“ooosce | 990 | eror |
| oooogol | ettt | T
00'098'8 gL6'0 (g1
“oooove | €m0 | test
“o006zE | EEVO | Ewl

e

85568

T2evro
“egzob
mm yZ0%
oL1ve
oL ive
0L 192
Oh v
TevoLl

tammnanerrafrrarmresnanensearmrnfnan

T et

(OO | o:n
LTI
o0 .91/L
SOV HOWeLZ 1

Eoozoov SOV WOW 96.L
mei iUZ nmh
Agmv vy WOW LLY
TN ESV w Y LLY
" OUvH) mﬁ.« zqr Ly
Atzzémmo,q WOW b'99¢€
T SOV DMY 0/

fuzmouw VY WOW LY *

whobrucung

By
epebopocn

w/ By

upup gndLmng!

NRINCNLY

gLRens

-OHOROPNPUC) gLBVaEgizeaLseiien




aruaudinooionulao
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Dedwas [nnul msofiogogn () | oot (n) | nnw | maokogoga (hn) | wolioldow (nn.)
6.5 0 273 55 0 615 123
9 0.1 614 123 0.1 1360 272
12 | 0.1 1200 240 0.1 2270 445
16 |02 2000 400 0.2 3680 736
19 103 2450 490 0.2 5102 1020
22 |03 3500 700 0 6750 1350
25 |04 4100 820 0.4 9100 1820
28 | 0B 6450 1090 0.3 113580 2270
3z | 0.6 61560 1230 07 13600 2720
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Dagnms | nn/| exologogn (nn) | meofioldey (nn) | nnas | maofiogodm (nn) | esoliotdows (nn)
65 [0.1 3500 400 0.2 3090 618
9 04 5540 1108 0.4 6880 1376
12 | 0.6 9720 1943 0.7 12100 2420
16 {09 15150 3030 1 18700 3740
19 1.3 21600 4320 1.8 26300 5340
22 1.8 29200 5840 2 36200 7240
25 124 38000 7600 2.6 47000 9400
28 3 47800 9560 33 59200 11840
32 3.7 58700 11740 4.1 72700 14540
38 |54 83700 16740 5.9 103500 20700
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Fraction of inch to milimetres

Inch mm
27/64 1 10.716
[ 7/16 |11.112]

29/64 | 11.509)
i5/5 11565

31764 |12..303
...... RS
33764 | 13.097 ]
| 17/32 | 13.494
I 35/64 | 13.891]

9/16 |14.287
37764 | 14.684
15,32 | 15.081
39/64 |15.478

Inch mm

1/64 | 0.397
1732 | 0794
3/64 | 1.191
1716 [ 1887 |
5/64 | 1.984
| 3/32 | 2.381 |
"7/64 | 2778
...... s
9764 | 3572
5732 | 3.969 |
11/64 | 4366 |
3716 | 4762
'13/64 | 5.159
Inch mm

5/8 |16875
(41764 16272
(21/32 | 16.669
43764 | 17.07
11716 | 17.452
[ 45/64 | 17.859 1
(23,32 | 18.256
[ 47/64 | 18.653)
[ 3/4 |19.050
| 49/64 | 19.447 |
26/32 | 19.844
51/64 | 20241
(13/16 {20.637

inch mm
7732 5.556
16764 | 5953
174 | 6.350
17764 | 6747
9/32 | 7.144 |
19764 | 7.641 |
5/16 | 7.937 |
21764 | 8.334
11732 8731 .
' 23/6a | 9.128 |
378 | 9525 |
25/64 | 9.922 |
13732 [ 10319
Inch mm
63764 21.034-
27/32 | 21.431
55/64 | 21.828.
7/8 | 22225
57/64 | 22.622.
29/32 | 23.019]
59/64 | 23416
18716 | 23812
61/64 | 24.209
'31/32 | 24.606
63/64 | 25.003
......... 1 2540()*
""""" 2 |50.800

97



NMMAHUIN A

L <
vayaanin

98



99

National
Semiconductor

General Description

The LM124 series censists of four independent, high gan,
internz'ly frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies s also possible and the low power
supply current drain is indepandent of the magnitude of the
power supply voltage

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easity ‘mplemented in single power supply
systerms. For exampie, the LM124 series can be dwectly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional £15V
power supplies.

