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ABSTRACT

The purpose of this project is to study the level of electric field strength and
magnetic field density. The prototype of electric field measurement is designed to
measure the electric field strength in power systems which is calibrated to the
commercial AC electric field meter to analyze the magnetic field density comparing with
transmission line workstation (TLW) program.

The advantage of this thesis is to form the quantity of electric field strength in
any area. TLW also gives the suitable electric field level for power system based on

safety and economic strategy design.
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é’oﬁ’un'\{lfa'lmzuuamuﬁﬂiznau@T'm'i'aqau'mﬁﬁﬂ'uﬂafﬁﬂ?l’Jﬁ@haﬁumnq 926189
y ~ "/ o = P & P o * -
zasziniufiiew LWﬂzmwmm@amu'lvlﬁmmﬂ'lu‘nuamumq§wu‘lﬂmn Taaz

dudnaro thamanusaatnd) 1o
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Luawmsmamwmummaq ﬂuauluamumm.'lmﬂ dy ~ duszd,— 0
KD IETH EON

gl - ¥l _V

dl d
uar E2 = ‘9_1131 _ El
£2 4

wiiuldimilFannudsduluaniu ez lihsAndnnunmudannie
Lusnm‘mwaa's.uua.mmumu stmmmmnwuamummnnmnuamum-mmuu

mawanmnaummamwmmumomawaamn 7 183M1wunInag erafiann
v\mﬁuummﬂamamnTmﬂnuamumaaumuuunu‘luaun'lummm,'l@l di— 0

WAUN E, fisigatis 4 iwas €, FanuaisaawinWiA E, fitAaluftu
BIMAUI ua'mm'lv\mﬂn'rmn'n'lsa'lwnumn'm'lm wIaunin MIARTISILIIEIN
(partial discharge) muumﬂmmwaaummmaa's,umwuamamn'l.unm'uaamm
Waafhe wiasuanme Tuilsawinuasyiinsenda

@989 2.6 - 1 ﬁtﬁnlﬂmLL;iu'::u'IU'J'lwmurTuTﬂuﬁs: =W 2 Cm uastlauusaan

m'am:whnf‘aaLﬁn'[mm‘hmmﬁum:uﬂﬂé’u 35 kV AWE 50 Hz frawiussninoudy
sswiuifluannia wmauaToaany Wi zninddnnsaszuuaasinuadi
AnunImMudaan Wi wasamendin E, = 24.22 + 6.08Vd kV/em uazdlfunu
lufmw 0.5 cm At lusninedasi§nlnse (asrsdanuududininsadunis)

1] ‘l: = [l o L2
fnnuamuuasawuluzuuszdtiunialy dnue € vaslut = 4

- -] i z -] » - u‘ b l‘:
A8Mm ﬁ‘WlM'l'r'l'N"IT:‘H’J'N'ﬂ’)ﬂI.RﬂIYI’.iG]lLNuﬁ‘:u'IULﬂuﬁu'llJ‘lNW’lﬁll'llﬁlli] AIUU

o<

35V2

= - = 2475 kV/em

uazFianuaImudaawn Wi vesatnmeady

E, = 2422 + 508 _ 28.52 kV/ecm
V2
& y a 4
E, > E ; awnameaiazlifisiuinanny

Wannudulumznintadnlnias 1
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di = dy = 2-05 = 15 Cm
d2 = de = 0.5 Cm
uaz & = E&an = 1
= ngicra = 4

s Wi e tauaneasain

El = v 1
di+e2 (£
£2
3542
= ——Ll— = 3046 kV/cm
1.5+0.5 (=~
(4)
uafATuAINUYaIa AT
6.08
E = 2422 + —— = 20.1%8 kV/cm
b .5 /

E, < E; ;atifiamuusnenniludimzosanea
: a v w el . . o v & s
aﬁammﬁtmnm?ﬁa:mlmrsmunmumauagmmu‘lummmmﬂu

E2 = =22 = 9899 kV/ecm

3 LK) Lo [} - .‘4 . a J 1
wiinlainslsudulumueaulunanivenmenz litio s LuanIngaw ues

o > o L2} : o L . T o v o a [} L J L
ltAawananfldieivandie wazdr lidasmibiiAaiuaeniusinlumiloeds

nuaNnuaIvaswa i ldadraas 98.99 kv/em (Und'luffisrnnuaimu 170
kV/em )

2.6.1 miawInlaglFaurnunsnuannu

uwannmMIRIINTTUUNMIRMIKIUUTauin (udnuosuauin @'fﬂuyﬁ'i 2.8
KEIRUNTT (2.23) Uaz (2.24) Saanansnltndensvaunyni luavindouiudisiu
ANBOSUNTNREUNY Imumm:mmmuﬁlﬁ’aqnauﬁ'm:whwaauiaﬁumaamma:‘lﬁ'
unlumalWilussgs Tﬂmnaom‘iaa:l‘ﬁ‘lumsﬁﬂﬁ'uﬁmﬂﬁ’a;j'lu@‘htmmﬁﬁaams uaL
amuradnaITIrITUIEanuTau g drat1suaInTanIudN L Es NTEa M
'qu'lﬁu u’%aﬁ*‘ﬁu’luuﬂaLLﬂao'lwﬂ'ma:mLﬂmmqq lunsiensiezfiadn dreany
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] et z -~ ] A ] ot I': ] - oo
MHUNANS IWFh (D) Tuawiwmiaasriariiu dastmnuradsmzuudulasiafiia

vauszuulasTI (resultant permitivility) €,,, w1ldan

D= §.E (2.25)
lag D uaz € (fludranammuiunsnd Wi wazdnaMuesaaaun Wi Lady
[ A -
UNIYITZUY Uase e

D = gresE = & E1=82E2
MNFUNT (223) uas (224) WYIUEN E, uaz E,

|
& E "_(dl_/ag+(d2/d)'
el g2

.V . - - & e - &
1 _(; ﬁﬂﬂﬂﬂ?ﬂ&llﬂ‘iﬂﬂﬂuﬂu\lwﬁﬂlﬁﬂLI‘UB\]YIG'J'Z'U'U ﬂ%BL'YI'lﬂ'JJ E @l3uw

4
d

1
= 2.26
b TG (@) @20
el £2
AFAFIUAMUNUILURYDIAUIN (d1/d) waz (d2/d) arwrsounwlddnsen

PNasqUANT v, 1az Vo e wdeu aannesle v,

1
V1L V2
— _.+__7_
el g2

€oe (2.27)

ﬁm%’mzuunmuﬁﬂsznauﬁdu’fﬁ@l n -nﬁmmnnauﬁ'uaga:‘lﬁ'f

1

Vi W2 Vn
- 4.+
el &2 n

8[&9

1 w38 100 %

—1
9
=
g
<
1
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A0 2.6 - 2 lummmuaﬂmmﬂlﬂﬁmnawuwm lFn1ranius BNITAINTY

viaiu (Oir- -impregnated kraft paper) Tﬂuluruummmuﬂnnaumm'naﬂTaa (m.mu)
75 % loot3uag munmaatﬂumuuamu (Mineral oi) 9amrdlasiadsaves=uy
aumil fimue € maamagfaﬁ =6 &, £ = 22 &

3517 Annlandasldi
8.—1 = 6 . V1 = 0.75
€, = 2.2 TV, = 025
1
Eres Vl V2
sl 6‘2
- 1 = 419
075 025 =~ MU
bg, 22¢g

i . [ & ]
26.2 m‘mwm'zmunmﬂuﬁu‘lun'sa NITUDALAUIIN

mylfanndantumiugu 9 mansnbanldsslomilunsawiuauwatwimily
faiLaue (nonuniform  field) lef Tmm"mu'lﬂmwmmﬂamu'lwﬂ'ﬂ.wm@amu uAn
riafenlndifnanuin mamanmq‘lmwmu‘lwamu'lwﬁmmwamLaua'uu It
awndnsmsieslslusm o dausesdunszuaady 4 Favzaunamiingu g ludnsmeily

NTINITLaNLAWIIN ﬁauam‘lugﬂﬁ 2.9

4 A .- &
sun 29  wiheavasmuaiia Coaxial AlinnTauwiudauuru

- - ; » e
ﬂ?ﬂﬂ%?%ﬂljﬂﬂﬂﬂlﬂﬂﬁ“(ﬂ 9 979 NU
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131 2.10 suudmsaidiadinisaniu 2 'uunauiﬂu'lmammunumtﬂamﬂm
Sanilu 81 waz & u.nu.nma;ﬂummmmmruan muuamﬂuman7~uan'[amuuua-
ﬂamﬂumﬁﬂamummuaunuummmmuﬂnmﬂu Cy Uaz C; sinaynIuin Fntuan
quN13 (2.28) :mmmmmmmmuﬂ‘:.ﬂ"lmﬂv.

C = %= 2rel 2.28)

”oﬁfufhm'umﬁum:qsiaumuﬂ'nurJ'n (C'y upr C', )iy

'y = 2nel
InZ2

h

c, = 2nel
in

r

danuivdizyTudemianauend nununania r, i

c = GG
G +C
2meE,

r r.
gln2+e,In2
r K

n 1

o ) F.Y =
Uzguimisanusmasaada (Q') anflu

Ql’ = CI'V

2ne g,V (2.29)

r, r
gln2+g,1n2
n h

Aasanfiszesnng X < 7, lag anununans axfiusedwdiv

2ree, -V (2.30)

-
Ci(eIn2+g,n2)
r I
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uazaamaInaru Wi Ad unie X azdiu
QJ
2ne x
g,V

Ex = (@ =0/1)

r, Iz
Xe (eIn2+¢,In-2)
n d

= 4 (2.31)
X&‘,[(Llni"i+llnr—2
&£ nn & 4

ﬂA = -‘; s L 3
lunsdfiowiudl m o4 aagUasldin

4

xe ¥ l-m(fmJ
rﬂ

n=l gn

Ex = (2.32)

v

Taw v 1 Julsidn (a.c) Ansauranug uas g, udnlasiadddvasaninlutu
YBIRUIUATIOZNY X INUNWNAT

IINFUNT (2.32) wRnldlumsauinuuunianizuandauiu eraualwin
AU UFAFIUNAUNUTZHZHIINRAKNAN n@iﬁqmu“‘mmmmﬂ'amammu(rn) didn
anueiuaany Wi R s agasinans iuiy (ﬁ X <r, uds X = r, 61 E 92603N%09
RUNTT (2.32) UWRZAIINLATLA ﬁmu'lwﬂ"lgqq@mawmuu@ia:%muﬁmﬁumi’ﬁﬁﬁﬁau
ﬁqamamda:ﬁ (X=r) @Touﬁm'lugﬂ?i 2.10 ﬁﬁﬁaqmﬂﬁmmﬁmﬂ?uaﬁmu'lwﬂﬁgoq@\

' & ‘ y s a v a A
Tuudazrulidurinmu szmansaildlasaanuuuliiagawindien €, r, aefi dagums

E, = 82 » = ... = E.rn = ﬁ’]ﬂﬂ‘ﬁ (233)

E(x}

H
1
1

n T 0 [ X

51 2.10 nerugassnuWiinszegluanmeaiia Coaxial lasaanuuy

FIUTUNIT (2.38)
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gafinanludrinfidn €, r, W@t AnunIoamw U TWANRIER (En,) Tuus
azTuazi szl NI MI MU LN TIN 2L an-naumw.'l.mﬂmmu-nwmauuan
umlﬂmmmﬂaﬂamauq \wasanuuuli €, r, fifnaefi damatu meudausagald
i uaznizamiraglasdauiwiuaniudnsling: mmmagiamﬂuamu‘nu’luua:
ﬂ'muamv.maagmuuan

2.7 nintizasania Il luanin ( Dielectric Refraction)

Iunstﬁﬁamu'lwﬂ'wimm'lﬂﬁﬁdmum‘avammuﬁﬁmtﬂa%ﬁﬂ%‘ﬁﬁ (E) AU
d’ququﬁ‘lajtﬁﬂﬁu 90" fansvasawmu Wi wlafianavasiniaatanurnintiuyad
sw Wi (Fdisplacement) azi@owltilori G sawiuriodt 2 Taovalueziadnli
fhlyz98a3t (free  charges) Avsiimsanda ua:ﬁzﬁmﬂizqmnmnﬁﬂlwam'lﬂ.'n'&"u
(Polarization : n"m'fﬂﬁuaﬁﬂmwaaﬂsquua:ﬂaw?atumqmﬁagnmﬁmm) Wasen
ﬂu"lu'lﬂﬂ"wjammamiam']ﬁv'u Eﬂﬁ 2.12 meﬁﬂmwaaﬂmu'lwﬁ'lﬁvjm'm'i:wi'm
awnfidautafiedda (diu €, usr € law £, &, lagauu Wi £, ssvniwfianal

a

Wuuwr €, wagdfidenuaToagawian Wi luuuiswnisssatin@u( €, = Ey) uassin

L -

anunwILiRWand wiad Displacment luuwiswiuiuidwn@vinGy (D, = Dyy)

'n.ln 2.1 'sﬂuﬂmnﬁmwammu'lwﬂﬂmﬂauu‘lﬂmawammaumaﬁ > &,

- - - - oo o
PinGanlafnd T WudaursoRarsun laaad

D, = D, . E, = E,
a 2 12/
P /&

- EnZ
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uaz &&E) = g (62E,)
£ - b
& D.-z

La f_[_ - E.rl /En[ = tan al
& 02/ tan cr,

L ansodouaunsldiiu

tan ¢, E, D
tan cz, E, D,

(2.34)

]
]
o o

'lumoﬂ;]usma watm@umnumamﬂuusmuni*uama s:fit)seydasrazau
Tufinsuda mmmmnm'ml.mnmwaammwm (Conductivity) waaian (w3ai3uni
\fia Polarization sxwinafafuda) FIUUTIGUNTTUSRAUIz e T T RS (2.34) luns
aTeile

[

V2% /‘7’ 77

s <
LU_)

Location of high electric field
/sWesscs for £ < g,

A [ e ] L L
sun 2.12 mMmaFsufURIauUINe N8 IuHuanwIa LT (£,) sanwalanasiu

u

S l'-li- ] - H‘
Eﬂuammnmnumﬂ'nmmmﬂmu'lwﬁﬂga( e &> &)

aatnrenIngmIninfiae dafimslfnuanmrauds (mmtﬂam@mmm
nieme it-m'l-nLnﬂm'}mmum{mu'lwﬂﬂmauma‘uaammﬁnuumu'lﬂ mzmmlmﬂ
fl 2.14 mammmmaauamuwaaumﬂﬂu'l‘namnfmmﬂmunaumaoTﬂa (Rogowski's
profile) lausiainisas znamavawIumldauuIwiasitaus (uniform field) dn1s
nﬂﬁauum:mlumsmmﬁﬂnﬂ mmmwmtﬂammmm £= & muaun'nmtﬂai
SaadfvasawIutaInd g, mnmmlmnmmwLmumamu‘lwﬁm-ﬂaamumaummmn
uraInlgnaT) susssuusnanifiialdezdinitiiiuesa WWIIzAzIianeaT$e
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TuABumdns e wazanfunsdanfliswdewsnen i, 2 Fadumsiaiuse
m’mn’muanﬁmu‘lwﬂmmmua (manvauldy)

r.wav\amauaﬂﬁngm7mumuna~umﬂﬁnwaﬂmﬂuﬂunummmﬂmuﬂami
WIne g g wiaanaldaminvaanantan waziseelidlefieddd & > g, s
mu'lm'lmmmaua,mumammamaumammnrmmmﬂaauamum‘nmaa.mu
YDUMAD

athalsfimuaunis (2.34) idesusath lulFlunsfanson wiadagiey
sl luszuunisaninld wazlumsldouananlanialudugng: timildu
awluansuswatwnausiig lavenafiviamauszvasudole wulugeyuy GIs Faa:ls
Mo SF 1 {uauy u.ﬂnuomaaum's'l'namu-uaaLmalummuumaﬂnsmmamm

inn-n‘lﬂnmummnumnmnumﬂmamamunﬂunuwaa zanansaagylen 1y
n'rs'l'mu'nwnaunu'luﬁmu'lw'ﬂ"nuuuammuaa-‘lm € Ey = & E, MAaIauiu uas
tmumaLanTnmlmumnu muuamunumtﬂammﬁ%ﬁdwnumn‘] Tliaasliin
AUIUTaUNY Lm1~ﬂTmmmﬂamu'lwﬁ'l'lua.mmma“auﬂ'l,urmnu faluniniuAde
a.mimumtﬂam@mmmwhmﬂﬂmﬂmﬂaum‘lwﬁ"mEN GavlWennnunamugams
winarmfvadrzuuauIuiianas mu'luamu'lwﬁ'm'l,uﬂu'naua (VT NIINTTUDNUNG
30) mﬂmxmwnaunumtﬂammmﬂmacj nuarsusnislwaur s Wi dany
minauatiule iwas s ldienueToamuna Wi luudasfudidninddoetule

a a
2.8 amuu.aimgnuazamm‘lﬂﬁwnmmmn‘lﬂﬂﬁuwgga 2]

m‘sﬁaﬁ1é’a"f.wﬁ'ﬁnngwﬁa‘lﬂﬁaﬁnq@mﬂa lasfinsgarm& Wi i uni ss e
a21n a:ﬁw'lﬁ’Lﬁﬂwmu'lwﬁ'lua:ﬁmmuimﬁmﬁﬂ'ifm:winmm’l"ni"uaua Tan#
s WA AsNUIIsuAnaTauaY 15y lunsdlssun WA § 9N 1895 osed
TUIN 500 kv, 230 kV, 115 KV, 63 KV 3 nmIAnEIwuitatrasauy Wi CEAV2R PTRT)
ANUUINVBIUTIA WUz UY ﬁmamuuﬂmﬁnm‘fua:tﬁﬂm:uaﬁ'l,wnmu'lumuﬁa N
N1IAREIWYTY ﬂ‘ﬁ'mm'uaam:uaﬁ‘lnamu'lummiaa:ﬂ'maeian’mﬁmammuuﬂmﬁn
dluszuudsiodnszugmoluasdunn Az lWBnawasawuinindidunn

2.8.1 awwimdnuazaw i fiianndi e Wi auen s W3I§IVes
My A snRauradseinalng uuuaainumaa‘lﬂﬁﬂﬂul-nmumummmw Bundle
conductor fg 'mea.twﬂwﬂi:naumnmmv\mumu (mum 2 Lﬂu'uu'l.ﬂ) lasszuziing
ewidwlumofiawfmanzenlsssnm 10 - 15 invausuiuguinaavaLfutan
Fam3lWidhondauadsznalng larmuaszosvag¥aail FUFILTIFIVUIR 500 kv
MM 4 bundle Trzusving 44 UGS FUTIUTIFIVUIG 230 kv Suaudil 2
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bundle Uas 4 bundle Uszti2¥9 40 WwuGtuAY TUFIRTIFIVUIN 115 kV $ 14U 2
bundle §3x02¥n9 20 (udLyes NMadumedds witadidai

1. m'mmuauw'lwﬂwLLa-mfmmamuuuauwuumanammaam

2. Lwaaﬂmmwmummnwaomu'lv.uauaq fIHa AT uaw U IWRA

VOHER

3. ma'lﬁn'm:mumw%’aulumuﬁi‘fu

4. tﬁa'lﬁ'mmmﬁ'mmmmmaqmuamaa

mmmmLLﬁmLUun'lwn'mnwmaoamu'lﬂﬂwmnmmnmuaummnlﬁmm
Wiamuny 2 a3 4 1§ Whsuifsuiuame Wi gy

2.8.2 wnvaImn Wi uazswanimdndanuuasda NaNIzNUNIaduaIY
nawWRusssuuwingn Addenuuazdas Tmumwmmuuaumanmomnau
'lnamumtmm o umwmnnnamauﬂﬂnna’mmmmmnmmnamaﬂamwaaﬂu
uardad Tmuamnmu‘naﬂ International Radiation Protection Association (IRPA) o
nwum~auaaamaoﬂmu‘lﬁlﬁma TAUINWAULMAN mh“m'nummﬁ‘lmamaﬂaamnu'h
MNATIT 2.1
A19197 2.1 findhnagegavasm Wi ussawuiingn 50/60 Hz

SUARE E uas H anuuaw Wi E ) ANURUIUURLEULIIUNAN( B )

gowliznaunis

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

- B9 30 KV/m 50 G (5.0 mT)

- IINa@anIzLIun - 250 G (25 mT)
Cab P ITeS

- anaa 24 Falyg 5 KkV/m 1.G (0.1 mT)

-2 - 3 il 10 kV/m 10 G (1 mT)

‘l L3 o L7 sy 1| -
A13N 2.2 Tarimuannuniaaadums Wi ussms Wi donae [4)

]
. ITUEINYANINRIILE .
PWIAUTIAUIWEN( KV ) : Muvaduss Wi m)

aanly duas (m)

69 9 18
115 12- 25 24 - 50
230 20- 25 40 - 50

500 35- 40 70 - 80
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210 adnwsitianuazadnusivnSn I uandre fnagrols

aduuamdn Wi dsasuiiaga
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2.Non-ionizing radiation '[G'fl.tﬁﬂﬁ'u (Radio-frequency energy), w8 (visible light)
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4o s
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raulunanezluoy uaitioulsinesifiuuny 8-pin Dual-in-line Package 738N
minidip a93U7 2.14

T
=1 8
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2.15.1 2vrronuauaauuylindunIaanans (Non-inverting  Amplifier) 1fln
o e v o w . a a P
Aashrwinnassusaawuuy induaSamane W9ezUN 2.15

Non-inverting
Gain=1+R/R,

Vcc
Vp———F v
_ [ Tout
- Vcc
M
R R;

51l 2.15 2993 Non-inverting Amplifier
Tar Gain lumsusnsfia

- (2.35)

2.15.2 29971y nauaznIadanuiiendiuled (Cument Feedback Amplifier

Low-Pass Filter) Yiwifinsasnnuddldsenluld amunsosesdyyimuaziinng
flaunsurassygnmlameazln 2.16

Gain=1+R//R,

Fo=1/(22R1C1)
Rl VCC
[ i S—
Cl I
- -Vee
AN

szé'- Re

o o .
3!]1’1 2.16 Current Feedback Amplifier Low-Pass Filter
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lag Gain tunsotne8e

Gain = 1+—L {2.36)

wszezniadnuiifieundy anud £, exntadlithulyleas
!

F = —_— 2,37
° 27R C, 2.37)

2.15.3 'Jniniammmmmmmnﬁ'lLLmﬂ'J'mnm (Band - Pass Filter) 9z
Usznaudegsasildmanudeing (Low — Pass Filter) LLanmiﬂ'lﬁm'mnmmu (High—
Pass Filter) LLRJil::ﬂ’lﬂ’l'iﬂEluﬂJ'iUﬂ 217 Uz ﬂJ‘H 218

ouT

R1 R2 \k
V[N "‘"VV\: AM l + V
C2 /I/

Fo =1/(27RC) = “Vee
R1=R2=0.707R A
Cl=C R,
C2=2C

gﬂﬁ 2.17 Current Feedback Sallen - Key Low — Pass Filter

lagsrfidaatinnltluleey daimuaa Ry ifidaInTeensadlvlIY uas
L3 [] L [l r - J [} L [} ] e J
MUKAAANNEIUNIU (R) Mdfiudszy (©) duuasnavudrForemanene qlddad

F = _ 2.38)
° 2 7RC (

R, = R, = 0.707R (2.39)

C, = C (2.40)
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AN
R2 Y
c2 I ¢
_/]/ VOUT
Butterworth Ri Ry
Fo = 1/(22RC) L «
Cl=C2=C AAAS
Rt'
R1=1.414R
R2=0.707R

31 2.18 Current Feedback Sallen — Key High — Pass Filter

MIMUIUMIAIGI 9 inrmJn 2.18 HFail
Fo ) 2 Jr;C
c, = C, = C (2.42)
R, = 1.414R (2.43)
R, = 0.707R (2.44)

2.15.4 WM MmN AC 1lu DC (AC to DC converter) 9evnsilEen
Ranaen AC i DC Tasfidamuenodiu 1 ¢ 1 fa7UA 2.19

€3
] o

Rt

N

i

311 2.19 AC to DC converter
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4.5 UHUAIN INAGDY
n1sNAReSH wa UIAH (v) NIZUE (A) LBZSAG (m)
1 ABC 11U ABC 22 400 0.70
2 ABC YU ACB 22 400 0.70
3 ABC Y11UBCA 22 400 0.70
4 ABC ¥U1U CBA 22 400 0.70
5 ABC YU ABC 33 400 0.70
6 ABC Yu14 ACB 33 400 0.70
7 ABC 9414 BAC 33 400 0.70
8 ABC %17 CBA 33 400 0.70
9 ABC Y411 ABC 115 1300 0.80
10 ABC %114 ACB 115 1300 0.80
11 ABC 9114 BAC 115 1300 0.80
12 ABC Y114 CBA 115 1300 0.80

4.6 N1INAAD

4.6.1 MINANDINUIIAU = 22 kV, NTTUA -~ 400 A, 520z Sag = 0.70 m MsiSoaanu

e ABC 11U duda ABC

‘I“SIIIIBIC“SIIIIBIIIIIIIIIBCIIIII.IIIIIIIIIIlﬂllI‘&IIII&IIIII'IIII{II'&C

YOLTAGE CURRERT ¢ | BUNDLE COORDINATES

BNDL | CIRC | VOLTAGE J ARGLE LOAD |ANGLE| OF | X ] Y SAG Pyt

4 2 {(kV} F(DEG) (A) | (DEG)ICOND} (n) | (n) {n)
EREXRRIRAXLAEZAAURREAHXTRAURTRESRZE SR RN EEREEHIERIRRT R RERN TN N IR R

1 1 22.01 0 400, | 0 11} 1.00] 9 85| .M A

2 1 22.0] 240 400.] 240. 14 N | 9.85] .M B

k| 1 22.0% 120 4Dﬁ., 120 14 =1.00] 9 A% i C

4 2 22.0 0 400. ] 1| 1.00{ i1 B% .74 A

5 2 22.07 240, £00.| 244 1} .40] 11.854 .70 B

[ 2 22.01 129 400.] 120 1} -1.00} 11 8% .20 c

7 1 0 0. D.! q. 11 .0a] 13.85 .451 GKD
AR RN IR IR MR TR TRIN N TEINN T TR0 20T 9209690 TE 900 2 0040 T4 T IS A
L] KININUH GROUND CLEARANCE = 9 15 notor -
- POUER SYSTEH FREQUENCY = 50. Hz L
L] SDI1 RESISTIVITY - 100 oha neter =

I&l¥ilIlﬂlllIHU&IIﬂ'&IUﬂi&l‘%‘lldilll‘i‘Ul&h&I&8&4Ul‘&&b'&.ll‘i&&"‘bllli‘

.II‘II.III.II“‘.I:‘UII“..II.IIl".'.3..lﬂlll,'l"l“.‘l“.“IIII“S‘I..l'l.l

" SUBCONDUCTOR INFORMATION — REGULAR BURDLES -

!IlIIIIHllllllIIHHllIIIIIIHIlIIllll'lIllIIlllIll‘ll!!llI!lllﬂhlllIlllhllllull

IBNDL | CONDUCTOR | DIAMETER [ SPACING | DC RESIST | AC RESIST | AC REACT |
£ | NAHE | (em) | (cn) | (Shwrkn) | (chaska} | (obwskn) |

‘“'.'I.l'.IIIIII.IIIUI‘.IIIIIIIIIIIIIIIIUIII'II.ll&llllﬂIBSIIIIIII.IIIIIIIIII

| 1 {RATCH I 1L.S40 4  .000 | .2350 | .2350 | .2960 |

| 2 [RATCH ’ 1.540 | .60 l 12380 | -2350 I "2980D
3 |RaTcH 1.54D -gao .2350 | . 2350 .2980

| 4 [RATCH | 1.5¢0 | .q00 | (2350 | .2350 | '2980 |
S RATCH l 1.544Q .agn | L2350 | 2150 | .298D I
6 |RATCH L.540 .000 .2350 ] .2350 .2980
7 |1s2Hg 1.260 | 600 | 2:1388 |  2.2140 | 3710 |

IllltllIIII&‘S‘““I&II&IKSI*III8‘38‘uﬂllllIIII&I&I&Ii&!ll‘sl“li'l&l‘sl*“lﬂt‘ll

Ui 4.1 dmsrdimesaiee Afloufiusedu- 22 kv, nssta = 400 A, 3202 Sag=0.70 m
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LATERAL MAXTMUM MINOR/MAJOR SPACE
DISTANRCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL FPOTENTIAL

{feet) (meters) (kvV-m) {ratio) (kV/m) (kV/m) (kV)
-164.0 -50.00 .004 .004 .004 .aog .004
-147 .4 -45.00 .00s .005 005 .000 .00s
~131.2 =40.00 .007 .00s .007 .000 .007
-114.8 -35.00 .009 .oos .009 .001 .009
-98 .14 -30.00 .013 .005 .013 .001 .013
-82.0 ~25.00 .020 .005 .020 .ao2 .020
—65.6 -20.00 .032 .0o0s .032 .003 .032
=-49.2 -15.00 . 055 .004 .054 . 006 .055
-32.8 —-10.00 .093 .002 .093 .009 .093
-16.4 -5.00 .12% .012 .125 .002 .123
.0 .00 .0514 .316 .050 .028 .050
16.14 5.00 .070 .054 .070 .006 .069
32.8 10.00 .058 .002 .058 .a0s .058
49.2 15.00 .034 .011 .034 .0064 .034
65.6 20.00 .019 .01s .019 .002 .019
82.0 25.00 .011 .017 .011 .001 .011
98.4 30.00 .007 .019 .007 .001 .007
114.8 35.00 .005 .019 .005 .000 .605
131.2 40.00 .003 .019 .003 .000 .003
147 .6 15 .00 .003 .019 .003 .000 .003
164.0 50.00 .002 .018 .0o2 .000 .002

3 4.2 frvssen T Aus adu= 22 kv, nseue - 400 A, 5202 Sag = 0.70 m
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Dreiencs ( maters )

1 4.3 3wy T fius afu= 22 kv, nszua = 400 A, 5262 Sag=0.70 m
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(==———————— AC MAGNETIC FIELD >
LATERAL HAJOR MINOR~ VERTICAL HORIZONTAL RNS

DISTANCE AXIS MAJOR COMP COMP RESULTANT

(meters) (feet) {uT) (RATIO) (uT) {uT) {uT)

-164.0 -50.00 1.15 .000 1.07 .42 1.15
~147 .6 ~45.00 1.40 .000 1.29 .56 1.40
~-131.2 ~-40.00 1.75 .000 1.57 .77 1.75
-114.8 =-35.00 2.24 .001 1.94 1.11 2.24
-98.4 -30.00 2.96 .002 2.44 1.68 2.96
-82.0 ~-25.00 4.09 .004 3.09 2.68 4.09
—65.6 —-20.00 5.94 .006 3.82 4 .55 5.94
-49 .2 -15.00 9.23 .011 4.10 8.27 9.23
-32.8 -10.00 15.33 .019 1. 16 15.28 15.33
-16.4 -5.00 25.60 .034 14 .08 21.40 25.62
.0 .00 32.93 .048 32.93 1.59 32.96
16 .4 5.00 25.12 .038 13.72 21.06 25.14
32.8 10.00 14.88 021 1.10 14.94 14 .88
49.2 15.00 8.88 .011 3.90 7.98 8.488
65.6 20.00 5.68 .006 3.62 4.37 5.68
82.0 25.00 3.87 .003 2.91 2.5¢6 3.87
98.4 30.00 2.78 .001 2.28 1.60 2.78
114.8 35.00 2.09 .oo01 1.80 1.05 2.09
131.2 40.00 1.62 .002 1.44 .72 1.62
147 .6 45.00 1.29 .003 1.18 .52 1.29
164.0 50.00 1.04 .004 .97 .38 1.04

3 4.4 swesauuimAndius siu= 22 kv, nszua = 400 A, 5202 Sag =0.70 m

Wagneuc Fuld Prefie

BField (MC)
o
|

’ T——— —trT—TTrTtr—r—r——r—t— T—F
- I 1 I T _ﬂl . » -
st anc | moters )

31 4.5 nslanimBniiug siu= 22 kv, nszua =400 A, 520z Sag = 0.70 m

NNMINADITUTIAU= 22 kV, NTZUA = 400 A, T2uz Sag = 0.70 m AMsSeaauuy W
[y T a ot [] o
ABC wuw nua ABC wunhdau Iihiisgeqe = 0.125 kV/m upgaunuuiimangiga =

32.96 UT
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i =400 A, 530% Sag = 0.70 m Ainsouneauans

&88"833‘“80‘“"““E‘“““"“"ﬁ""“““"”'""v'vw"-:a*uuﬂvnn:nuvuguvguvuuuvvwnuuusg
YOLTAGE CURRENT ¢ BUKDLE ¢ '
BN‘DI. Crﬁc voﬂ'ace ANGLE{ LOAD JANGIE| OF e gnm.irragm ‘ PH
....m..m..-ﬁ.,_.-.SE’?‘EE,,,iél,-lE?EEE-EEEEm.EEE“_,“E':!..,,,E':!,_,-_---

1 1 22.0 0 4001 0 1 1.00 9.485 70

2| 1 22.0‘ 240, 400.f 24D 1 _¢a’ 9.351' .m[ 3

31 22.0| 120, 400.] 120.] 1 -1.00 9.85{ .70 C

¢ | 2 22.0] "o W00} 0] 1 1.060] 11.85] 70] A

5| 2 220 120, 400 , 1200 1 ;a0 11.85 0f C

6| 2 22.0| 240, 400.} 240.) 1 -1.nu, 11.85 .70 B

711 a a. 0] o] 1 .00 13.85| g5} GND
IQI‘IINKRhﬁﬂ“““ﬂl’ﬂﬂlﬂlll!lllIIIIEl.llﬂllﬁﬂﬁﬁﬂﬂﬂlﬂlﬂnlﬂlln‘.ll!tlll.ll'.t.
. HINIKUK GROOND CLEARANCE = 9.15 neter -
- POVER SYSTEM FREQUENCY =  §p. Hz .
. SOIL RESISTIVITY = 100, ohn neter «

IIIl.lllﬂ.ﬂﬂﬂﬂﬂll’.ll!lllllll!Il!lﬂllllllll'lllH*Ill.llllllll'!'l!.lﬂlll!l

IISIIIIIIIl'll‘l.IIII'UIS‘I'I&*&&IIIIIUCIGI‘III"&IIli"lllll‘l‘ll*ll‘l"‘liK

« SUBCONDUCTOR INFORHATION - REGULAR BUNDLES -
lliﬁ!l!'lllllllﬁlllltlIlﬁﬂiiiiiﬂﬂiiilﬂllllilIil'l ----- FHERARARREEIETER AR AR ER TN ERNn
|BNDL | COHDUCTOR | DIAMETER | SPACIKG ! DC RESIST | AC RESIST | AC REACT |
I & | HANE [ tem) | (en) | (ohwskm) | (ohnkn) | (Ghes/kn) |
lillﬂllﬂﬁﬁllﬂ!”lllll!tkltll[!!IﬂlllllII'lllllﬁhE”!lltlll!!ll!l!lllillllltlll'
I L [RATCH | 1.540 . 00D | .2350 I .2350 | . 298D ,
1 2 |RATCR | 1.540 | . 000 . 2350 .2350 | . 2980
| 3 |[RATCH | 1 540 | 0o | .2350 | 2350 | 2940 |
, 4 |RATCH 1.540 | .000 l .2350 I 2350 | . 2980 I
S IRATCH 1.540 | .ooo .2350 .2350 | . 2980
| & |[RATCH | 1.540 § 000 | .2350 | .2350 | .29080 |
| 7 12248 1 260 | 000 | 2.1380 | 2.21490 | 7710 |
Qtlﬂlk!lﬁlﬂIﬂQQﬁilﬂt&ﬂ*!t*&ﬂ*ﬂﬂﬂﬂ*ﬂitulltlli%wwun-##wnnnwn:nnnnnnnnnnu-nnnn-u