Unique Characteristics

W in the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing 1o ground, even though operated from only a
single power supply voltage

® The unity gain cross frequency is temperature
compensaied

& The input hias current is also temperature compensated

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

—

August 2000

Advantages

s Eliminates need for dual supplies

® Four internally compensated op amps in a single
package

m Allows directly sensing near GND and V1 also goes
to GND

w Compatible with all forms of logic

m Power drain suitable for battery operation

Features

m internally frequency compensated for unity yain

Large DC vcltage gain 100 dB
Wide bandwidth (unity gain) t MHz
{temperature compensated)
Wide power supply range:
Single supply 3V to 32V
ar dual supplies *1.5V {o £16V
Very low suppiy current drain (700 pA)—essentially
independent ot supply voltage
Low input biasing current 45 nA
{temperature compensated)
Low input offset voltage 2 mV
and gffset cutrent. 5 nA
Input common-mode voltage range includaes ground
m Differential input voltage range equat to the power
supply voltage
Large output voitage swing 0V to V™ - 1.5V

Connection Diagrams

OUTPUT 4 INPUTA™  INPUT A*

14 1 13

Dual-In-Line Package

GND

u

INPUT " INPUT 37 OUTPUT 3

10 9 1

B

1 2 1

DUTAUT & INFUT 1™ INPUT 1%

L]

¥

Top View
Order Number LM124J, LM124AJ, LM1244/883 (Note 2), LM124AJ/883 (Note 1), LM224.,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2502MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRAQML and LM124AJRQMLV(Note 3)
See NS Package Number J14A, M14A or N14A

§ § T

INPUT2*  INPUT 2©  OUTPUT 2

008295051

© 2004 National Semiconducior Corporation DS003299

www. natonal.com
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Connection Diagrams (continved)

OUTPUT 1 [::1 [ ]'1“_‘__2 DUTPUT 4
INPUT 1~ l::i: %:l INPUT 4~
INPUT 1+ [ [ ] INPLIT 4+
v LM12aW gy
IHPYT 24+ ::5 Ll_“a_'__‘:l INPUT 3+
INPUT 2~ C__; j_:_:: INPUT 3~
outPuT2 C—— [ 1 0uUtPUT 3

S0z

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883

L1224 AWROML and LM124AWRQMLY (Note 3)
See NS Package Number W14B
LM124AWGRAML and LM124AWGRAOMLY{Mote 3}
See NS Package Number WG144

Note 1: LM1242 available per JMIAS10/11006
Hote 2: LWM124 avadanie per IM38510:110056
Note 3: Cee STO M DWG 5962A99504 for Radiation Toleran! Device

Schematic Diagram (each amplitier)

INPUTS

L e [

Rsc

()
QUTPUY

06229902

www national com 2
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bsolute Maximum Ratings (ote 12)

Military/Aerospace specitied devices are required,
ase contact the National Semiconductor Sales Office/

ipply Vollage, V*

Yerential Input Voltage

aut Voltage

ut Current

(Vi < -0.3V} (Note 6)

wer Dissipation (Note 4)

Molded DIP

Cavity DIP

Smail Outline Package

Jtput Short-Circuit 1o GND

{One Ampltier) (Note 5)

VO< 15V and T, =25°C

serating Temperature Range

LM324/LM324A

LM224/LM224A

LM124/LM124 A

orage Temperature Range

'ad Temperature (Soldering, 10 seconds)

#dering Information

Dual-In-Line Package
Soldering (10 seconds)

Small Outlineg Package
Vapor Phase (60 seconds)
Infrared {15 seconds)

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliabitity” for other methods of soldering surface mount

Distributors for availability and specifications.

LM124/LM224/LM324
LM124A/LM224A/LM324A

3z2v
32v
-0.3V to +32V

50 mA

1130 mw
1260 m\W
800 mw

Conlinuous

0'C to +70°C
-25°C to +85°C
-55'C to +125°C
~65°C 10 +150°C

260°C

260°C

215°C
220°C

LM2902

26V j
26V ‘
0.3V to +26V

50 mA
1130 mW

1260 mw
BOO mw

Continuous
-40°C to +85°C

-65°C to +150°C
260°C

260°C

215°C
220°C

devices.
5D Tolerance (Mote 13) 250V 250V
lectrical Characteristics
= +5.0V, (Note 7), unless otherwise stated
. LM124A LM2244 LM324A )
Parameter Conditions Min Ty Max [Min Ty Max [Min Typ Max Units
t Ottset Veltage (Note 8} T, = 25°C 1 2 3 2 3 mv
1 Bias Current binigay OF Linggoys Vo = DV, 20 50 40 80 45 100 | nA
e 9} Tp=25C
1 Offset Current linggey OF liggers Vou = OV, 2 10 15 5 30 nA
Ta=25C
{ Common-Mede V* = 30V, (LM2302, V* = 26V), 0 V+-15| 0 V=151 0 V*-1.5 v
age Range (Note Tpo=25C
oly Current Over Full Temperature Range
R, = =« On All Op Amps mA
V* = 30V (LM2902 V™ = 268V) 1.5 3 1.5 3 15 3
V* =5V 0.7 1.2 0.7 1.2 0.7 1.2
ie Signal V* = 15V, R 2 2k{}, 50 100 50 100 25 100 V/mv
age Gain (Vo= 1WVto 11V), T,=25C
1mon-Mode DC, Vg = 0V 1o V™ - 1.5V, 70 85 70 | B5 B85 dB |

www, National com
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Electrical Characteristics (continued)
V' = +45.0V, (Note 7}, uniess otherwise stated

o N LM120A | LM224A LM324A _
arameter Conditions - Units
Min Typ Max |Min Typ Max [Min Typ Max
Rejection Ratio Ta=25C i
Power Supply v = svio aov o V ( T
Rejection Ratio (LM2302. V' = 5V to 26V), B5 100 | 65 100 65 100 dB
T, =25C
Amplifier-to-Amplifier f=1kHzto20kHz, T, =25C -120 -120 -120 dB
Coupling (Note 11) (Input Referred}
gz:‘:::ﬁ [ Source | Vinr = 1V, Vi =0V, 20 40 20 40 20 40
V* = 15V, V=2V, T, =25C mA
Sink Vi~ = 1V, V" = OV, 10 20 10 20 10 20
Ve =18V, V=2V, T, = 25°C
E Vi = IV, V' = OV, 12 50 12 50 12 50 A
! VT = 1BV, V=200 mV, T, =25°C
Shart Circuit to Ground | (Note 5) V¥ = 15V, T, = 25°C 40 6C 40 60 40 60 mA
Innut Offset Vaoltage {Note 8} 4 4 5 mv
Vg Drift Rg = 0} 7 20 7 20 7 30 |uvre
Input Offset Current Ynage) — Binger Vo = OV 30 30 75 nA
los Drift Ag = 00 10 2L0 10 200 10 300 |pAC
Input Bias Current birgesy OF By 40 100 40 100 4D 2001 nA
Input Common-Mode V= 430V 0 ve2l D v-2| 0 V-2 A
Voltage Range (Note {LM2502, V> = 26V)
10)
Large Signat V= +15V {VoSwing = 1V 10 11V)
Voltage Gain R, =2 kil 25 25 ) vimyv
Output TWan | V" =30V R, = 2 k2 26 26 26 v
Voltage
Swing {LM2o02, Vr = 2BV) | R = 10 kQ2 27 28 27 28 27 28
Vou V' =5V, R, = 10 k2 5 20 5 20 5 20 | mV
2;’:?:;1 Source | Vg = 2V V' =+ e 20 10 20 10 20
:LN= 150\7' mA
Sink V=41V, 10 15 5 8 5 8
Vi =0V,
1 V=15V !
Electrical Characteristics
V* = +5.0V, (Note 7], unless otherwise stated
Paramoter Conditions LM124/LM224 LM324 LM2902 Units
Min Typ Max (Min Typ Max |Min Typ Max
input Offset Voltage (Note 8) T, = 256'C 2 5 2 7 2 7 mv
Input Bias Current Uinagey OF Linggoy Vom = OV, 45 150 45 250 25 250 | nA
(Note 9) T, =25C
Input Oftset Current higar OF liggeyr Vom = OV, 3 30 5 50 5 50 nA
Ta=25C
tnput Common-Mode V* = 30V, (LM2802, V¥ = 26V), 0 V'-15] 0 V*-15( 0 V*-1.5 v
Voltage Range (Note T,=25C
10)

s nauonal com
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lectrical Characteristics (continued)
= +5.0V, (Note 7). uniess otherwise stated