3N 4.6 iwanilinesanag fifloudius adu- 22 kv, nizua = 400 A, 5202 Sag = 0.70 m

IATERAL MAXTMUM HINOR/MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (kV-/m) {ratia) (kV/n) {(kV-/m) {kV)
~-164.0 —-50.00 .002 .00s .002 .000 .002
-147.6 —45.00 .002 .005 .002 .000 .002
~131.2 -40.00 .003 .006 .003 .000 .003
~-114.9 -35.00 .005% .006 .a0s .000 .00S
~58 .4 -30,00 .007 .007 .007 .001 .007
~82.0 ~25.00 .011 .a09% .011 .001 011
-65.6 -20.00 .018 .012 .o18 .002 .018
~-49 2 -15.00 .031 .019 .031 .004 .031
-32.8 -10.00 .054 .028 .054 .006 .054
-16.4 -5.00 .074 .034 .074 .003 .073
.0 .00 .024 .300 .012 .022 011
16 4 5.00 .069 .003 .069 .004 .068
32.8 10,00 .056 ,008 .056 .005S .056
49.2 15.00 .033 .003 .033 .004 .033
65.6 20.00 .019 .000 .013 .002 .019
82.0 25.00 .011 .001 .011 .001 .011
98 .4 3a.00 .007 .002 .007 .001 .007
114 .8 35.00 .00% .003 .005 .000 .005
131.2 40.00 .003 .003 .003 .000 .003
147 .6 45.00 .002 .003 .002 .000 .002
164.0 50.00 .002 .003 .002 .000 .002

31 4.7 fvesaum T s wu= 22 kv, nszua = 400 A, 5302 Sag =0.70 m
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U 4.8 ns e Ivhius sdu=22 kv, nszie = 400 A, 5302 Sag=0.70 m

AC MAGNETIC FIELD

RMS

COMP RESULTANT
(uT)

LATERAL HAJOR MINOR/ VERTICAL HORIZONTAL
DISTANCE AXIS HAJOR COMP
(meters) (feet) (uT) (RATIO) (uT) {uT)
-164.0 -50.00 .76 .036 .71 .28
=147 .6 —-45 .00 .93 .040 .86 .38
-131.2 —-40.00 1.17 .046 1.05 .53
~-114.8 -35.00 1.52 .052 1. 31 .76
-98 .4 ~30.00 2.02 .060 1.66 1.16
-82.0 -25.00 2.81 .069 2.12 1.85
—-b5.6 -20.00 4.12 .081 2.66 3.16
-49 .2 -15.00 6.44 .094 2.95 5.76
-32.8 -10.00 10.81 .100 1.47 10.76
-16.4 ~5.00 18.44 .09 9.65 i5.76
.0 .00 24.4¢9 .022 24 .48 .81
16.4 5.00 19.07 .086 10 .66 15.90
32.8 10.00 11.37 .094 1.33 11.34
49 .2 15.00 6.82 .083 3.06 6.13
65.6 20.00 4. 39 .070 2.83 3.37
82.0 25.00 3.01 .060 2.28 1.98
98.4 30.00 2.18 .052 1.80 1.24
114.8 35.00 1.65 .046 1.43 .82
131.2 40.00 1.29 .041 1.15 .57
147.6 45.00 1.03 .037 .95 .41
164 .0 50.00 .85 .034 .79 .31

s R L

310 4.9 ArvosEusimAnfing WWu= 22 kv, NI = 400 A, 5382 Sag = 0.70 m

.76
.94
.18
.52
.03
.82
.13
.47
.B6
.48
.50
.14
.42
.85
.40
.02
.18
.65
.29
.03
.85
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Magnatic Fiskd Frofie

L L LA D O O O

T

Tt r—r—r1
50 15 ] n s
Dislance ( meters )

s 410 AT WAL M AT e= 22 kV, NITUE =400 A, 5282 Sag = 0.70 m

i T -

VINAITNARDINALUTIAU= 22 KV, NTZUA = 400 A, 520% Sag = 0.70 m Na1sSeaurauny e

ABCYUIM AU ACB nutmaunuIwihiidgege = 0.69 kvim uazaunumimingaga =

24.50 UT

4.6.3 MINADBINAUTIAU = 22 kV, ATEUE = 400 A, 720 Sag = 0.70 m N3 suanuy

W@ ABC 11U SUNE BAC

HBUBHEU RS UBERNBEIEEANESHNESSEE LD NS EBNBRENEEN RN MBS R BB SR NS NN NN

UYOLTAGE CURRENT # BUNDLE COORDIHATES
BNDL |CIRC{VOLTAGE | AMGLE LOAD |AMGLE| OF X ¥ SaG PH
& {k¥) {DEG) (a) ({DEG) |COKD {n) (m) {n)

P2 2 2 i g 3t 2y R R R REEECR R CETE R R TR R TR R R R R R R R R R

1 1 22.0| a. 400 8.1 1 1.00] 9.85! .70 A

2 1 22.0] 240. 400. ] 240. 1 .4d 9.45 .24 8

K| 1 22.0| 120. 400.| 124. 1 -1.4aa 9.45 .74 C

4 2 22.0| 24q. 400.| 240 1 1.aa] 11.85]| .74 8

] 2 22.0] 0. 400, | 0.1 1 401 11.85} .20 A

a 2 22.0] 124. 400.( 124. 1 -1.44 11.85 .74 C

7 1 .a Q. a. a. h | .aa 131.85 .99 GMD
SIIIIIIIlllll“‘ll&l‘III““‘UIIU‘lll‘lkIXIII&IUI‘III&I‘H'II&‘SIUOI‘.UU'U‘I
L d HIHINUN GROUND CLEARANMCE = 9.15 ncter »
» POUER SYSTEH FREQUEHCY - aeq. Hz »
* S0IL RESISTIVITY = 1qaqg. aohn neter "

AV A VBB SR RS S BB BB ER B LU B S SBES SRV SN SB S LIRS RN B E R RS RN EN RN RS USRSSPE SRS

300 30 50 305000 DEIR B IOC DT T30 30530 0 003 3438 0 06 50 556 90 00 5k 30 0 0 B0 5 5r D00 S0 00 00 36 00 S 56 30 90 00 01 DE D2 3030 0F 9636 3308 9HOF - 00 5F 55 3 58 O ¥ ¢

"~ SUBCONDUCTOR INFORMATION - REGULAR BUNOLES L4
rhhbaedand st ettt L S P T LT TR T T s L T Ty ST Ry Yy Ty

|BNDL | CONDUCTOR | DIANETER | SPACING { DC RESIST | AC RESIST | AC REACT |

| 2 | NAKE | {en) | ten) | (ohnskn) | (chnskn} | (ochnskm) |
ARAAARAERARAAAAAARARRAAEAEIAANAAEAARARRAARARRARAAARAARARAASARAARAAEAREAAARNLAAAARARNAN
I 1 RATCH ‘ 1.540 | .agao | .2350 | .2350 | .29484 |
2 RATCH 1.540 | .age | .23540 | .23sa | .2980 |
| 3 |RATCH | 1.540 | .ago | 2350 | ,23%0 | 2980 |
4 RATCH 1,544 .aaa .21348d .2348d .2940
1 RATCH 1.54a .aaa .21354 .21350 .2940
6 RATCH 1.540 .aaa .2350 .2350 .2980
| 2 117245 i 1.260 | .aoq | 2.138a | 2.2190 | L7210 |

HRERRNEARAARNRARATRRANRRINT I NICT I TN M DI T 563005 D030 T S S0 30 30 3030 30 5t T 66 M M TN NI HN XMW AR

31]11 4.11 AT 1LABI A1 FitlouRiusafu= 22 kV, NIZUT = 400 A, 7202 Sag = 0.70 m
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(kV)
.004
.005
.067
.009
.013
.020
.032
.055
.092
.123
.046
.046
.042
.023
.012
.007
.004
.002
.001
.001

LATERAL MAXIMUM MINOR-MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (kV¥/m) (ratio) (kV/m) (k¥ m)

~164.0 -50.00 .004 .001 .004 .000
=147 .6 ~45.00 .0as .001 .008 .000
~131.2 -40.00 .007 .001 .007 .000
-114.9 -35.00 .009 .001 .009 .001
-98.4 -3G.00 .013 .001 .013 .001
-82.0 -25.00 .020 .0QQ .020 .002
~65.6 ~20.00 .032 .000 .032 .0o3
-49.2 -15.00 .055 .001 .054 .0086
-32.8 =10.00 .093 .003 .092 .009
~16.4 -5.00 .125 .003 .125 .001
.0 .00 .053 .053 .048 .026
16.4 5.00 .48 .034 .047 .006
32.8 10.00 .042 .018 .042 .004
49.2 15.00 .023 .013 .023 -003
65.6 20.00 .012 .011 .012 .002
82.0 25.00 .007 .011 .007 .001
98 .4 30.00 .004 .012 .004 .000
114 .8 35.00 .002 017 .a02 .000
131.2 40.00 .ao01 .024 .001 .000
147 .8 45.00 .001 039 .001 .00e
164.0 50.00 .000 .066 .000 .000

.aoo

31 4.2 o TIdfhusafu=22 kv, nszua = 400 A, 3508 Sag = 0.70 m

Becing Fuld Fryfie

Bectric Fisld { v/ 7 M)

30 4.13 n3 o Ieius afu= 22 kv, nszu = 400 A, 7302 Sag=0.70 m
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e — AC MAGNETIC FIELD - __
LATERAL MAJOR  MINOR/ VERTICAL HORIZONTAL  RNG
DISTANCE AXIS  MAJOR COMP COMP ~ RESULTANT
(meters) (feet) (uT) (RATIO) (uT) (uT) (uT)
-164.0  ~50.00 1.05 .016 .98 .38 1.05
-147.6  -45.00 1.28 .018 1.18 .51 1.28
-131.2  ~40.00 1.61 019 1.44 .72 1.61
-114.8  -35.00 2.07 021 1.79 1.04 2.07
-98.4  -30.00 2.76 1023 2.26 1.58 2.76
-82.0 -25.0p 3.82 .025 2.87 2.52 3.83
~65.6  -20.00 5.60 1028 3.57 4.31 5. 60
-49.2  -15.00 8.74 032 3.81 7.87 8.75
-32.8  -10.00 14 .61 037 1.04  14.58 14 62
-16.4  -5.00 24 54 037 13.83 20029 24 5¢
.0 .00 31.58 .021 31.57 1.08 31.59
16 .4 5.00  24.04 013 12,68 2043 24 04
32.8  10.00 1427 .028 1.30  14.22 1429
49 .2 15.00 B .57 .027 3.886 7.66 8.58
65.6  20.00 5.52 1023 3.56 4.22 552
82.0  25.00 3.79 1019 2.86 2.48 3.79
98.4  30.00 2.74 .016 2.26 1.56 2.74
114 .8 35.00 2.07 .014 1.79 1.03 2.07
131.2  40.00 1.61 1012 1.44 .72 161
147.6  45.00 1.29 011 1.18 52 1.29
164.0  50.00 1.05 .010 .98 .38 1.05
3UR 414 sivannimSndius séu= 22 kv, nazuer = 400 A, sz Sag=0.70 m
° Megnetic. Field Protie
eSO SO W S
g -----------------------------------------------------------------------------------------------------
L
&
1 ‘J F—T1——t—F% i T T 1t 1

Dstence [ meters )

31# 4.5 s aimnius siu= 22 kv, nrzua = 400 A, s20¢ Sag - 0,70 m

NNMINARDINUTIAW= 22 KV, ASBUE = 400 A, STOS Sag = 0.70 m AnsBoarauuy e
(L) = 1 o
ABC wum fua BAC wudmanu TWthilagean = 0.125 kvim HAS T T ANYIgR =

31.59 uT



4.6.4 M5NARBITUTIA = 22 kV, AssuE -

e ABC v Suida CBA

400 A, 52

UDLTAGE EE;IE;IIIIS!IIII&ISlill&lltbl'llllllllltlnuIII
RENT z BUNDLE
BNDL |CIRC|VOLTAGE |ANGIE] EOAD ANGIE| oF E X |Cm$m"“£§ac BH
r # | (k¥Y [(DEG) {A) | (DBG)|COND} (n) | () (n)
lll&&&ll"llllI&l&l&&l&l&l.&88888888888”“!" ”“"”'“*"“”"“UIII!‘I!UU&‘UI&“&
1 1 22.0] 0 400 ] o 1} 100 9 as| 20 &
2 1 22.0| 240, 400, | 240 1} .40] 9 gg .70 &
k| 1 2r.0| 120, 001 1201 1§ _—1.00) 4 g8 ¥ C
i 2 22.0] 120, 100.] 12p 1| 1.00f 11.85] 70| ¢
] 2 22 .¢| 240. 400. | 249 1 40] 11.85] .20 B
& 2 22.0 0. 400, o 11 -100| 11.85 LA A
7 1 .9 D. 0.1 0.f 1| .01 13.45 .95| GMD
#‘!*&&UGU'&I&&&O&&&&l&*l&&llll&ﬁ‘":5“””3 ”””””””” e o £ E T =”=¥=ld4&ilb¥*&05*

& NIHIMUH GROQUND CLEA
= POUER SYSTEH FREQUENCY
= SOIL RESISTIVITY

aadsbudbdebb A L LT 10 T R o oo

IIIll'lllll“lh&'ﬂ“HIIQK‘IIISIIIIHGI‘II

RARCE

9.15' rcter
50

Hz
100. chn nater

-
"
=

’mﬂ‘ﬂ*ﬁ!’“ﬁﬁﬂ‘“lliﬂllﬁi“

50

U% Sag = 0.70 m im5i5 sunaruyy

®

SUBCORDUCTOR LNFORMAT

lIlIlll‘Sllllllllllﬂlllllll‘l!&lhllﬂ‘ﬂ'

[OR - REGUIAR BUWDLES "

*ﬂ**".l.'.*"'.ﬁ"'."."."'.l!.'Ifﬁﬂiﬂiﬂ*ﬂ*ﬂﬂ*ﬂﬂ*’ﬂ'.'ﬂ'l""'Q*".'."".
|BNDL | CONDUCTOR | DLAMETER | SPACIHG | DC RESIST | AC RESIST | AC REACT |
I = | HANE | {ch) {cn) | (ehnskn) | (ohns/kn) | (ohm~km) |
a'“""l”‘ﬂ*”‘.ﬁ.l“ﬂ-'ﬂ'ﬂﬁ"l'-.'lll".'-.!I..’I*’l".l‘**."ﬂﬁ”..ﬂlﬂ..-'ﬂﬁ
’ 1 RATCH l L.540 | oon | 2350 ¢ .235Q I .29B0 I
2 RATCH 1.540 0oo | 2350 | .2350 2980
| 3 |RATCH | 1.54D | 0Dg | 2350 | L2350 | 2980 |
| & |RATCH | 1.%40 | o0 | 2350 | 2380 | 2980 |
I 5 RATCH I 1.540 I 600 | 23540 | .2350 l 2980
4] R&TCH 1.540 oo | 2350 | . 2350 298D
| 7 |lir2ds 1.26D | 000 } 2.1380 | 2.219q | 7710
x“‘lll‘;‘l‘l.“lll"l‘l‘."ul".“"l

31 4.16 Anailinesaieg Atloufius ey 2 kV, ATSUE = 400 A, 520¢ Sag =0.70 m

LATERAL MAXIMUM MINOR/MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (k¥ m) (ratia) (kV- m) (k¥ m) (kV)
-164.0 -50.00 .02 .000 .002 .000 .002
~147 .6 -45.00 .003 .000 .003 .000 .a03
-131.2 -40.00 .004 .001 .004 .00 .004
~114.8 -35.00 .0as .002 .005 .000 .005
-98.4 -30.00 .007 .004 .007 .000 .007
-82.0 ~-25.00 .010 .0o? .010 .001 .010
~65.6 -20.00 .015 .014 .015 .001 .015
~-49.2 -15.00 .024 .027 .024 .003 .024
-32.8 -10,00 .040 .045 .040 .Qos .040
~16.4 =5.00 .060 .Q29 .060 .003 .060
.0 .o .041 L1786 .041 .010 .041
16 .4 5.00 .028 .037 .028 .002 .027
32.8 10.00 .01p .071 .016 .002 .016
49 .2 15.00 .010 .047 .010 .ao1 .010
65.6 20.00 .007 .018 .aa7 .000 .007
82.0 25.00 .aas .Qos .005 .000 .Q0s
98 .4 30.00 .004 .000 .004 .000 .004
114 .8 35.00 .003 002 .003 .a0a0 .003
131.2 40.00 .002 .002 .002 .0a0 .002
147 .6 45 .00 .0a2 .002 .a02 .Q00 .002
l164.0 50.00 .002 .a02 .002 .a00 .002

Ui 417 fhwesaro Ieifiins adu- 22 kv, nszua = 400 A, sz0z Sag=0.70m
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Elactric Flald (kv /M)
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31 .18 3wl Inihfus afu= 22 kv, rszia =400 A, 5502 Sag = 0.70 m

AC MAGHETIC FIELD

LATERAL MAJOR MINOR- VERTICAL HORIZONTAL RHMS
DISTANCE AXIS MAJOR COMP COMFP RESULTANT
(meters) (feet) {uT) {RATIO); {(uT) {uT) {uT)
-164.0 -50.00 .29 .147 .28 .10 .30
-147 .6 -45 .00 .35 .165 .33 .14 .36
-131.2 —-40.00 .44 .186 .40 .20 .45
-114.8 -35.00 .56 .212 .50 .28 .58
-98.4 -30.00 .75 .242 .64 .43 .77
-82.0 -25.00 1.03 .279 .83 .68 1.07
-65.6 ~20.00 1.52 L322 1.09 1.16 1.59
-49.2 -15.00 2.41 .366 1.44 2.12 2.596
-32.9 -10.00 4.20 .382 1.74 4.14 4.49
-16.4 ~5.00 7.62 .307 4.22 6.77 7.97
.0 .00 10.07 .118 10.02 1.59 10.14
16.4 5.00 6.76 .136 2.08 6.50 6.82
32.8 10.00 3.37 .340 1.64 3.16 3.586
49 .2 15.00 1.83 -404 1.25 1.53 1.98
65.6 20.00 1.14 .375 .86 .87 1.22
82.0 25.00 .78 .326 .62 .53 .82
98 .4 30.00 .96 .283 .47 .35 .58
114.8 35.00 .42 247 .36 .24 .43
131.2 40.00 .33 .220 .29 .17 .33
147.86 45.00 .26 .198 .23 .12 .26
164.0 50.00 .21 .180 .19 .09 .21

1l 4.19 shvesau i Aniiusad= 22 kv, nszua =400 A, 520% Sag = 0.70 m

>
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12 Sugratic Fisld Pratie
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BField {MC)
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Distance { melors )

31 4.20 A wenumARTILT U= 22 KV, ASZIA = 400 A, 528 Sag=0.70 m
INAISNABBINNIIAU= 22 kV, NTZUA = 400 A, 2UY Sag = 0.70 m AnsBoudauuy va

ABC vuu fiua CBA wudiehauiwlWihiisigage = 0.06 kvim wazmnumimangags =

10.14 T

4.6.5 NINARDINUTIAU = 33 KV, ATEUA = 400 A, 5282 Sag = 0.70 m ANsiTsaudauuy

e ABC v nula ABC

- - e e - e el e e e - e - A

VOLTAGE CURRERT x BUNDLE OOORDINAYES

ENDL JCIRC|{VOITAGE|ANGIE{ IO0AD 1ANGIE| OF X | Y SAG | FH

3 2 (kV) (DEG) (A} 1(DEG)ICOND (mn) | (n) 1 (m)
ET RS2SR ALEELALEILTASSLSELEIEILLLISSASLIERLIARZLAASSERASRASEE SRR S S22 &add2 T2

1 i 33 0§ 0 400 | 0 1 1 00§ 9 a5 70 2]

2 i 23.0F 244. 400.] 244. 1 .40] 9.85] .70 B

] i 33.0f 120. 400_| 120. 1 -1.00% 9.85} .7 C

4 2 33 0] 0. 400 | 0 1 1 00§ 11.85}| L0 A

Y 2 33.0! 240. 400 .| 240 1 .40 11 85§ .7a B

] 2 33.01 120. 40a0.1 120. 1 -1.001 tt_B5} .70 C

? 1 .01 0.1 0.1 0. 1 .00] 13.85} ,85| GHD
FEERENR SN RS EEEE NN EEE NSNS AN ENEESEEENFE NSNS NS NEEE S ECETENESNENEAEEEEEEFFNERETE
» HINIHTH GROOND CLEARANCE = 9.15 neter ®
» POUER SYSTEM FREQUEHCY = 50. Bz *
- SOIL RESISTIVITY - 100. chn neter =

AR REF R R R R R R R A N N I E I I T I T I I I SR T I S T I E S EE S EE I E S E SRR NN EAREERNR

- -2 - e e 22 2 D 22200 -2 R - 0 AR

- SUBCONDUCTOR INFORMATION - REGULAR BURDLES =
TR ETARN R T AR R e T R R R AR R A T I R A T R E R R T TR R I A R I R N I R R N A NN
{ENDL | CONDUCTOR | DIAMETER | SPACING | DC RESIST | AC RESIST | AC REACT |
I = | HAME | ey | ten) | {ohwkn} | {(chr/kn) | (chn/kn) |
AT I R R NN R I A I I I I R R e I I R I R I R I E R R E E I E E EE S E EEERE S EEEEEEERKERE
{ 1 |[RATCH i 1.540 1| .000 | .2350 | .2350 | .2980 |
{ 2 |RATCH | 1.540 { .goo | .2350 | .2350 | .2900 |
1 3 |RATCH 1 1 540 { 000 | 2350 | 2350 | .2980 |
l 4 |RATCH ] 1.540 | .000 | .2350 | . 2350 . 2980
5 |RATCH 1 1.540 | .0oo | .2350 | .2350 . 29BD
| & |RATCH i 1.540 | ooo 1 23s0 t .2350 | .2980 |
| ? |1-2HS | 1 260 | 000 | 2 1390 | 2 2190 | L7710 |

51l 4.21 Asiiimeianen Afleufiusadu= 33 kv, nsEud = 400 A, 53U% Sag=0.70 m



LATERAL HAXINUN MINOR/HAJOR SFACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL FOTENTIAL

(feet) (neters) (kV/m) (ratio) (k¥ m) (kV-m) (V)
-164.0 -50.00 .006 .004 .006 .000 .0086
-147 .6 -45.00 .008 .00% .008 .QoQ .008
-131.2 —-40.00 .010 .0as .010 .001 .010
-114.8 -35.00 .014 .005 .014 .001 .014
~-98 .4 -30.00 .020 .005 .020 .002 .020
-82.0 -25.00 .030 .0a5s .030 .003 .030
—65 .6 -20.00 .049 .005 .048 .00% .049
~49.2 -15.00 .082 .004 .0g2 .009 .082
-32.8 -10.00 .14¢0 002 .139 .013 .139
-16 4 =5.00 .187 .012 .187 .003 . 185
.0 .00 .081 . 316 .07% .042 .074
16 .4 5.00 .108 .054 .105 .009 .103
32.8 10.00 .088 .02 .087 .008 .087
49 2 15.00 .051 .011 .051 .006 .051
65.6 20.00 .029 0185 .029 .003 .029
82.0 25.00 .017 .017 .017 .002 .017
98 .4 30.00 .011 .019 .011 .001 .011
114.8 35.00 .007 .019 .007 .001 .007
131.2 40.00 .00s ,019 .005 .000 .00s
147 6 45 .00 .004 019 .004 .000 .004
164.0 50.00 .003 .018 .003 .Q00 .003

1N 4.22 swesawn T fius s u~ 33 KV, NSZUa = 400 A, 3282 Sag = 0.70 m

Elacuie Fud Profie
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g‘dﬁ 4.23 n3lanu I fus sdu= 33 kv, nszua = 400 A, 3T0% Sag =0.70 m
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{=m—=—————o AC MAGNETIC FIELD b
LATERAL MAJOR MINOR/ VERTICAL HORIZONTAL RMS

DISTAKRCE AXIS MAJOR COMP COHMP RESULTANT

{meters) (feet) {uT) {RATIO) {(uT) {uT) {(uT)

-164.0 ~50.00 1.15 .000 1.07 .42 1.15§
-147.6 -45.00 1.40 .000 1.29 .56 1.40
-131.2 -40.00 1.75 .000 1.587 .77 1.75
-114.8 -35.00 2.24 .001 1.94 1.11 2.24
-98 .4 -30.00 2.96 .002 2.44 1.68 2.96
-82.0 -25.00 4.09 .004 3.09 2.68 4.09
-65.6 -20.00 5.94 .006 3.82 4.65 5.94
-49_2 -15.00 9.23 .011 4.10 8.27 2.23
-32.8 -10.00 15.33 .019 1.16 15.28 15.33
-16 .4 -5.00 25.60 .034 14.08 21.40 25.62
.0 .00 32.93 .048 32.93 1.59 32.96
16 .4 5.00 25.12 .038 13.72 21.06 25.14
32.8 10.00 14.88 .021 1.10 14 .84 14 .88
49.2 15.00 8.88 .011 3.90 7.98 8.88
65.6 20.00 5.68 .006 3.62 4.37 5.68
B2.0 25.00 3.87 .003 2.91 2.56 3.87
98 .4 30.00 2.78 .001 2.28 1.60 2.78
114.8 35.00 2.09 .001 1.80 1.05 2.09
131.2 40.00 1.62 .002 1.44 .72 l1.62
147 .6 45.00 1.29 .003 1.18 .52 1.29
164 .0 S0.00 1.04 .004 .97 .38 1.04

3§10 4.24 srvosmumimAnTing = 33 kv, n3zue = 400 A, 3%8% Sag = 0.70 m

Wagrtic Freid Frefie

BField (MC)

T——T— 7T

|
el

° L L L R T ] T
= *® Distance ( maters )

31t 4.25 nale i Anfis sdiu= 33 kv, ez =400 A, 3202 Sag =070 m

{ “ -
9INNITNANDINUTIAU= 33 kV, NTLUT = 400 A, 5202 Sag = 0.70 m PMsGeadauvy e

[ . o _
ABC 9uw fima ABC wuhseny Ihiisngage = 0.185 kvim uasenumimingage =

32.96 1T




4.6.6 MINANDINUTIAU = 33 kV, Nysie 400 A, 520z
et ABC v Aua ACR

55

Sag = 0.70 m Nnsi3sur ey

llIIIIDNIIIKIIIIIII“HIIIII

YOLTAGE CURRENT 2 BUNDLE COORDIHAT
BNDL |CIRC VOLTAGE | ANGLE LOAD |ANGLE| OF } X Y EghG PH

¥ L (k¥) | (DEG) £9] {DEG) | COMD| (n) {n) , (n)
IIII...IIIIIIHIII“BIIII!l'lﬂl'ltl'l"‘l.‘l.ISKI“IIIGIHIIIII‘IIIII‘K“HIIIII

1 1 33.0} 0. 400. | 0. 1] 1.00) 3.85] .70 A

Z 1 k) D! 240 400 I 240 11 40| 9 B& 70 a8

3 1 33.0f 120, 400.] 120. 1] -1.00] 3.65 70 ¢C

4 2 a3 0, Q 400 , Q 11 1 g0 11 8% 70 A

5 2 33.0f 129. 400.] 120, 1] 4D 11.85 .70 C

6 2 33 0| 240 400 | 240 14 -1 0o 11 B5| 70 a

? 1 .0j Q. 0] 0. 1] .00 13.85] .B5| GHD
llxl““u&!f‘““lllil“l"II'“IUKSIIHHIIII““&ﬂll‘l“nl“‘llllxIKK&&SIII&S“U‘IIS
" HIRINUH GROUHD CLEARANCE = 9.15 xater »
= POVER SYSTEN FREQUENCY - 50, Hz x
» SOIL RESISTIVITY = 10Q. ohh neter »
IIIIII“IIIIIIIlll'lﬂll'IIII‘IIII&IIIIIS‘IIIISIIIIISK“IIIII‘IIIHS‘IEl&IIIII
IIIIIIIIB‘IIIIIIIIIIIIIII&IIHIIIIIIIIIII“IIIIII“IbSI-IUI!IIQUUIISSIGIIIIIGUII

" SDACONDUCTOR [HFORMATION -

IIIII'IIIIIIUﬂIIIIS.IIIIIUIIIIIUIIUIIIGIIIII

REGULAR BDHDLES

L

HI.IIIIIIG‘IIIIIUUIISIGI&H&IIGGUI

{BNDL | CONDUCTOR | DIAMETER | SPACING | DC RESIST | AC RESIST | AC REACT |
I+ | NANE | (en) | {en) | (ohmskm) | Cohnskx) | (oknskn) i
| 1 [RATCH | 1.540 | 0o | .2350 | 2350 | 2960 |
| 2 |RATCH | 1.540 | .000 .23s50 | 2350 | 2980 |
| 3 |RATCH | 1.540 | gan .2350 | 2350 | 2980 |
| & |RATCH | 1.540 | .000 | .2350 | 2350 | .2980 |
| 5 |RATCH i 1.540 | 000 | .2350 ) 2350 | 2980 |
| & [RATCH | 1.540 | .000 | .2350 | . 2350 § .2980

| 7 [1-2m5 1.260 | .000 1 2.1380 | 2.2190 ¢} 7710

I*ﬂilwﬂtﬂﬂﬂi**!Rﬂlt'ﬁk*ﬂ*t"*9***ﬂﬂtﬂi*ﬂkl!ﬂﬂl'i!!ﬂ!i'ﬂ.ﬁﬂﬂilni*ﬂﬂlﬂ'lnﬂﬁﬂiii

31 4.26 e saeg AtlouRiusadu= 33 kV, Nseua =

400 A, 728 Sag =0.70 m

ERAL HAXIMUHM MINOR-MAJOR SPACE
D%2$AHCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (k¥ m) {ratio) (kV/m) (kV-/m) (V)
-164.0 -50.00 .003 .005 .003 .000 .003
—}i?.ﬁ —45 .00 .003 .00%5 .003 .000 .go3
-131.2 -40.00 .005 .006 .005 .000 .00%
-114.9 -35.00 .007 .00% .007 .001 .007
-98 .4 -30.00 .010 .007 .010 .001 .010
-82.0 -25.00 .Q16 .009 .016 .002 .016
-65.6 ~20.00 .026 .012 .026 .003 .026
-49 .2 -15.00 .04d6 .019 .046 .005 .046
-32.8 -10.00 .081 .028 .081 .009 .081
-16.4 -5.00 L1111 .034 L1111 .004 .10¢
.0 .00 .03s .300 .017 .033 .017
16 .4 5.00 .104 .003 .103 .006 .101
Jz.s8 10.00 .08s .008 .084 .009 .084
49 .2 15.00 .050 .003 .049 .008 . 049
65 .6 20.00 .028 .000 .028 .003 .028
82.0 25.00 .017 .001 .017 .002 .017
98 . 4 30.00 .011 .002 011 .001 .011
114.8 35.00 .007 .003 .007 .001 .007
131.2 40.00 .005 .0Q3 .005% .000 .005
147 .6 45.00 .004 .003 .004 .000 .004
164.0 50.00 .0823 .003 .003 .0oo0 .003

31]1”% 4.27 vesauy T fus sdu= 33 kv, Aszue = 400 A, 5302 Sag=0.70 m
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Bactric Findd Profie

oLy -

n.im: ............................... _____________________________________________________________ :
Eom: ------------------------------- _________________________________________________________ _____________ B
: ] T i
E S Rt * ---------------------------------------------------------- ; _______________________________ i

N S P A [

J 5 - —4 +— 1t
50 25 0(".3, F- ' ' I 0
310 4.28 nswauy Wi fius sdu= 33 KV, N = 400 A, 5202 Sag = 0.70 m
{=~——m—————— AC MAGNETIC FIELD 5
LATERAL MAJOR  MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS  MAJOR COMP COMP RESULTANT
{meters) (feet) (uT) (RATIO) (uT) (uT) (uT)
-164.0 -50.00 .76 036 71 .28 .76
-147 .6  -45.00 193 1040 186 .38 ‘94
~131.2  -40.00 1.17 046 1.05 ‘53 1.18
-114.8  -35.00 1.52 052 1.31 176 1.52

~98.4 -30.00 2.02 060 1.66 1.16 2.03

-82.0 -25.00 2.81 069 2.12 1.85 2.82

-65.6 -20.00 4.12 081 2.66 3.16 4.13

—49.2 ~15.00 6 44 1094 2.95 5.76 6.47

-32.8 -10.00  10.81 100 1.47 10.76  10.86

~-16.4  -5.00 18.44 069 9.65 15.76 1848

0 00 24.49 022 24 48 81 24 50
16 .4 500 19.07 086 10.66  15.90  19.14
32.8  10.00  11.37 1094 1.33  11.34 11.42
45.2  15.00 6.82 083 3.06 6.13 6.85
65.6  20.00 4.39 070 2.83 3.37 4.40
82.0  25.00 3.01 .060 2.28 1.98 3.02
98 . 4 30.00 218 052 1.80 1.24 2.18

114.8  35.00 1.65 046 1.43 .82 1.65

131.2  40.00 1.29 041 1.15 .57 1.29

147 .6 4500 1.03 1037 ‘95 “41 1.03

164.0  50.00 -85 1034 .73 31 .85

311 4.29 Ao mimAnfins 1= 33 kv, Nz = 400 A, 5802 Sag=0.70 m
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k- Magnatic Fiud Prefie

BField (MC)

LI N AR R s T 1]

I—T
[ % 0
Qigance ( melers )

gﬂ‘n 4,30 nﬂﬂammmmanmtsmu 33 kV, Nszua =400 A, 5302 Sag=070m

3 S S

S p—t—F—1—%
50

NNNIINARBITITIRL= 33 KV, ASTUT = 400 A, 7502 Sag = 0.70 m HnsE ol (e
ABC vy fiua ACB wuhsaumWiiisngege = 0.111 kv/m uagerunuuimangage =
24.50 UT

4.6.7 MINANBINUIIAY = 33 KV, NTZUA = 400 A, 52UZ Sag = 0.70 m NS ead o

e ABC 17U fua BAC

L g2 S Rl s i A o bl 2 R 22 il lial eIt a2ttt as i i atigt iyxysss})

VOLTAGE CURRENT | & BUNDLE COORDINATES

BNDL |CIRC|VOLTAGE |AHGLE| LOAD |ARGLE| OF X | Y { SAG | PH

£ £ 1 (k¥) [I(DEG)] (a) |(DEG)|COND m) | (m) | (m)
WA R R O R OO A HTE A A WA B OF O B TR O B 0 BE O 6 S A0 B 500 0 B B R O BE O i

1 1 33.0] 0. 400.| gl 1 1.00] 9.85} .70 A

2 1 33.0] 240. 400.| 240.] 1 40} 9 .85} .70 2]

3 1 23 0] 120. 400.] 120.]1 1 -1.00¢ 9,85} .70 C

4 2 33.0| 240, 400.| 240.] 1 1.00f 11.85} .70 B

g 2 33.0] 0, 400, | 0.1 1 40| 11.8% .70 A

6 2 23.0] 120. 400.] 1z20.]1 1 -1.00] 11.8% 700 C

7 1 .0] 0. 0.1 0. 1 .00] 13.85} .85| GHD
T A AR B0 O A0 D SR OE N N 50 DE B0 G O B A B O O A 0 A
L] HINIHUN GROUHD CLEARAHCE w 9.1 nmater -
- POVER SYSTEM FREQUENCY - 50 Hz -
L SOIL RESISTIVITY = 100. ohn meter =