. LMm124/LM224 LM324 LM2902 .
Parameter Canditions - Units
Min Typ Max (Min Typ Max [Min Typ Max
ply Current Over Full Temperature Range o
R, = = On All Op Amps mA
V' o= 30V (LM23802 V' = 26V) 1.5 3 1.5 3 15 3
ARV 07 12 07 12 . 0.7 1.2
je Signal Ve = 15V, R, = 2ki2, 50 100 25 100 i 25 100 L v/my
age Gain (Vo = V10 11V), To = 25C
amon-fMode DC, Ve = 0V to V" — 1.5V, 70 85 |65 85 50 70 df
action Aatic T,=25C
ser Supply V= 5V to 30V
sction Ratio (L M2902, V* = 5V to 26V), 65 100 65 100 50 100 dB
T,=25C
siifier-to-Amptitier f=1kHzto 20 kHz, T, = 25°C -120 -120 ~120 dB
ipling (Note 11) (Input Referred)
f:r:t Source | Vi = 1V, Vi = 0V, 20 40 20 40 20 40
5 V' = 15V, Vg = 2V, T, = 25°C mA
Stk | Vi = V. Vig® = OV, 10 20 10 20 10 20
V' = 15V, Vg =2V, T, = 25'C
V= 1V, VT =0V, 12 50 12 50 2 50 pA
V= 15V, Vg = 200 mV, T, = 25°C
s Circuit to Ground | {Note 5) V'* =16V, T, =25'C 40 60 40 60 40 60 mA
A Offset Voltage (Note 8) 7 9 10 mv
; Dritt Ry =00 7 7 7 pvI e
it Offset Current Lnveey = liaiors Vom = OV 100 150 45 200 | nA
Dnft Rg = 00} 10 10 10 pA/C
Jt Bias Current linesy OF Loy 40 300 40 500 40 500 | nA
Jt Commen-Mode V* = +30V 0 vr-2| 0 V-2 0 V-2 A
tage Range (Note (LM2802, V* = 26V}
ge Signal V* = +15V (VoSwing = 1V to 11V)
tage Gain R, =2k 25 15 15 Vimv
put Vo | V' =30V R, =2 kil 26 26 22 Vv
tage
ng {LM2802, V* =26V) | R_=10kQ 27 28 27 28 23 24
Voo V+ = 5V, R, = 10 ki2 5 20 5 20 5 100 | mV
?:;T Source | Vo =2V V' =WV g 20 10 20 10 20
) o
Sink Vi~ = +1V, 5 8 5 8 5 B
Vit = 0V,
V* = 15V

ste 4: For aperaling at high temperatures, the LM324/LM324A1M2902 musi be derated based on a +125 C maximum junclion lemperature and a thermat
sislance of 86 CW which applies for the device soidered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and | M124:{ M124A can
\ derated based an a +150°C maximum junction temparature. The dissipation is the lotai af all towur amplifiers — use extemal resistors, where possible. Lo allow the
nplifier 1o saturate of 1o reduce the power which is gissipated in 1he infegrated circuil.

ste 5: Shor circuts from the output te V* can cause excessive heating and eventual destruction. When considenng shor circuits 1o ground, the maximum outpu!
ren is approximalely 4G mA independent of the magnitude of WAl values of supply vonage in excess of +15V, conlinuous shon-circuits can exceed e power
ssipation ralings and cause eventual destruction. Destructive dissipatian can rasuft trom simultanecus sharts on alt ampidiers.

ble 6: This input current will only sxist when The vollage at any of te input leads is driven negative. 1 1s due 10 the collector-base junction of the input PNFP
insislors becorung forward biased and thereby acting as inpul oiode clamps. in aodition 2 this dioge action, lnere 15 alse ialeral NPN pagasitic transistor aclion

:
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Electrical Characteristics (Continved)

on g 1G ehip. This transisior action can cause the output voltages of the op amps 1o go 1o the ¥ woltage level (o1 10 ground lor a large averdrive) far he time duration
that an input is driven negative. This is nol destructive and normal outpu states will re-establish when the inpui vollage, which was negative, again retums 1o a value
greater than -0 3V (at 25'C)

Mole 7; Thase specitcalions are imited 10 —56°C < Ty« «1257C 10r the LIVZ4/LRTZ4A wWiin the LIM224/0M2244, 3l \emperature speclicabions are imited o
SPE G Ta < 485 €, the LM324/L M324 8 temperature specificatons are imidad to 4 G < Ty 7 +70°C, and the LMEZ502 specilications are limiaed 10 40 G 6 Ty v
+B5°C