AN TR 6 UNE DU N N0 DA N A BTN OF OF M TR R RN AN R M DR R -

D RN O B A D A B R A kB R O B R O A i O 0 B e e
- SUBCONDUCTOR INFORMATION - REGIULAR BUNDLES -
OIS OF A N RO O AR B R B R W A OO
BRDL | COHDUCTOR | DIAMETER | SPACING | DC RESIST | AC RESIST | &AC REACT

| HAM | {(cm) } {ca} | (ohm/ka) | {ohm/ka) | (chmkm)

I*i*l**lllll!*lililllllllll!l‘!lllli.‘lllllilIliil*illllillIII*I*I*I*I*I*I**I

1 1 |RATCH | 1.540 | .00 | .2350 | .2350 | 2980 |
| 2 |RATCH ; 1.540 | _e00 | .23s0 | 2350 | 2980 |
[ 3 |RATCH I 1.540 | 000 | .23150 | 2380 | .2980 |
i 4 |RATCH I 1.540 | .goag | 2350 | 2350 | .2980 |
{ S |RATCH 1.540 | .000 | .2350 | .2350 | .2980 |
1 6 |RATCH 1.540 | 000 2350 | 2350 ! -2980

7 172HS 1.260 | .aoa i 2.1380 | 2.2190 .7710
L 3

03640 9 B 2620 36 0 3648 36 A6 0 3 3E 0 308 36 A0 -3 06 D6 0 300 i 36 0 3608 36 0836 06 26 3 30 0 0648 30 3030 4 36 436 38 3006 36 4 BE MDA DU D6 O B0 06 0 00 28 0

31 4.31 Arnalimesa1ag Aitloudiussdiu= 33 kv, nszue = 400 A, 530% Sag = 0.70 m
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LATERAL HAXIMUM KMINOR/MAJOR SPACE
DISTANCE FIEID ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) {(meters) (kV./m) {ratio) (kV-m) (k¥ m)} {(kV)
-164.0 -50.00 .006 .001 .006 .000 .006
-147.¢6 ~45.00 .008 .001 .008 .000 .008g
-131.2 ~40.00 .010 .001 .010 .001 .010
~-114.8 -35.00 .014 .001 .014 .001 .014
~98.4 -30.00 .020 .001 .020 .002 .020
-82.0 =25.00 .030 .000 .030 .003 .030
—65.6 =20.00 .049 .000 .048 .005 .049
-49.2 -15.00 .082 .001 .082 .009 .082
-~32.8 -10.00 .139 .003 .139 .013 .139
~16.4 =-5.00 .187 .003 .187 .002 .18%
.0 .00 .079 .053 .069 .039 .069
16.4 S.00 .072 034 .071 .009 .069
32.8 10.00 .063 018 .063 .006 .0613
49,2 15.00 .035 013 .035 .004 .03%
65.6 20.00 .019 .011 .018 .002 .019
82.0 25.00 .010 .011 .010 .001 .010
98 . 4 30.00 .006 .012 .006 .001 .006
114.8 35.00 .003 .016 .003 .0oqQ .003
131.2 40.00 .002 .024 .002 .000 .002
147.6 45.00 .001 .039 .aa1 .000 .001
164.0 50.00 .001 .066 .001 .000 .001

3% 4.32 shwosaumIdhius efu= 33 kv, nazua = 400 A, 53z Sag=0.70m

Ewoirin Fisld Profie

o

Electric Field (kv / M)

311'?; 433 na e I s sfu= 33 kv, nyzue =400 A, sz Sag=0.70 m




59

(————m———— AC MAGNETIC FIELD ~——____,
LATERAL MAJOR MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS MAJOR COMP COMP RESULTANT

(meters) (feet) {uT) (RATIO) (uT) (uT) {uT)
~164.0 -50.00 1.05 .016 .98 .38 1.05
~147 .6 —-45 .00 1.28 .018 1.18 .51 1.28
~131.2 -40.00 1.61 .019 1.44 .72 1.61
-114.8 -35.00 2.07 .021 1.79 1.04 2.07
~98 .4 -30.00 2.76 .023 2.26 1.58 2.76
-82.0 -25.00 3.82 .02% 2.87 2.52 J.B3
-65.6 ~-20.00 5.60 .028 3.57 4.31 5.60
-49 .2 -15.00 8.74 .032 J.e1 7.87 8.75
-32.8 ~10.00 14 61 .037 1.04 14.58 14.62
~-16.4 ~5.00 24 .54 .037 13.83 20.29 24 .56
.0 .00 31.58 .021 31.57 1.08 31.59

16 .4 5.00 24.04 .013 12 .68 20.43 24.04
32.8 10.00 14,27 .028 1.30 14.22 14 .28
49.2 15.00 8.57 .027 3.86 7.66 8.58
65.6 20.00 5.52 .023 3.56 4.22 5.52
82.0 25.00 3.79 .019 2.86 2.48 3.79
98 .4 30.00 2.74 .018 2.26 1.5¢ 2.74
114.8 35.00 2.07 .014 1.79 1.03 2.07
131.2 40.00 1.61 .012 1.44 .72 1.51
147 .6 45.00 1.29 .011 1.18 .52 1.29
164.0 50.00 1.05 .010 .98 .38 1.05

3Ui 4.34 vosaunmimAniius sdi= 33 kv, nszum = 400 A 320z Sag =0.70 m
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s 435 NI UM ARTLTIRU= 33 kV, NTEIE = 400 A, 502 Sag=0.70 m

VNN NARD NS IT U= 22 kV, NSEUT = 400 A, 520% Sag = 0.70 m AnsiTvamauvy e
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3159 uT



4.6.8 MINAROINUIIAU = 33 kV, nyeyy - 400 A, 530

M ABC vuw e CBA

I*II*.‘..Illll"ill*iIIII.E.Iiﬂillﬁiiill.&l‘*l

VOLTAGE CURRENT ¥ BUNDLE cco
BNDL |CIRG|VOLTAGE ANGLE| 1LOAD [ANGLE OF X | $DIH?TE§AG PH
1 £1 2 1 (kV) I(DEG)[ (a) | (DEG) ICOND|  (a) | (R} [ (m)
Lk Inbabakadiabda b £ 52 1 L 2 1 F TVIVEVEN inbalalialadaiiad kg 2 TR ET YA, -4 3% *I******i***i***!
1 1 33.0f 0. 400, | 0, 1 1.0¢f 9.85]) 70 A
2 1 33.0} 240. 400.] 240. 1 .40 9.85 .701 B
3 1 33.0} 120. 400.| 12¢. 1 —1.00] 2.85 -0l ¢
4 2 3.0 120. 400.| 12¢. 1 1.00 11.85 .70 ¢
S 2 33.0, 240, 400.| 240. 1 . 40 11.85 700 B
& 2 33.0 0. 400, 0. 1 -1.00 11.85 700 A
7 1 .aj 0. a. 0. 1 .00) 13 g5] -85| GND
La b2 1 2 o T 1 e B0 T - --.'.E’.l*".l.."ﬂ.lﬂE'Iiﬁll*ll..*‘l'l
- MINIMUX GROUND CLEARANCE = 9.15 meter -
- POVER SYSTEM FREQUENCY = 50. Hz -
- SOIL RESISTIVITY = 100 cha meter =

l*.l*i'Iﬂ*.lll*ll**il**.‘='

- U3 0 4 0 o 2005 2

L -=1Eﬂiﬂ**ﬁll*lllll.l*l*lill

60

Sag = 0.70 m NN 135 ourdauuy

IIII*Eﬂl.l‘lllllilli!ﬂ*.llﬁill**ll.i*illiﬂllliiii*.'i!llllllll*lilﬁliiil*llli

SUBCONDUCTOR INFORMATIGN — REGULAR BONDLES

'ﬂl"ﬂ'.lﬁﬂ'ﬁ"'lﬂﬂ"'ﬁ.ﬂlH.D*'H“I.l'l..'Dh.ﬂlO'Iﬂl“lﬂﬂ..Hﬁ'.lﬂ..!'ﬂ".ﬂ'.l.l

|

IBHDL CONDUCTOR | DIAKETER SPACING | DC RESIST | ac RESIST ' AC REACT
HAME {cm) {cm) {ohn k) (chnskm) (chm kn)
I*'ﬁ*'.'ﬂ."'“ﬂ“*“"ﬂ“'!“!“-'*”Q“ﬂ*ﬁ'..ﬂ.Q.“Qﬂ“ﬂ'”ﬂ.“ﬂ‘ﬂ“l.“'I‘.ﬂﬂﬂ“ﬂﬂﬂﬂ."ﬂ'
1 RATCH I 1.540 l (Hali) ’ L2350 . 2350 l .2980
2 RATCH 1.540 .aod .2350 .2350 .2980
i 3 |[RATCH 1.540 | L0006 | . 2350 | L2350 | .2980

4 RATCH l 1.540 l 000 ’ .2350 l . 2350 l L2980
5 RATCH 1.540 .000 .2350 L2350 .2980
i 6 |[RATCH | 1.540 | L4a0 | L2350 | L2380 | .2980
| 7 |ir2A5 I 1.260 | .000 | 2.1380 | 2.2190 | .7710

3 4.36 dwinfiee ey Aifleuiiusadu= 33 KV, NIZUA = 400 A, 5¢

L x L 2 3 “:}{Ii!**f****!*II*I*ii*&*lli‘*l{i!**&*lll

8% Sag=0.70m

LATERAL MAXIMUM MINOR/MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (kV/m) (ratio) (kV-/m) (kV-m) (LV)
-164.0 -50.00 .004 .000 .004 .000 .004
=147 .6 -45.00 .004 .0oo0 .004 .000 . 004
-131.2 -40.00 .006 .001 .006 .000 .006
-114.8 —-35.00 .007 .002 .007 .000 .on?
~38 .4 =30.00 .010 .004 .010 .001 .010
-82.0 -25.00 .018 .007 .015 .001 .015
-65.6 -20.00 .022 014 .022 .002 .022
-49.2 =15.00 .036 027 .036 .004 .036
-32.8 -10.00 .060 .045 .060 .007 .060
=16 .4 ~5.00 .090 .029 .090 .004 .0ge9
.0 .00 .062 176 .061 .01s .061
16.4 5.00 .041 .037 .041 .003 .041
32.8 10.00 .024 071 .024 .a03 .024
49.2 15.00 .014 .047 014 .001 .014
65.6 20.00 .010 .018 .010 .001 .010
a2.0 25.00 .00? .005 .007 .aoo0 .007
98 .4 30.00 .00%s .000 .005 .00a .00s
114.8 35.00 .004 .002 .004 .a0o . 004
131.2 40.00 .003 .002 .003 .000 .003
147 .6 45.00 .0032 .002 .003 .000 .003
164.0 50.00 .002 .0o02 .a02 .00p .0o2

717 4.37 fwoemn T iinsadu= 33 kv, nszue = 400 A, 5202 Sag=0.70 m

l
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3uii 4.38 n3 vl TR afu= 33 kv, nszua =400 A, 5208 Sag=0.70 m

{ o —— AC MAGNETIC FIELD >
LATERAL HAJOR MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS MAJOR COMP COMFP RESULTANT
(meters) (feet) (uT) (RATIO) {uT) (uT) (uT)
-164.0 -S0.00 .29 .147 .28 .10 .30
-147 .6 -45.00 .35 .165 .33 .14 .36
-131.2 —40.00 .44 .186 .40 .20 .45
-114.8 -35.00 .56 . 212 .50 .28 .58
-98.4 -30.00 .75 .242 .64 .43 .27
-82.0 =25.00 1.03 .279 .83 .68 1.07
-65.6 ~20.00 1.52 .322 1.09 1.16 1.59
—49.2 -15.00 2.41 . 366 1.44 2.12 2.56
-32.8 -10.00 4.20 .382 1.74 4.14 4.49
-16.4 -5.00 7.62 .307 4 .22 6.77 7.97
.a .00 10.07 .118 10.02 1.59 10.14
16.4 5.00 6.76 .136 2.08 6.50 6.82
32.8 10.00 3.37 . 340 1.64 3.16 3.56
49 .2 15.00 1.83 .404 1.25 1.53 1.98
65.6 20.00 1.14 .375 .86 .87 1.22
82.0 25.00 .78 .326 .62 .53 .82
98 .4 30.00 .56 . 283 .47 .35 .58
114.8 35.00 .42 .247 .36 .24 .43
131.2 40.00 .33 .220 .29 .17 .33
147 .6 45 .00 .26 .198 .23 .12 .26
164 .0 50.00 .21 .180 .19 .09 .21

U7 4.39 AvesauimAnfiusadu= 33 kv, Nszua = 400 A, 5302 Sag=0.70m
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3171 4.40 AT EUIULUIMANTISIA U= 33 KV, NTZUTE = 400 A, 5282 Sag = 0.70 m

62

INNSNADBITIITU= 33 kV, NTZUA = 400 A, 3288 Sag = 0.70 m AnsSwadanuy (e

ABC wu Aumda CBA wuhmauwihiisigege = 0.09 kv/im uazaumimangaga

=10.14 iT

4.6.9 NSNAADITLTIAY = 115 KV, NIZUT = 1300 A, 520 Sag = 0.80 m NmsiSeander

11y W ABC vy Anua ABC

31

o
M

Iiﬁllllli*ll**lll!‘llliIililllii&*llilill*i*iiiiiII**Illlllllllﬁﬂ*illllili

YOLTAGE CURRENT ¥ BUNDLE COORDINATES

BNDL|CIRC|VOLTAGE|ANGLE| LOAD |ANGLE| OF X | Y | SAG | PH

¥ £ ! (V) [(DEG) (4) [(DEG)|{CORD (m) 1 (m) | (m)
A S - - -2 - A - - ‘"-——"III*"III“‘I*II'I‘

1 1 115.0}f  D. 1300.! 0.| 2 2.25f 17.80 807 &

21 1{ 115.0f 240.] 1300.f 240.] 2 2.25] 15.30 ‘g0| B

3| 1 115.0] 120.| 1300.| 120.[ 2 2.25] 12.80] .BO| C

¢ 21 115.0] o.f 1300.] ©0.{ 2 -2.25% 17.80f .80| A

s | 21 115.0] 240, 1auuk‘ 24001 2 -2.25] 15.30 80| B

6| 2 11604 120.{ 1300.1 120.| 2 -2.25] 12.80 .80l C

71 1 o} 0. 0.} 0. 1 ‘00| 22.00f .30f GND
% % 36 36 26000 96 9 TN PE- 35 I T-T-IE 363 3633 596N --—"'%%*!*ili******iii'******i!**
- NINIMUM GROUND CLEARANCE = 12.00 meter -
" POVER GYSTEM FREQUENCY =  SO0. Hz "
. SOIL RESISTIVITY = 100. cha meter -

‘lilllllll!iii*‘illllii*lli.'I{Iilllllilii*ll*li.llilliilIllii'*lllliillﬁl

"IIIQ"HIﬂlll.ﬁﬂlﬂl'ﬁﬁ.ﬂ*ll"l"II“l&'l'ﬂﬂlll'l.ﬂllll'HII‘I"H*“II"'I“II'.'

= SURCONDUCTOR INFORMATION - REGULAR BUNDLES -

- e R L B T L L e ki

[ 2 2 33 & 0 3 5 o b i 2 ka2 T T O

\BHDL I CONDUCTOR | DIAMETER I SPACING | DC RESIST | AC RESIST | AC REACT
s NAKE {cwm) {cn) {chaskn) | (ohm/ka) {ohm~kn)

EGIIIIIlllllll**‘.l!l*ll**llll'i**llilililIII[IIIII'**IIIlllllllilli***ﬁl*lll

1 |GREEE | 2.560 | 20.000 | .0810 | .0820 | . 2570

2 |GREBE l 2.560 ‘ 20.000 I .0810 | .0820 | .2570

3 |GREBE 2.560 20.000 .0810 ] .0820 .2570
| 4 |GREBE | 2.560 | 20.000 | .0810 | .0820 l .2570 |
| 5 |GREBE 2.560 | 20.000 | .0810 .0820 . 2570
| 6 {GREBE | 2.560 | 20.000 l .0010 0820 l . 2570

7 1-2HS 1.260 | .000 2.1380 | 2.21%0 7710
2636 SEHEIE 036 36 363600035 36-3E M- R-IEIE-36 3636 36 3103636 36 3 IR W9 3N "=,:"=Ii***‘***lili*****ii******{*i

4.41 AT IADI A9 NUDUNITIAU = 115 kV, NTLUA = 1300 A, 7302 Sag=0.80 m



HAXIMUM MINOR/MAJOR

LATERAL

DISTANCE FIELD

(feet) (neters) (kV./m)
~-164.0 -50.00 .043
-147 .5 —-45.00 .049
-131.2 —-40.00 .055
-114.¢ -35.00 .062
-98 4 -30.00 .065
-82.0 -25.00 062
-65.6 -20.00 .065
—-49 .2 -15.00 .183
-32.8 -10.00 .503
-16.4 -5.00 1.004
.0 .00 1. 288
16 .4 5.00 1.004
32.8 10.00 .503
49.2 15.00 .183
65.6 20.00 .065
82.0 25.00 .062
98 .4 30.00 .065
114.8 35.00 .062
131.2 40.00 .055
147 .6 45.00 .049
164.0 50.00 .043

3UR .42 Awesa i I iusedu = 115 kv, nszum = 1300 A3

ELLIPSE AXES VERTICAL HOR

(ratio) (k¥/m)
.003 .043
004 .049
.007 . 055
.014 .062
.031 .065
.09¢4 .02
.238 . 065
.0BO .178
.018 . 495
.003 . 999
.060 1.2@8
.603 .999
.01g .495
.0ea .178
.238 .065
.09¢4 .062
.031 . 065
.014 .062
.007 .055
.004 .049
.003 .043

63

SPACE
IZONTAL POTENTIAL
(kV¥/m) (k¥)
.001 .043
.001 . 049
.001 .05%
.001 .061
.002 .065
.006 .061
.017 .065
.044 .181
.087 .498
.098 .996
.000 1.279
.098 . 996
.087 .498
.044 .181
.017 .065
.006 .061
.002 .065
.001 .061
.001 .055
.001 .049
.001 .043

U Sag=0.80m
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S AC MAGNETIC FIELD b
LATERAL MAJOR MINOR- VERTICAL HORIZONTAL RNS
DISTANCE AXTIS HAJOR COMP COMP RESULTANT

(meters) (fest) (uT) (RATIO) (uT) (uT) (uT)
-164.0 -50.00 8.42 .185 5.15 6.84 5
-147 .6 -45.00 10.23 1171 6.59 8.01 13.33
-131.2 -40.00 12 66 .158 B.69 9.43 12 82
-114.8 -35.00 16.03 .145 11 .84 11.06 16 .20
-98 .4 -30.00 20.83 133 16.71 12.75 21.02
~82.0 -25.00 27 .88 2121 24 .42 13.856 28.08
-65.6 -20.00 38.51 .109 36 .65 12.52 38.73
-49.2 -15.00 54.58 .094 54.54 - 5.82 54.82
-32.8 -10.00 77 .26 .074 72.25 27.95 77.47
-16.4 -5.00 101 .64 .041 62.19 80.50 101.73
.0 .00 109.22 .000 .00 112.77 112.77

16 .4 5.00 101.64 .041 62.19 80.50 101.73
32.8 10.00 77.26 .074 72.25 27 .95 77 .47
49 .2 15.00 54.58 .094 54.54 5.52 54.82
65.6 20.00 38.51 .109% 36.65 12.52 38.73
82.0 25.00 27 .88 2121 24 .42 13 .86 28.08
98.4 30.00 20.83 .133 le .71 12.75 21.02
114.8 35.00 l6.03 .145 11.84 11.06 15.20
131.2 40.00 12 66 .158 8.69 9.43 12.82
147 .6 45.00 10.23 171 6.59 8.01 10.348
164.0 50.00 8.42 .185 5.1§ 6.084 8.56

U 444 Arvesau i AnAus @ = 115 kv, nszua = 1300 A, 7502 Sag = 0.80 m

Megneric Fukd Protie
T

BFisld (MC)

311?; 4.45 ATIHNNHIMENTAUTIAU = 115 kV, NIZUT = 1300 A, T80z Sag =0.80 m

VINDITNANDIAUIIAU = 115 kV, NTLUA = 1300 A, 520z Sag = 0.80 m insoarauuy e

[ = 1 o _
ABC v Aumla ACB wuhiseruna il gegn - 1.288 kv/m upETUILHIMANgaga =

112.77 uT



4.6.10 Minaaoeiussdu = 115 kV, N5y

Huy ler ABC v fuida ACB

I'III..II.*II*“IIﬂiﬁ*ﬁll*i.‘ll“llil*-E

65

U= 1300 A, 5202 Sag = 0.80 m fin1siSoamia

VOLTAGE CURRENT £ | BUNDIE CODRDIMIrEevassssxeus
UNDLE ¢
BNDL|CIRC VOLTAGE | ANGLE LOAD | ANGLE OF X - OO$DI“?T SAG PH
rermatd V) 1(DEG)| (&) (DEGyicoNp|  (n) SERSE ,
.'.:.*'I;*".I‘;'E?..*‘Il‘.!'*.l.'"I*‘= o b g o 2 2 B KT [ -3
15. 0. 1300.] o] 2 2.25| 17.80 80| A
2 1 115.01 240 1300.| 240.{ > 2.25{ 15.30 fag g
3 1 115.01 120.| 1300 120 | 2 2.25| 12.80] ga| ¢
4 2 115.0/ o] 1300 0.] 2 -2.25] 17.80] 80| =
L 2 115. 0| 120, 1300.| 120 2 -2.258! 15 50| .80 C
6 2 115.0] 240.| 1300.( 240.{ 3 -2.25] 12.80 80| B
7 1 0] o, a. 0.1 1 00] 22.00 30| GHD
***‘Ei****l***ﬁ D363 -3 96 36363696 % L & 2 2 L X X% XVETE NI 'x"-*******ﬁ**fi***ffﬁ**’lﬂ**‘l’fi*
= HINIMUM GROUND CLEARANCE = 12.00 aster -
. POVER SYSTEM FREQUENCY = g0, Hz -
. SOIL RESISTIVITY « 100, ohm metsr -
‘.IE.'H"““-- L3 & 2] = #5485 —"—--*".I“= La 2 2 EEE - Le 2 2 T ¥ X L 2 2 1
LA o ] 2 13 FTETEEEEe =& % v & 2 L » o : i b - =--‘I~II.'.'
. SUBCONDUCTOR INFORMATION — REGULAR BUHDLES .
I'.ﬁi'-**--= » - =55 - = L 2 2 3 »* % % L R T 2 -0 -==-'II.‘*“.'I
'BHDL I CONDUCTOR | DIANETER I SPACING | IC RESIST , AC RESIST , AC REACT
1 ¥ _ HAKE | (cm) {cn) {oha kn {ohm kmn) {cha~ka)
L8 5 s 2 ] L = 1 La £ 2 2 3 N -”‘--—“"_'--u 2 22 L3 5 La 3 1 X 2 i 2% 3 W e 2 T 5T T ¥
l 1 |GREBE | 2.560 | 20.000 I L0810 | .geza | 2570 |
? |GREBE | 2.560 | 20 000 .0810 l .0820 | 2570 |
| 3 [GREBE i 2.560 | 20.000 | 0810 .0820 2570 |
| & |GREBE I 2.560 ' 20.000 | .0810 , .0820 ’ 2570 |
| 5 |[GREBE | 2 .560 20.000 | -0B10 0820 2570 |
| & |GREBE | 2.560 | 20,9000 | .0810 | .0820 | 2570 |
i 7 {i1r28s | 1.260 | .000 | 2.1380 | 2.2190 | 7710 |
=

.'EIIIIHll*ll'll**.l'l.l*lﬁlllll*lillﬂ.lI*Ill'lﬁ’.flll'l

VN

31 4.46 svanilimedeined fifloufiusedu = 115 kv, nszua = 1300 A, 520z Sag = 0.80

LATERAL MAXIMUM MINOR-MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feest) (meters) (kV-m) (ratio) {(kV/m) (kV/m) (kV)
- .0 ~50.00 .042 .oaa .042 .001 .042
*}gg.ﬁ ~45.00 .048 .001 .048 .001 .048
-131.2 -40.00 .06S5 .002 .055 .001 .055
-114.8 -35.00 .061 .005 .061 .001 .061
-98 .4 -30.00 .065 .012 .065 .001 .065
~-82.0 —-25.00 .059 .044 .Qs9 .004 .058
-65.6 -20.00 .036 . 349 .03S .013 .035
-49.2 -15.00 .110 .099 .105 .034 .107
-32.8 -10.00 .353 .029 .347 .065 .348
~-16.4 -5.00 .694 .043 .692 .068 .689
.0 .aa .B57 .290 857 .0s58 .851
16.4 5.00 .694 .043 .692 .068 .689
32.8 10.00 . 353 .029 . 347 .065 . 348
49 2 15.00 .110 .099 .105 .034 .107
65.6 20.00 .036 . 349 .03s .013 .035
82.0 25.00 .059 044 .059 .004 .058
98 .4 30.00 .065 .012 .065 .001 .065
114.8 35.00 .061 .005 .061 .001 .061
131.2 40,00 .055 .002 .055 .001 .055
147 .6 45.00 .048 .001 .048 .001 .048
164.0 50.00 .042 .000 .042 .0o1 .042

311 4.47 svesany Iffus o = 115 kv, nague = 1300 A, 530 Sag=0.80 m
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31 4.48 A5l I o = 115 kv, e = 1300 A, svae Sag=0.80 m

e AC MAGHRETIC FIELD >
LATERAL MAJOR MINORs VERTICAL HORIZONTAL RS

DISTANCE AXIS HAJOR COHP COHP RESULTANT

{meters) (feet) {uT} (RATIO) (uT) {uT) {uT)

-164.0 -50.00 7.32 .160 4.67 5.75 7.41
-147.6 -45.00 8.89 .146 5.97 6.71 8.98
~131.2 -40.00 11.00 .132 7.84 7.85 11.09
-114.8 ~35.00 13.91 .120 10.62 9.13 14 .01
-98 .4 -30.00 18.04 L1106 14.90 10.36 18.15
-82.0 -25.00 24.09 .104 21.60 10.95 24 .22
-65.6 ~20.00 33.14 .104 32.01 9. 25 33.32
-49.2 -15.00 46 .69 .116 416 .68 5.49 47 .00
-32.8 -10.00 65.41 .152 59.81 28.30 66.16
-16.4 -5.00 84 .65 .218 50.50 70.440 86.64
.0 .00 92 .60 .259 24 .01 92.59 95 .65
16 .4 5.00 84.065 .194 50.74 68.95 85.61
32.8 10.00 64 .85 .098 59.62 26.30 65.16
49 .2 15.00 46 . 34 .031 46 .34 1.43 46.36
65.6 20.00 32.93 .014 31.66 9.08 32.94
82.0 25.00 23.986 .046 21.29 11.04 23.98
98.4 30.00 17 .96 .072 14 .64 10.47 18.00
114.8 35.00 13.85 L0958 10.41 9.22 13.91
131.2 40.00 10,95 .118 7.67 7.93 11.03
147.6 45 .00 8.86 .134 5.83 6.77 8.94
164.0 50.00 7.29 .153 4.56 S.80 7.38

31 4.49 fveaon i Eniius sfu = 115 kv, AsEud = 1300 A, 3302 Sag = 0.80 m
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i 4.50 nawlauuuimAndiusadu = 115 kV, DSTUT = 1300 A, 7202 Sag =0.80 m

5 SRSPRTRI ).

-50

4w d e
VINNINATDINUTIAU= 115 kV, NTTUA = 1300 A, 520% Sag = 0.80 m insSoarauvy e

ABC v fiuie ACB wudmaum IWihiidigega - 0.875 kv/m uazaunnuimingaga =

95.65 T

4.6.11 MINARDINUIIAU = 115 kV, ATZUL ~ 1300 A, T¥UL Sag = 0.80 m NNV BUNT

UL (e ABC vy fda BAC

5

h.

n

T A NN R RN BN R O OB B A A G - G

VOLTAGE CURRENT ¥ BUNDLE CQOORDIHATES

BNDL |CIRC| VOLTAGE | ANGLE LOAD [ARGLE| OF X | Y | SAG PH

3 x {kV) (DEG) (&) {DEG){ CONRD (m) | (m) | {(m)
B T T A

1 1 115.0] 0. 1300. | 0. 2 2.25{ 17.80] .80 A

2 1 115.0| 240. 1300.} 240. 2 2.25] 15 .30 .80 B

3 1 115.0] 120. 1300.[ 120, 2 2.2%] 1z2.80| .80 C

4 2 115.0] 240. 1300.| 240. 2 -2.25] 17.80| .80 B

g 2 115.0] 0. IEUU.I 0. 2 -2.25| 15.30}| .80 A

6 2 115.0| 120. 1300.] 120. 2 -2.25| 12.80} .80 o

7 1 .0 0. 0.1 D. 1 .00 22 .00 .d0| GHD
L T T T e e L e e T T T
- HINIMUM GROUND CLEARANCE = 12.00 nmeter =
" POVER SYSTEM FREQUENCY - 50 Hz -
" SOIL RESISTIVITY = 100. oha neter -

AP NRE A O B B D O O N B B O EE

L i 2 4 & 2 2 33212228 82242 i 22 3

" SUBCOHDUCTOR INFORMATION - REGULAR BUWDLES -
PR » » A A A
|BHDL I CONDUCTOR DIAMETER SPACING DC RESIST | AC RESIST l AC REACT
¥ NAME (cr) (cu) (charkn) { (chnrkm) (ohanka)
- L s L L T P TR I T e ST T Ty )
I 1 |GREBE J 2.560 { 20.000 | 0810 | .0820 f . 2520
2 |GREBDE | 2.560 | 20.000 | .0810 | .0820 | . 2570
! 3 |GREDE 2.560 { 20.000 | .0810 | .0820 | . 2570
| 4 GREBE ! 2.560 | 20.000 | 0810 | .0820 l . 2570 |
s GREBE 1 2.560 | 20.000 0810 | .0820 .2570
| B GREBE j 2.560 { 20.000 | .0810 | 0820 | . 2570 |
| 7 {1-2HS [ 1.260 | .goa | 2.1380 | 2.21%90 | .7710 |
'3

BE A B 0N B O N0 O N A WA N A O WD O B A B A R B A NE A R

4.51 A5 A0 AtlouRiusadu = 115 kv, nszua = 1300 A, 5262 Sag =0.80 m
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LATERAL MAXIHUN MINOR-MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL

(feet) (meters) (kV/m) (ratio) {kV/n) (kV ) (kV¥)
~164.0 ~50.00 .026 .003 .026 .001 .026
~147 .6 -45.00 .030 .004 .030 .001 .030
-131.2 ~40.00 .032 .005 .032 .0040 .032
-114.8 -35.00 .0314 .007 .034 .000 .034
~-98.¢ -30.00 .030 .015 .030 .002 .030
-82.0 -25.00 .014 .156 .013 .006 .013
-65.6 ~20.00 .044 .047 .041 .017 .042
—-49.2 ~-15.00 .184 .004 .179 .042 .182
-32.8 -10.00 .500 .006 .492 .085 .495
-16.4 -5.00 .986 012 .981 .09%s .978
.0 .00 1.261 213 1.261 .017 1.252
16 .14 5.00 . 986 .012 .981 .095 .978
32.8 10.00 .5a00 .006 .492 .085 . 495
19.2 15.00 .184 .004 .179 .042 .182
65.6 20.00 .044 .047 .041 .017 .042
82.0 25.00 .014 .157 .013 .006 .013
98 .4 30.00 .030 .01% .030 .Q02 .030
114.98 35.00 .034 .007 .034 .000 .034
131.2 40.00 .032 .005 .032 .000 .032
147 .6 45.00 .030 .004 .030 .001 .030
164.0 S0.00 .028 .003 .026 .001 .026

3uii 452 fivwosanu Iihiusadu = 115 kv, nszue = 1300 A, 3208 Sag - 0.80 m

Blectnic Field ( kv /M)
H
1

Electee Fukd Proti
: H
.
: —
'
I R B i L LT ey I P2 Y _. .................
T 5
H
......................................................................................... MUERLLIUEEE SR E o
1 -
7 H
...................................................................................... -
; - 8 .. e Y r
RN R I RS R R Hh ! ! ! T
-1 ] ™
- * Distance ¢ meders )

gilﬁ 4.53 s Wi iisedu = 115 kv, nasue = 1300 A, 3302 Sag = 0.80 m
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>
RMS

LATERAL HAJOR MINOR- VERTICAL HORIZONTAL
DISTANCE AXIS MAJOR COMP COMP RESULTANT

{meters) {feet) (uT} (RATIO) (uT) (uT) (uT}
-164 .0 -50.00 7.31 .131 4.32 5.98 7.38
-147 .6 -45.00 8.90 112 5.55 7.03 8.986
-131.2 —-40.00 11.04 .093 7.35 8.30 11.09
-114.8 -35.00 14.01 .072 10.08 9.78 14.04
-98 4 -30.00 18 25 .049 14 .33 11,34 18.27
-82.0 -25.00 24.53 .022 21.16 12 .42 24 .53
~65.6 -20.00 34.07 .008 32.1¢ 11.2¢ 34.07
-49.2 -15.00 48 .68 .042 48.60 3.52 48.73
-32.8 -10.00 69.62 .080 65.55 24.11 69 .84
-16 .4 -5.00 92 .41 .115 57.87 72.84 93.03
.0 .00 102 .92 .138 14 .20 102 .91 103.89

16 .4 5.00 52.59 .139 57.72 73.54 93 .49
32.8 10.00 69.83 .130 65.59 25.62 70.42
49.2 15 .00 48 .85 .120 48 .79 6.35 49 _20
65.6 20.00 34.18 .115 32.40 11,57 34 .41
82.0 25.00 24 .60 .114 21.41 12 44 24.76
98 .4 30.00 18.30 .117 14 .56 11.30 18 .43
114.8 35.00 14,04 .124 10.28 9.73 14.15
131.2 40.00 11.07 .133 7.52 8.25 11 .18
147 .6 45.00 8.92 .143 5.69 6.99 9.01
164.0 50.00 7.33 .155 4. 44 5.94 7.42

3N 4.54 AvesmuuimEnfiussdu = 115 KV, NIZUA = 1300 A, 3202 Sag = 0.80 m

B-Field (MC)

Wagratic: Field Profile
:

T

-
-5

[
Distance { maters )

|
15

T

i

gil‘?; 4.55 N3 WU WHUIMENTLIIAU = 115 KV, NT20T = 1300 A, 7302 Sag=0.80 m

MINNISNARBIRALT ITU= 115 kV, NI = 1300 A, 5202 Sag = 0.80 m Mo auuy e

11 A [} o
ABC wwu fiua BAC nuhenauy Wihildgeqa <1.261 kvim gazauiMangaga =

103.89 uT
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4.6.12 MINAADINIUTIAY = 115 kV, RTsua = 1300 A, sy
WU e ABC 911y Ruile CBA

Sag = 0.80 m iMsGvaa

I"I-I'.-Iﬂlil“—%:

VOLT;GE----*..EG;-*.'- * W - linladadod 2 2 2 T ¥ RTIAN—.
RENT ) BUND,
BNDL [CIRC VOLTAGEIAHGIE] LOAD [ANGLE| oF | X LE COO$DIHATE§AG PH
# 1 (kV¥)} |(DEG)| {(A) | (DEG) |COND| {n) (m) , (n)

'.'*I‘I-**I***I'**I—**'***‘.'*i.******i***’** ca & ] * B JEBE BE-9E-35 3 3 3 S L 2 3 X X T La g 2 T Y

1 1 115.0} 0. 1300. a. 2 2.25 7.8

21 1| 115.0] 2407 1300.| 240 | 5 2.25 %sjag fgg é

3 1 115.04 120. 1300. 120. 2 2.251 12.80 .BD C

4 2z 115.0} 120. 1300. ] 120. 2 ~2.25| 17.80 .80f ¢

5 2 115.0] 240, 1300.1 241 2 -2.25 15.30 .80 B

6 2 115.0 0. 1300. | 0. 2 -2.25 12 .80 .80 A
-,_? 1 .01 0. 0.4 0. 1 .00 22.00 30| GND
= La 2 1 2 1 X XTEVEeY W30 3E OF "-:—i**ﬁ.***i*‘**I*ﬁi*'*ii***‘: ---------- 0 3-36 1225 W
- HINIKOM GROUND CLEARANCE = 12.00 =meter -
- POWER SYSTEN FREQUENCY - g0, Hz -
L SO0IL RESISTIVITY =- 100. ochr aster *

L3 2 2] }II.*'I‘HII"I"!"'“IIIHI!'&EII* I.I*illl*.‘-I-I'.'II*III**!*I**!.'*II“!.".