Hote 8. Vi - 14V, Rg - 002 witn V° fram 5V 1o 30V, and over Ine 1ull input common-mode (amge {0V o V° - 1.5V} far { MP8D2, V* from 5V 10 26V,

Hote 8: The orection of e npul current s oul of the 1C due to the PNE? incut slags Tris corsstis essentially €onstant, inoapendent of 12e stale of the sutpul so
ny Igading change exasts 6n the mpul ings

Note 10: The input common-mode voltage of either input signal voltage shzutd rot ps allowa? *2 go regative by more thar 0.3V {at 25 {0 The pper endg of the

cemmon-mode vo'lage range s VT - 15V (st 26°C). but efther ar balh inpets can g to + 32V atnoul damage {+2€Y lor 1423025, independent of the magnitude
ol ¥

Note 11; Due o proximity ¢t exlemnal components, msdre 1at couphing 1s nol oRgnatnG via tiray capecitance pelween nese axternal parts. This fypically can be
delected as (his fype of capacitance increases al higher {requencies.

Hote 12: Fefer ' RETS 12443 lor LM124A millary specifications and reler 1o HET S 24X for LM 24 o Lary spechicanons
Note 13: Human pody maodet, 1.5 ki2 in senes with 100 pF

Typical Performance Characteristics

Input Voltage Range Input Current

'5 80, T
( ; | { chu = 0|
“ .. Bo +
o S, 1 [ I
+ < 0t "
- = | Vo= 430V
& e N — —
g / S | |
= NEGATIVE & 50 +—
z [ ATV
g POSITIVE = [ —— 1
£ 5 / | . = 30 }
z (-
[l A -
z lm 20 -+ VI o= 45V,
5 o0 —
A —— 0
0 5 10 15 -55-35-15 § 25 45 65 B5 105125
v' OR v~ - POWER SUPPLY VOLTAGE {2Vpe) T, - TEWPERATURE (°C)
OOB309H A4S
Supply Current Voltage Gain
—~ 160
; 1 ||
s |
~— o R = 20k
= = 120 {
= z L~ N
o (&) T
[ -
z L RL =2kl
& 2 a0
= jary
= g
X )
T 1T, = 09C 0 +125°¢ 2 40—
= =
¥ ~L
' T, = -55°C |
A
- ] |
1] 10 20 30 0 10 20 ip 40
v' - SUPPLY VOLTAGE {vp) v - SUPPLY OLTAGE (¥pc)
OG920028 OOD2MET

I
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ypical Performance Characteristics (continued

Open Loop Frequency

Response
140
~ 120
[25)
» 100 }F—
3
L 80| —— = = .
S vi=30v &
o 60 -55°C T, < +1255C
Y40 — S
< g V1010 15V &
-55°C<T,<+125°C
a | AI 1 1
1.0 10 00 1.0« 10« 100k 1.DM 10M
f - FREQUENCY (Mz)
IE2H38
Voltage Follower Pulse
Response
4 —_ .
| = 2.0k
5% 03 i J.R‘-
o Vo= 15V
El
[ =1 2 1
E Ll \
[
L5 ' f |
a
N “
3
5=
Z.n 2
- Q
| f_l 1
Z = —
0 10 20 10 40
1 - TIME (us)
00529040
Large Signal Frequency
fResponse
20 T
T ook 1 Il““
— m +15
% \ ¥
=15 =)
Z = <
¢ i
= = = =
- 10
o }
&
3 1\
| 3
o N
l. l
ot
1k 10k 100k 1™
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0082934

Common Mode Rejection

Ratio
o
el
— 120 T
=) } 1m i
4 i
L i .
o= 100
z
&
= !
= B0 y
= I
& B
'“: 60 | b 3
&
<
X
; 40 -
z ¥
=
=
bt 20 ey WiFEe T
I
o ) i W AT
=
= 100 1k 10k 100 1M
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T3

Voltage Follower Pulse
Response {Small Signal)

500 ——t I
T 450 @ —f—
= s 50pF
g ; I A
S 400 1 = d
o ——
= =
e | INPUT !
Z 35D i
5 QUTPUT
<>
1
300 -
& T, = +259¢C
vt =30V
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Output Characteristics
Current Sourcing
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Typical Performance Characteristics (continued)

Qutput Characteristics
Current Sinking

‘0 I ¢“’* - i &
— _V' = *5Vpe £ — 33
P [V S Voe I
> | v* = "E_GVDC b i
& | '
i s
z
&
5 0.1
o
| y 4 1)
o '
> =
A T, = +25°C 7
0ot LAl A Ll
0.001 901 0. 1 10100
I - OJTPUT SINK CURRENT {mag.}
I ETEY
Input Current {LM2302 only)
100 ]
E
£
—
x
£
= 30
o
S o
o -
= T T, =+259C
—I 75 " L3
z
0
0 10 20 30

vt - SUPPLY VOLTAGE (V)

0023346

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage. have true-diffesential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 V. These ampiifiers operate over a wide range
of power supply voltage with liitle change in performance
characleristics. Af 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 Vpe.

The pinouts of the package have been designed ta simplify
PC board layouts. inverling inputs are adjacent to outputs for
alt of the amplifiers and the outputs have also peen placed at
the corners of the package {pins 1. 7, 8, and 14).

Precautions shoutd be taken to insure that the power supply
for the integrated cireuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the |C could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as inpu! diflerential voltage protection diodes are
not needed. no large input currents resull from large differ-
ential input voltages. The diflerential input voltage may be
larger than V* without damaging the device. Protection

www.nalonal.com

Current Limiting

o
P}

,H aq ) T P 1
< 70—t :j>—Ja
E
&l
e
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> 40 S
— -y
2 a1 ]
= T
SR 1) -
' \
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. 1

-55-35-1% 5 25 453 65 B85 105125
T, - TEMPERATURE (°C)

1929545

Voltage Gain {LM2902 only}

180 l l
— [~ ul *
o =20k
NEE Vi) i 4
=
= IV R =2.0kD
(4 ”
&
2 80
o
(=]
= _—
‘
o 40
S
-

0

0 10 2a 30

v~ SUPPLY VOLTAGE (Vpc)

00923947

should be provided 1o prevent the input voltages from going
negative more than -0.3 V. (al 25°C). Aninput clamp diode
with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the amplifiers have a
class A output stage for small signai levels which converts to
ciass B in a large signal mode. This aliows the amplifiers to
both source and sink large output currents. Therefore bath
NPN and PNP external current boost transistors can be used
10 extend the power capability of the basic amplifiers. The
output voltage needs to raise approximately 1 diode drop
above ground to bias the on-chip vertical PNP transistor for
output current sinking applications.

For ac applications, where the load is capacitively coupted to
the outpu! of the ampliier, a Tesistor should be used, from
the output of the amiplifier to ground to increase the class A
bias current and prevent crossover distortion,

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive lpads which are applied directly to the output of
the amplifier reduce the foop stability margin. Values of
50 pF can be accommaodated using the worst-case non-
inverting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.
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National
Semiconductor

LM108/LM108AQML

Operational Amplifiers
' General Description

The LIM10B is a precision operational amplitier having speci-
fications a factor of ten better than FET amplifiers over a
~-55'C o +125°C temperalure range.

The devices operate with supply voltages from 2V to 20V
and have sufticient supply rejection to use unregulated sup-
phies. Athough the circult is interchangeable with, and uses
the same compensaticn as the LM101A, an alternate com-
pensation scheme can be used to make it particularly insen-
sitive 10 power supply noise and to make supply bypass
capacitors unnecessary.

The low current error of the LM108 makes possible many
designs that are not practical with conventional ampdifiers. [n

December 2005

fact, it operates from 10 M(} source resistances, introducing
less error than devices like the 709 with 10 ki) sources.
Integrators with drifts lass than 500 pV/sec and analcg time
delays in excess of ona hour can be made using capacitors
no larger than 1 pF,

Features

u Maximum input bias current of 3.0 nA over temperature
a Offset current (ess than 400 pA over temperature