"I'ﬂl—lll*l‘.*IIII‘I!"""'!.I.**.II.-- e =

. SUBCONDUCTOR INFORMATION ~ REGULAR BUNDLES -

.....‘.."*'".H"'*"“* NN e & 2 4 L - -'.‘.*..."'.u‘*“."" [ 2 2 13
| BNDL CONDUCTOR | DIANETER SPACING | DC RESIST | AC RESIST | AC REACT |
| 2 NAME | {cn) (cm) | (chm/kn) i (che’km) | {(oha/km) |
.‘ﬂ.".‘*".."*-"' Lo 2 = X 2 T R Iy *I‘.***'.* EL 2 2 2 3 0 BN L L =-r'w.'.'i.","""." -

1 |GREBE | 2.560 | 20 000 | .0B1D | .0820 | .25870 |
{ 2 |GREBE | 2.560 | 20.000 { .0810 | .0820 | L2570 |
| 3 [GREBE | 2.560 | 20.c00 | .0B10 | L0820 | .2570 |
| 4 |GREBE | 2.50 | 20 000 | 0810 | .0820 | .2570 |
| 5 |GREBE | 2.5360 | 20.000 | 0810 | .06820 | .2570 |
| 6 |GREBE | 2.560 [ 20.000 | .0B10 .0B20 | L2570 |
| 7 |1-28S | 1.260 | 000 | 2.1380 2.2190 | 3710 |

Fepvyeprge 369 M popes

3N 456 Ansilimesaieg fitlounus gy = 115 kV, nzua = 1300 A, 5202 Sag = 0.80 m

LATERAL MAXIMUM HINOR-MAJOR SPACE
DISTANCE FIELD ELLIPSE AXES VERTICAL HORIZONTAL POTENTIAL
(feet) (meters) (kV/m) (ratio) (kV/m) (k¥ m) (kV)
~-164.0 -50.00 .017 .000 .017 .001 .017
=147 .6 -45.00 .020 .002 .020 .001 .020
~131.2 -40.00 .025 .006 .025 .001 .02%
=114.8 -35.00 .030 .014 .030 .001 .030
-98 .4 -30.00 .037 .030 .037 .002 .037
-B2.0 -25.00 .047 .057 .047 .004 .047
-65.6 -20.00 .070 077 .070 .009 .070
—-49.2 ~15.00 .136 .048 .134 .021 .135
-32.8 —-10.00 . 276 .002 .274 .034 . 275
~-16.4 -5.00 .41S .074 . 415§ .033 .411
.0 .00 . 404 188 . 404 .07% .402
16.4 .00 . 415 .074 .415 .033 .411
32.8 10.00 . 276 .go02 . 274 .034 .275
49.2 15.00 .136 .048 .134 .021 .135
65.6 20.0¢0 .070 .077 .070 .009 .070
82.0 25.00 . 047 087 . 047 .004 .047
98 . 4 30.00 .037 .030 .037 002 .037
114.8 35.00 . 030 .014 .030 .001 .030
131.2 40.00 .02s .006 .02% .00l .025
147 .6 45 .00 .020 .002 .020 .001 .020
164.0 50.00 .017 .0ao0 .017 .001 .017

Ui 4.57 srwasann Wi fRusedi = 115 kv, Assud = 1300 A, 3262 Sag = 0.80 m
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ll.ﬁ—-’— Beotric Flekd Frofie
B R ESIRRIININY au- e, SO -
= 03 |
% =
i.::: =
g 02 i
m =
0.1 -
“ﬂ I B M‘i Tt nT -ttt 1r—1r—1r—
Dxslance ( meters ) ol 40
= d' ar
31 4.58 n3 vl Tntiius o = 115 kv, nssuer = 1300 A, 520s Sag=0.80 m
(==—————m——— AC MAGHETIC FIELD >
LATERAL MAJOR MINOR- VERTICAL HORIZONTAL RMS
DISTANCE AXIS HAJOR COMP COMP RESULTANT
(meters) (feet) (uT) (RATIO) (uT) (uT) (uT)
-164.0 =50.00 .76 .372 .65 .49 .82
-147 .6 —-45.00 1.01 .363 .89 .61 1.08
-131.2 -40.040 1.39 .353 1.26 .76 1.47
-114.8 ~35.00 1.96 . 345 1.85 .94 2.07
-98 .4 -30.00 2.48 .337 2.82 1.14 3.04
-82.0 -25.00 4.43 .331 4.43 1.47 4. .66
-65.6 —-20.00 7.14 .325 6.93 2.89 7.51
—-49.2 -15.00 12.03 . 317 9.77 7.99 12.62
-32.8 -10.00 20.51 .303 8.76 19.56 21.43
-16 .4 -5.00 31.97 .282 17 .58 28.18 33.22
.0 .00 38.21 . 270 38.21 10.34 39.58
16 .4 5.00 31.57 .286 17.69 27 .67 32.84
32.8 10.00 20.01 .311 8.61 19.11 20.96
49 .2 15.00 11.61 .328 9.63 7.65 12.22
65.6 20.00 6.81 340 6.66 2.72 7.19
82.0 25.400 4.18 351 4.16 1.51 4.43
98 .4 30.00 2.69 .363 2.57 1.26 2.86
114 .8 35.00 1.81 .376 1.62 1.07 1.94
131.2 40.00 1.27 .391 1.05 .88 1.37
147 .6 45.00 .92 .407 .70 .71 1.00
164.0 50.00 .69 .425 .48 .58 .75

319 4.59 AvBImNUUUIMAN NS IFU = 115 KV, ATZUE = 1300 A, 3302 Sag=0.80 m
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-« Wingrvstic Faakd Pro e

BField (M)

° o - o . - H
1 i i 1 I T T
P . ! i 1 | i I 1

T T T—T ]

T
! o ™ 4
Onslance ( meters )

:; L] ‘ﬂ' Qs
Ui 4.60 nsmlorunimBniinsadu = 115 kv, nszua = 1300 A, szoz Sag=0.80 m

1INNSNAADITILTIAU=115 kV, NI2UA = 1300A, 536 Sag = 0.80 m Hin3isa ey e
ABC vu fume CBA wuhaun wihiisigeqe = 0.415 kvim uazmnuimangaga -
39.58 UT

4.7 Snsenamsnanes

frualfia ABC vuufuda ABC H11n15maa0aRusadu 22 kVuaz 33 kVAIZUE 400

A 3202SAG 0.70 m

AMuAusIAL 22 kv nszna 400 A lamteun IWihigaga =0.125 kV/m
nuAusu 33 kv nzua 400 A TdmeuulWihgaga =0.187kV/m
MHUANSIAU 22 KV Nszu@ 400 A Tdmauumimingaga =32.96 UT
fMuasn 33 kv nIzud 400 A lAMeuiumimangagea =32.96 uT

fimualiiva ABC vuuis ACB Min1snaanafiusdu 22 kViag 33 kVATTUE 400 A

IPUTSAGO0.70 m

fnmuausedn 22 kv nszua 400 A TadsanyIdhgage = 0.690 kV/m
MMUALSIAN 33 KV nazua 400 A lameunnIvdigaga =0.111 kV/m
AMUAUSIAU 22 KV ATZUA 400 A TARTEMIIimMAngaqe =24.50 T

AvuAusdi 33 kv Aszua 400 A TAmemnuiimangaga =24.50 UT
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Q 3 o o o o
fmualdia ABC yuusuma BAC Ynmisnanoshusedu 22 kvuag 33 kVNIZia 400
A TYUZSAG 0.70 m

AMUASITU 22 KV n3zua 400 A e iihgega =0.125 kV/m
MNUANTIAU 33 kv P3sue 400 A Téaronn T gaqa = 0.187 kV/m
AMuALsIN 22 kv nssue 400 A 'lﬁ’fhﬁmmu}mﬁnqqqﬂ =31.59 uT
AMUANTIRL 33 KV nszum 400 A Tafhaunuaimingaga =31.59 uT

[ 4 ar o :; L
fimualdie ABC vuufuma CBA MIMINARNDINUTIAN 22 kVIag 33 KVNITIE 400
A 3292SAG 0.70 m

AMUANTIU 22 KV N3z 400 A T Indhagaga = 0.600 kV/m
MMUAIIIAL 33 KV Sz 400 A Taeeuy Ifhgaga = 0.900 kV/m
AMUALSIAU 22 KV AT 400 A TAmmmunimangaga =10.14 uT
MMUALGIAY 33 KV Aszuw 400 A Taannnimangqa =10.14 uT

fmualdiiva ABC vuufumea ABC MNINANDINUTIAU 115 KV ASZUE 1300 A 5282

SAG0.80 m
AMuAUIIAY 115 KV nszud 1300 A Tdsaunifigage = 1.280 kV/m
AMUAUSIAY 115 KV Aszud 1300 A Temeununimdngega = 112.77 uT

fmualiida ABC yumifua ACB ¥in15maaoafis vy 115 KV nseua 1300 A 520z

SAG 0.80 m
AMUALTIAN 115 kV  n3zua 1300 A Tamauinihigega =0.857 kV/m
AMUANTIAY 115 KV Nszud 1300 A Témauunimangaga =95.65 UT

frualdiia ABC 1umdua BAC Min1snaanafiusaqy 115 kV nssue 1300 A 52t

SAG 0.80 m
fmuaus ey 115 kv aszud 1300 A TaeuuTihqaga = 1.261 kV/m
AMUASIAL 115 KV nazue 1300 A TAmeuimdngaga = 103.89 T

Amualdida ABC yutufuma CBA 10 15MAaeius 16U 115 KV ASEUT 1300 A 2o

SAG 0.80 m
MMUANTIAY 115 KV nszua 1300 A Idmaunndhgaga =0.415 kV/m

AMuALsIAL 115 kv nszie 1300 A 1 mnumimangaga =39.58 UT
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4.8 aplwanisnaang
mnm:i‘nﬂammmmﬁgﬂ'lﬁ’imﬂﬁu‘lusz‘u‘umm’h'lﬂﬁmﬂqwztfwmimh
awnlih Tﬂuﬁﬁwfhwmsaﬁ'uﬁﬁmaifu seir i I iisigetuain g uasds
maﬁu'lv.lﬁﬁﬁwaﬂmﬁazﬁﬂﬁﬁwmﬁum‘lﬂﬂﬁﬂ'mﬂaamu'hJﬁ"w Fana12'189 18 veq
mn:u'lﬂﬂﬁi'zﬁﬂ“lu'muﬁ'qi]xﬁ'mmﬂsﬁuIﬂumqﬁmmﬁuMﬁﬁtﬁﬂifumﬂumaﬁq
11mﬂﬁmaaammmﬁ;ﬂ1ﬁ’i1ﬂszntﬂ1ﬂﬁ1ﬁtﬁﬂifu'1uszunmuﬁa‘lﬂﬂwzﬁ'wm{am
aunnimandinszuaiigs vehldfouuimanTiageiy uazienssuaiinianasiessin
Tifwesaumniminiionanin gy vana12189 Meunianszudsfuas itusueg
aszua Iihmoluszuumod Wil
mﬂmsmaaamsaﬁ'umﬁuaﬁ:uumaﬁa1ﬂﬁ1ﬁ1ﬁa‘ﬁﬁ1wwmuﬁu (fievi1n1s
sanuuyIdinmsadumaduudavzi oy Wil uazamaimdniiatanasediusie1des
Tasmseenuuuadumdmiudnums99s ABC VUWADNT CBA e ldaanudy
au111'lv.lﬁmazﬂ'mamwumﬁuﬂumuﬂmﬁﬂaﬂm eiw%mmn‘s’unwsuuua"'uq Fuiy
ﬂ‘sz'iwﬂumsaamm‘umua'a‘lﬂﬁmsqqqﬁﬁmmﬂaaﬂﬁuﬁaﬁ'm:mmnﬁum'lﬂ‘v’h uaz

MINLMan
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unfi 5
msnmaaummau1u1ﬂﬁ1a1nszuumzx&io‘lﬂﬁmsaaaﬁssé’u
U

UIIAH 22 KV yae 115 kV
5.1 unyn

bamilazngqag i ot 93071
- " ua1~na'11mmsaanmmsnﬂaaumamuwﬁﬂmnﬂmuﬁﬁoﬁ's:uumuﬁe
W WNFINTTAOUUTINU 22 Ky g 115 kV amufigs u‘-}nm'[n'lwﬁ'lmm:ﬁu 3 RNy

5.2 3andszavd unsnaaay

1. Lﬁai’ﬂﬂu‘m'lvlﬁﬂﬁl.ﬁmﬁ’uu‘inmld’i:uumﬂm'lvlﬁ'umgamnLﬂ‘?aaﬁai'ﬂﬂmu'lwﬁ']
VBl (AC Electric Fiold Meter) uazinaadiato a Wi s ady

2. Lﬁar‘hnmﬂ‘%’umﬁuuﬁuw'lwﬁﬂ a’mLﬂ"}'aai’lafﬂaum‘lvlﬁ'lmrﬁ'nﬁ (AC Electric
Field Meter) LLR::I.ﬂ%:a{IﬁB'TG]ﬁu‘lu\lﬂﬁ'lﬁﬂf'ld’i{uﬁ!JIlJiI.I.n‘IJJ TLW indullufianiadiaany
wialii

3. lﬁaﬁ'maﬁ'lﬂ”mn'nnﬂﬂaui'mﬂu'm'lvlﬁ"nﬁlﬁm*mmum'lwﬁ'umga'lﬂﬁmn:ﬁmw

naayg
U

5.3 tﬁ?aaﬁauazqﬂnmimsnaaau

1. 1%aafieTamnulWiuonnding (AC Electric Field Meter)
2. i3l Yasuny Wi Agi st
3. Tsunsy TLw

5.4 38n1naaay

° a o g .
1, Yl'ln'l'il.ﬂan'.l.ﬁnmﬂﬂﬂlmf:uumﬂﬂﬂ"lwﬁ'ﬂﬁdE\‘N 22 kV uR: 115 kv
o - a o @ - LR - - o
2. ﬂ']ﬂ'lﬂ.ﬂﬂﬂq‘ﬂu‘ﬂ?mﬂﬂ:?’nn'}??ﬂau’]ll'lwﬂ'li]'lﬂuuﬂ']ﬂ'ﬁlﬁﬂﬂUTL?m?ﬂﬂdﬂﬂq\l
3 ' = ey o - o, - . Ly . . 4
5:14‘1'1\1|.mmum'lwﬂ'u.|.n§a Wuiimiduniuinuinmasths wiaseps height min 99

TR UE Y E
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3. ﬁwm‘%'aoi']ai’ﬂaum‘lwﬁwﬁamrﬁﬁﬁ (AC Electric Field Meter) Yaanys=tsiifiseys
5, 10, 15, 20, 25 \uaY uazfiyeys -5,-10,-15,-20,-25 a3 USamlataas Tﬂf.lﬁla]’rﬂil’]mlﬂ
ﬁao'fﬁmaomu‘lﬂluummumﬁoﬁuLtmu‘ﬁumuﬁszu:ﬁwmuﬁﬁmuﬂ

4. ﬁnta‘?aoﬁai’mmm‘lwﬁwﬁﬁw‘ifu Tamusznzvinafiszus 5, 10, 15, 20, 25 WAT uaz
fivzoe -5,-10,-15,-20,-25 (uay vSimdeiaas Tﬂuﬁ'ui’ﬂmm‘mﬁ’m'ﬁﬁwaomu‘lﬂiuummu
£ R ST TITET TLoITR: STTS DT TRY VNN S R

5. ﬁmﬂ?‘aoﬁai'ﬂaumiwﬁ'u‘ﬁomr‘i‘rm_f (AC Electric Field Meter) Taanu382v13fi 32 s
0.5, 1, 2, 3 Ly VIt vt ney

6. mlfﬁ'mﬁai’aaum‘lwﬁwﬁﬁﬁﬁu Tamusznsvinefiszoz 05 1, 2, 3 L Ui
MudaueImyd

7. ﬁ'lmﬁmﬁ::ﬁnaﬁ"lﬁmnmmﬂﬂaui'ﬂmnamu‘r"iﬁrhﬁmu‘lwﬁﬁmnmum
'lwﬂnu.'a‘ogatﬂu‘lﬂluﬁ’numn‘ﬁmﬁ’umsﬂizmawas‘hu“[ﬂmnnm?ahi

5.5 HaN I8N MTNAEaL

- o m ol -
551 wammagautaawininfnamuiadifiusgy 22 kv NISUA 400 A Ua=115
KV ATzus 1300 A anydlauy Tﬂué’nummﬁ'ﬂﬁﬁmifwwaamur&o'lwﬁn

A13971 5.1 NANINARELA IWFHTN LS I0U 22 KV

- ] [ | & E] a I
7=ﬂ=ﬁ'1ﬂ( m) | ww3asTanadnedu (kvim) | 1e3asiaiBonnding (kV/m)

0.5 1.83 11.40
1 1.78 2.69
2 1.46 2.80

3 1.13 2.70




o

12T

- eaunaddvish (kV/m)