m Supply current of only 300 pA, even in saturation

m Guaranteed drift charactaristics

Ordering Information

NS PART NUMBER SMD PART NUMBER NS PACKAGE NUMBER PACKAGE DISCRIPTION
LM108AH/883 HOBC 8LD Metal Can
LM108AJ-8/883 Josa BLD CERDIP
LM1CBAJ/883 J14A 14LD CERDIP
LM1CBAWG/883 WG10A 10LD Ceramic SOIC
LM108AHROML 5962RU863702QGA HO8C 8LD Metal Can
100K rd(Si)
LM108AHRQMLY 5062R9863702VGA HO8C 8LD Metal Can
100k rd(Si)
LM108AJ-8RAMLV 5962R9863702VPA JOBA 8LD CERDIP
100k rd({Si)
LM108AJRGML 5962R9863702QCA J14A 14LD CERDIP
100k rd(Si)
LM108AJRQMLY 5962A9863702VCA J14A 14LD CERDIP
100K rd(Si)
LM108AWGRQML 5962R9863702QZA WG10A 10LD Ceramic SOIC
100k rd(Si)
LM10BAWGROMLY 5862RUBE3T02VZA WG10A 10LD Ceramic SOIC
100k rd(Si)
LM10BAWRQML 5962R9963702QHA W10A 10LD CERPACK
100K ro(Si)
LM10SAWRQMLY 5962R9B63702VHA W10A 10LD CERPACK
100k rd(Si)
LM108H/883 HOBC 8LD Metal Can
LM108J/883 J14A 14LD CERDIP
LM108.}-8/883 JOBA 8LD CERDIFP

& 2005 Natonal Semiconductor Corpatation Dszot20e
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Connection Diagrams

Metal Can Package
come 2

20100873
'Package 15 connected 1o Pin 4 (V7)

S Unaused G (Do ternat connechion) to allow for input anikleaxkage quard
rng on pnated Circs t board layoul.

Sea NS Package Number HOSC
8 Lead Dual-In-Line Package

1 U ]
COMP = p— COMP 2
!
INPUT ~ _‘L.—L—‘ e W
J h
INPUT __r— -5— QuTPUT
A 5
[Yagup—s ST
20120615

Top View
See NS Package Number JO8A

14 Lead Dual-In-Line Package

COMPENSATION |

e

INPUT -

INFUT*

|~ |-

e
13

o

12
| COMPENSATICH 2

A
l—‘,‘+

i0
— OUTPUT

[= T

Top View

See NS Package Number J14A

10 Lead Flatpack/SOIC Package

m:r—_1 . :T—__:l COMP ¢
NC £ :gzlccupz
INPUT- [ i LM108W _T:_.:]V*
INPUT+ C—3 [—ocutrur
NZ r__s_ . v-
SCIRAIT
Top View

See NS Package Number W10A, WG10A
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chematic Diagram

COMPENSATION
1

COMPENSATION

— m
PU
INPUTS 0 A
Kl
+
R1
K

0ty
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R12
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Ry
q0

0uTPuUT

20120608

w3 Q27
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Q2
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az9 a4
A1E RV6
R19 BOK 17 20K R1S
64K 500 1K
a
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Compensation Circuits

Standard Compensation Circuit

A1 A2

Y

Your

Vi _.-M__

290 2060

. _A1Co
A1 + A2

0
P

Ce - 30 pF

"*Bandwidth ano slow rale are proporional 1o 1/C;

Mote 1: Improves rejection of power supply noise by a lactor of fen.

Alternate Frequency Compensation
{Nate 1)

A1 A2

v
Al out

Wy, =P ——

ey sed
"Bandwittn and slew rate are proporiznal to 1:Cg

Feedforward Compensation

INPUT

auTpuT

20120602

W RAtional . com




111

bsolute Maximum Ratings (otes 2. 3)

LM108RH LM108/LM108A
ipply Voltage 122y 120V
wer Dissipatian {Note 4)

Metal Can 81D MW @ +125°C
CERDIP 14LD 400mW @ 4125°C
CERDIP 8LD 400mW @ +125'C
CERPACK 10LD 330mW @ +125°C
Ceramic SOIC 10 LD 330mW @ +125°C :
Herential Input Current (Note 5} =10 mA ’
Herential Input Voltage{Note 7) 130V MNA ‘
put Voltage (Note 6) 20V 15V
Jtput Short-Circuit Duration Continuous
neraling Temperature Range —55°C =T, < +125°C
.orage Temperature Range -65C <T,=+150°C
1ermal Resistance
HJA
Metal Can 8 LD Still Air 150°C/W
500LF / Min Air Flow 86°C/W
CERDIP 14LD Still Air 94°'C/W
500LF / Min Air Flow 55'C/W
CERDIP 8LD Stifl Air 120°CAN
S00LF / Min Air Flow 68'C/W
CERPACK 10LD Still Air 225°C/W
500LF / Min Air Flow 142°C/W
Ceramic SCIC 10 LD Stili Air 225°C/W
500LF / Min Air Flow 142°CW
Uic
Metal Can B LD as'cw
CERDIP 14LD 13°CAW
CERD{P BLD 17°C/W
CERPACK 10LD 21°C/W
Ceramic SOQIC 10 LD 21°C/W
‘ackage Weight (typical)
Metal Can 8 LD 990mg
CERDIP 14LD 2,180mg
CERDIP 8LD 1,090mg
CERPACK 10LD 225mg
Ceramic SOIC  10LD 210mg
laximum Junction Teperature 175°C 150°C
oad Temperature (Soldering, 10 sec) 300°C
‘S0 Tolerance (MNote B) 2000V

5 www national.com
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Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup T Description { Temp ("C) _]
1 Static tests al | +25°C
2 Static tests at : +125'C [
! 2 Static tests al : 55'C ‘?
4 Dynamic tes!s a ' +25°C Tw)
;F - ) Dynamic tests al +125'C 1'
| 6 Dynam:c tests at ~-55°C
7 T T T Functional tests at +25°C T
B A Functional iests at +125°C T
o 88 ;E Funciional tess al 55
) A Switching lests at +25°C
10 Switching tests at +125 C
R 1 Switching tests at -55°C ) ,
LM108 Electrical Characteristics
DC Parameters
The following conditions apply to all the following parameters, unless ctherwise specified.
Ve = £20V. Vi, = GV
.
Symbol Parameter Conditions Notes | Min | Max Units Sub-
: groups
Vis input Ofiset Voitage Ve = -1BY 20 |20 |mv 1
a0 130 lmv 2,3
Ve = 15V 20 |20 |mVv 1
30 |30 |mV 2,3
20 120 mV 1
3.0 130 my 2.3
Voo =5V 20 |20 |m¥ 1
-30 |30 mv 2,3
o Input Oftset Current Ve = <15V 02 |02 nA 1
J_-CIA 0.4 nA 2,3
Vo = 15V |-02 {02 |nA 1
04 104 nA 2,3
02 (0.2 nA 1
04 |04 nA 2.3
Veo = £5V 02 {02 |[nA 1
. 04 104 nA 2.3
tlg Input Bias Current Vow = -15V -01 |20 j§nA 1
1.0 |30 nA 2,
-0.1 |30 nA 3
Vom = 15V 01 {20 |nA 1
-1.0 |30 nA 2,
-0.1 |13.0 nA 3
0.1 |20 nA 1
-1.0 (30 nA 2,
-0.1 |30 nA 3
Veg = 25V .01 (20 |nA 1
-1.0 (3.0 nA 2,
-0.1 3.0 nA 3
PSAR Pawer Supply Rejecton +Aatic { 20V <= Voo <= +5V 80 d8 1,2, 3

wewrw national.com
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A108 Electrical Characteristics (continueq)

= Parameters (continued)

2 following conditians apply ta all the following paramsters, unless otherwise specified.

o= 220V, Vo = OV

nbol Parameter Caonditions Notes Min | Max Units Sub-
groups
A Common Mode Rejection Ratio |-15V <= Ve <= 15V 85 B 1,23
| Shont Circuit Current Voo = £15V 30 |10 | mA 1.2, 3
Shart Circuit Current Voo = 215V 1 0 mA 1,23
R Power Supply Current 06 |mA 1
04 |mA 2 !
0.8 mA 3 |
Input Resistance (Note 13} |30 M2 1
Input Voltage Range Vee = 15V {(Note 12) |14 A 1,2
{Note 12} -14 |V 1.2
(Note 12) | 13.5 v 3
(Mote 12) 135V 3
(Note 12} |15 v 1,2, 3
{(Note 12) -15 |V 1.2.3
. Qutput Vaoltage Swing Voo = 215V, B = 10KQ 13 \ 4,5 6
, Cutput Voitage Swing Ve = 215V, R = 10KQ 13 |V 4,56
s Oren Loop Voltage Gain Vee = 215V, R = 10KQ, (Note 10} |50 Vimy 4
Vout = 0 to 10V {Note 10) |25 V/mv 5,6
: Open Loop Voltage Gain Vee = 15V, R = 10K {Note 10) [50 VimV 4
Vout = 0 ta -10V {Note 10) {25 Vimy 56
\C Parameters
1e following conditions apply to all the following parameters, unless ctherwise specified.
ce = 220V, Vg, = OV
- . . Sub-
ymbol Parameter Conditions Notes Min | Max Units groups
R Rise Time {Note 13) 1.0 us 7
18 Overshoot {Note 13) 30 % 7
7 www. Nauonal.com
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