————e nForTatamidiveg (kv/m)

|
% mIdiaiade¥u (kv/m)

er
—— TTUENIA(m )

31N 5.1 nrusaan I sudsusauy Wi flanneTasiadawdiag fu etseTad

v & “
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20 60 500 45

25 67 470 35
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) 3 T —
= ; i 1 AADNT 35 '
3 | OHGW i S P
| AWURI 15 kv <00 3 (59
S |15 kv al cONDUCTOR | bSO
~ % 22,33 W ARy wia
1) wlamnm
i
) W 122,33 kv ai conp. oR 185 3
52 OR | __AERIAL CABLE
v 22.33 kY ARG 185 1
(S5} 22,03 kV AER(AL CABLE
v | Atassn a5 ;
LT. CONDYCTOR_ .  _ |
— v | MwEnandnsauunan < 55 mm
| 1 ' 1
- N7 TELECOMMUNICATION Canwg [ (FOTAL OuTSIOE 01a ) |
Tassas1amanss @ e
}\' @ TANGENT STRuGTuRe ¢ 0 = 2}
— Vi
21%5tHri PEAINAGR () HHMANR
SYSTEM CIRCWIT MAX. SPAN () NOTE
ATV 15 kY .
i L
115 kv CIRCUIT o e B | asued
s 3 UILURINLA 5
THRNGSEUY 22,33 kY - 20 5
22,33 kv CIRCUIY e SLE PLAN NO. 1
TR S LTDANS P 0 ON. PACZ S
LT & TELECOMMUNICATION CIRCUT
N 1~015/
naammsgIu=ULl nnsl Wﬁ’)ﬁ?Uﬂﬁﬂ’m 18‘.?11:“\111 IRi=818/348%8
:J'\uu'm'sg'mu:nm'\uua:nfu.t . anunulatuL ...
Lo Y
muuu Laudw : EEARASIIUR3, 318, 2546
LA WIS~ AL ERUE TS
"""" im wwnsudf
wang. LM ! ez wm Y NOIUABDIAGIAS SUMANAS 115 KV ; .
Fmusiun Fix @ (SEANEAT Ty UMY 22,33 Ky Tawwnmwa: 15 kv) B, 29
N’}"nﬂ_iﬂﬁﬁﬂal 2 -------- clﬂ'iaﬂ'i'ld'ﬂ'\ Awsunamsa WAz FH an'i’\aq‘f ................
ganupnnanw SR i’
';a‘qu H'IU‘]'NHH‘IJHJ‘ SPAN LENGTHS FOR 115 kV CONSTRUCTION STRUCTURE T RHH.SAIOES/ﬂﬂ{lﬂi
meﬂ,mﬁm {IN CASE THE 2233 k¥ LINE IS CONSTRUCTED UNDER 115 k¥ LINE) . )
Nl e~y TANCENT AND ANGLE STRUCTURE WRUTL ] BINSIUU BN Y




95

g FEUVrU NN

TANGENT AND ANGLE STRUCTURE

(IN CASE THE 2233 kV LINE IS CONSTRUCTED UNDER $15 kV EINE)

NG nauRrh =
5
ASSEMBLY NO. 151
3. ASeRs1A WAL 115 wy 21359 Al i uae
29990 AtlHRg
¥ R ] 8. 115 kv DOUBLE CIRCUIT SINGLE CONDUCTOR AND
= DOUALE CIRCUIT DDUBLE CONDUCTOR
@ fi s Ty .
Afui 19951 W BUTRAWAA (L) [y Gaw)
_ ITEM SYSTEM CIRCUIT MAX COND SIZE  {mm" ) |QUANTITY (WIRE)
X 1 ——
E' £ bl 1 AAANT 15 .
3 -3 oHEW
fi fi pinn e s (ECTI—
i1 ] AMAEANL 1S ey £ (u"s}
400
. . 1115 kv Al CDNDuﬁoq ] ) t2 {00}
~N % 22.33 W guvfan win
= ALLIAINNN
_ £ (b0 I wamnnA 185 3
_ 1 ) 22,33 kV Al COND OR
%50 OR v5D OR AERIAL CABLE . o
w | 2233 W edimonnna - 5
(Ds) 22,33 KV ARRIAL CaBlE | ]
v | #muwssEn a5 .
LT, CONDUCTOR . | R
gl g -m vt | sdsanfinsauunay €55 mm .
;I’_‘"‘Y:*V"" TELECOMMUNICATION CaBLE| (TOTAL OUTSIDE DiA)
- M
Tas1as1irnans, . .
v O (0- 2)
TANCENT STRUCTURE
"
3395l WH ﬁ:u:ﬁw.maaan ) WUNIKNE
SYSTEM CIRCUIY MAX. SPAN {rm) NOIE
PRGUSYU 1S kY {+10)
115 kY -.,I'?(‘UIT . _ RllNUNJ'ﬂ 2
995 Y 5
MRGGEUY 22,53 KV atle ) w0 Tt
22,33 v CIRCUIT . o SEE PLAN NO. 2
NIUSHWA S VUAIAS (Vav) ON. PACE 5
LT & TELLGOMMUNICATION CIRCU
. 5723000
k7 1
NBINASHIVS=VULHAN “l - Uy 1 -818738838
; . < ANSLNWIJINAUNR 5
:huma'sg WURSATRRIARDANY oy ﬂf'l%i'ﬂ'u-ﬂll\!.UU e e e
B N
mz.uu. CRulha - }, - dnuAdaiun.d, WA, 2540
AR WAIMNTG 70 e ey g
: d'm """"" avnd
NG F‘{"E&f --------- WIS IEINA WA NASIRIN RS 115 ko . -
TIMuuey "‘; =1 | inseifinass UU'-'n"mu'm 2233 kv lawunanuas 1 kyy |HIUV L
EWmMmsnae AN ‘m Gnaan AMEUTIRGY wasmn e UGN
s 7
Py — SPAN LENGTHS FOR 115 XV CONSTRUCTION STRUCTURE | (1nanfl SAL-015/48008

WU, 30039V, AUy
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General Description

The LM 108 eexios are precision oparafionsl empifens haw
\ng spedfioations a toctor af ton betier than FET amgifiara
ovare -B5C to +125°C temperature ranga.

The devibes aparate with supply voltages from 2V 1o
120V and have sutticlnt supply rejaction to use unroguist.
&d supplios. Atthaugh the circult is inlarchangeahle with and
usod the same compansaion as tha LW 1ID01A. An slernats
compensation gcheme can bo used b make ® parkcutary
insansitve © power supply nose and 1o make eupply by-
Pass capacitcss unnocasaary.

Tha low curmant enor of the L1108 serice mekag posgible
may dagigns hat are not practicsd with @ vortional ampl-
flers. In fact, it oparatos from 10 M1} SOWTe redstancas,

&Natt'onal Semiconductor

Oecomber 1094

LM108/L.M208/1.M308 Operational Amplifiers

Miroducing toss amor than davicos ke the 700 with 10 11
sourcea. intogrators with doits kesa than 500 pV¥igec and
anaing tme dalays in excess of one hour can bs mads e
NG cBpacriom no lamer than t uF.

The LM108 & guarantesd wom -55°C to +125C, ths
LM208 trom  25°C 1o 4 B5°C, and the LM308 trom " 1o
+7re.

Features

E Maemam inpud Hasunaniutﬂnmwatmpam
® Offest aarend loss than 400 pA over temparatire

[ SnmmrmtofmymPA.wmhaahraiun

& Guarantoad difl charactsristica

Compensation Cirguits

Standard Compensation Clreult
A A2

W

TLHI ™A A
*"Barchwicdih and low s sre proportonad 1o 170

Alternate* Frequency Compensation
Ri A2

Vi

"Vir

TLHSTEE -2
“ERGr Ovish MSCTON OF POW O ALPOY Noise by & taclaZ 0fton
" Bandwach h ard dow rfa e proporionak 10 1486,

Feadforward Compensation

3

S af

J1

iNPUT

| I

ouirPuy

TLHMME -2

~J

ssayiidwy reuonesado 80EW1/80ZIN /80LINT

0D el ZamingdorCoguetion TS

AP oMz s At inU . & A



98

(Nate
LM 1051 M205 Lialos
Supply Vollage T 20V 118V
Power Digalpation (Nots 1) 500 vy 500 mve
Dﬁumwlmn&mmfﬂmezi T 10mA +10mA
imnvmagemmaa) T 15V 1§
Outpud Short-Chreest Duraton Contrucus Contitwious
Opearating Tempemiure Range (L4 108} ~85'Clo +125'C O'Cto 4 70re
L4205} ~IEC o+ B5C
Sirage Tempergtue Range ~85'C1o + 150°C ~65C 1 + 150
Lead Tamparaturs {(Soldadng, 10 ssc:)
oin 220
26000
H ®eckggn Lead Temp
(Solderirg 10 seconds) 300G 30070
Soldertng Intrmaton
Dustinline fsckage
Solderdng (10 sacoiie)} 260°C
Smafl Ouiline Padcege
Yapor Phase (60 seconds) 215C
intared (15 asconds) 27c
Sea AN150 “Surfarn Mounting Methoss ang Thay Eflect on Prosua
Ralighhty’” tor other methods of aokderang auracs mount devices.
€20 Totarance (Note €) 2000V
Electrical Characteristics {Note 4)
Parameter Conditlon LM10e Units
Typ Max Min Typ May
input Ofiset Valiage Ta = 260 o7 20 20 75 my
nput Otiaet Cusrant Ta = 25°C [ 11 02 o2 nA
input Bles Current Fa — 25°C 08 20 1.5 7 nA
ot Resistance Ta =~ 25°C 70 10 40 Mry
Supply Ourrent Ta = 25%3 03 o0& 03 08 mA
Large Sgnal Voltage Ta = 25C. Vg = +15v
Gain Vour = 1OV, By 5 10K o0 25 300 v/my
nput Oftset ioltags 30 10 my
Average Tamperatira
Cosftciant of Input 30 5 €0 30 BVrC
Offisol Voltaga
et Olfaad Corent 04 15 rA
Average Temperatira
Coetcient of Saput s 25 20 10 pASC
Otfaat Curvant
input Bies Curent 30 1o nA
Supply Current Ta = 41280 e.15 0.4 mA
Lerge Sgnal Voltage Ve~ 218V,Voyr - tiov t5 Vimv
Gan R = 10k
Output Voltage Swing Vs— £18V,R. =~ 10KQ +13 14 413 14 v
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Electrical Characteristics qow 4 {Continued)

Paramater Conditlon Li108/t M203 LM308 Units
Min Typ Max Min Fyp Max

Input Voltage Range Vg = 115v 1135 114 v
Common Moda

Rejoction Ratio 85 100 BO 100 a8
Supply Volage

Rejection Ratio 80 86 8D 86 s 2]
Hmn:ﬂumnmhwmmwmmmuumilm_fan-mm.mcwlummmroc BN &1 aleetec) 1 mp a8, Gavices
hﬂnHanb&hmhnaumuMHanumol 130C /W, jarcion bmaao'c!w.mtnnwme.ﬂ-atmam!nmudm
chiphin-fine package In 1007C/W, jurcton 1 s mblent

Hote 2: The Inputs we shunip d with back-to-back dio dey for overvoltage proscion. Thargicra, sxcasgiva armnt Wil (ow Hf 2 dfferantial inpit vl ksge In excoo of

thmﬂ-hmwu some Initing rawetence i uzed,
Nuutl-'crnmwbo-buﬂnn :tw.nmmmnmwnmmimwpuvm‘

Nots 4: Thasa epacifkations angly for VL Ve s 220Van0 550 g T, ¢ + 125°C. unieas othenuas mpaciflay, With the La206, howrewnr, al wmporatrs

tpaciications aee beitod to ~29C < Ta % 85C, sand for tha LMI08 thoy sre lvtad 10 0°C < Ty, < 70°C.
Note & Redwr 10 RET3 108X for LM 108 miktsry specications and RETa 1 08AX for LM 108A, midiary e ahcatons
Hots & Human body model, 1.5 kMY bt weriea with 100 pF.

Schematic Diagram

C(J.'dlflls‘ﬂllnh‘ CUWERS'AHIIN

an

iNPUTS

RI1Q

C

[
m—ﬂlﬂl‘ul

TUHTTSA-8
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Typical Applications (comined

Fastt Summing Amp2fier

“im ackdTon © InTatig
o0, the LM 1O1A mivey
Bigh and low Feqmncy
R, NEreata Gitput
drive capatitly ard el ming'on
Bl i ack

Connection Diagrams

Hetal Can Packape
Lowe 2

Ty pea— 1

“Fackage is conreaz3d 0 Fin 4 V)
FUnused phn fro indeml comocdon) 33 BOoW Yo Nt and Jsakage Quard

Mg OB peinted AUt board Byou.
Order Number L M108H, L M108H 7883,
LMi08AH or LM308H
See NS Package Numbes HOEC
il 14
2 13

COMPENSATION § e L
i 2— COMPINSATION 2
BFrJT= 3 - .!.1.. Ve
WRUT : ¢ LLX QUTRYT
A 9
¥ ] Ex
TLH? B8
Top View
Order Numbar LM1G8.1/8583

See NS Package Number J14A

CUTPUT

tPower Bandwl dit: 250 Ky
Smat Sonal Barciuiihy B W2
Ginw Rate: 1M/ u§

€ x 100
1A w1

—
-

TUHY Ma-12

DuaHn-Line Package

U/ .

p—en (0P J

(MP—II
INPLT ™ ——b—L bmssine 4
1wyl * - ) —"—- QUTPLT

LAHITGE-12

Top View

Order Number LM 1080-8/883, L M30SM or LMI0SN
See NS Package Number JOBA, MOBA or HOGE

nG l:'::_" | & i:.:; GOWP |
ne 4 = come 2
3 1

tNPU!-E::“_: LM10BW ;}z\“
INMUS ] _‘—_—_l ouTPUT

Y — N = L

AT
Order Number LM 108Vy/883
See NS Package Number ¥/ 10A

t Ao sumlabie pav SO/ 10104
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Ly,

LM124

LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIN BANDWIDTH D 1L.3MHz

W INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

B LARGE VOLTAGE GAIN :100dB

N VERY LOW SUPPLY CURRENT/AMPL]| -
375pA

H LOW INPUT BIAS CURRENT : 20nA

B LOW INPUT OFFSET VOLTAGE : 5mV max.
{for more accurate applications, use the equiv-
alent parts LM 124A-LM224A_LM324A which
feature 3mv max.}

B LOW INPUT OFFSET CURRENT : 2nA

B WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TQ +30V
DUAL SUPPLIES : +1.5V TO +15Vv

DESCRIPTION

These circuits consist of four independent, high
gain, intemally frequency compensated operation-
al amplifiers. They operate from a single power
supply over a wide range of voltages. Operation
from split power supplies is also possible and the
low power supply current drain is independent of
the magnitude of the power supply voltage.

ORDER CODE

™

N
DIP14
(Paslic Package)

.

D
S0O14
{Plastic Micropackage)

-

P
TSSOP14

(Thin Shrink Smafll Outline Packagej

PIN CONNECTIONS (top view)

wet 4 [

Non-nwertog inpe 2 5[]

Wweding a2 6 [

Part Temperature Package
Number Range N D P
LM124 '55°C, +125°C L » .
LM224 -40°C. +105°C . . .
LM324 0°C, +70°C . . .
Example : L M224N

N = Dusl in Line Package {DIP)

D= Small Oudtine Package (SO) - als0 available in Tape & Reef on

P = Thin Shrink Sma!l Cutline Package (TSSOP) . only gvadable in Tape
EReel (FT)

December 2001

Ouput2 7 [

Cupit 1 ~7 1 14 Outpast 4
wering input ¢ 2 [ ] 12 fovening Inpot &
Nestmwering frput 1 3 [jﬁ [] 12 Moosvering Input 4

] 91w

] 10 Noninverting kngust 3
1 5 iwertiong input 3

1 8 ouputs

113
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LM124-L M224-LM324

SCHEMATIC DIAGRAM (1/4 LM124)

Vec
1 ® ®
CD GuA 4pA 100pA
% Iz @
_r Q6
Inyerting Q2 a3
input Q1 Q4 Q7
g oA oA R 8¢
Nor-inverting 0 " - a1
input 1 Output
E r) Q13
Qi1 "—En 2
Q3 Q9
5QKA
|27 i z?‘: Lo s e r GND

ABSOLUTE MAXIMUM RATINGS

Symbo! Parameter LM124 LM224 LM324 Unit
Vec | Supply voltage 16 0r 32 v
Vi Input Voltage -0.310 +32 \
Vid | Differential Input Voltage " +32 v
Pt Power Dissipation N Suffix 500 500 500 mw
D Stffix 400 400 mw
Output Short-circuit Duration 2! Infinite
n  |Input Current 3 50 50 50 mA
Toper | Opearting Free-air Temperature Range 551t0+125 | 4010 +105| Oto+70 *C
Tey | Storage Temperature Range -65to +150 C
1. Either or both input voltages niust not exceed the magnitude of Voo or Vg
2 Sdhiu'n‘e-cicu'tq from o’ﬁ'cc. ] \fc?fem °§£.'?°ri'§°un h'f_g‘t“l? i VEC » is\me mwdm L%:mre_nt 18 approximately 40mb independent

3. Thisi cureni only exists when the voltage at of the l(eacbhdiuenﬁm . It i due to the collector-base junclion of the input PHP
kmgc;‘t“bem\g {orward biased and theréby n:w a5 hmMes clamps. in addition to this diode sction, there ia also NPM parasitic action on
the iC chip. this tranaistor action can cause the oy voltages of the Op-amps 10 §o to the Ve voltage levef {or to ground for a large overdrive)
for the time duration than an ingul s drven Ve,

Thia is not gestructive and normat output will £+ Up again for input voltage higher than .0.3Y.

213 ‘7—1




103

LM124.LM224-LM324

ELECTRICAL CHARACTERISTICS
Vee* = 45V, Vee'= Ground, Vo= 14V, T

amb = +25°C (unless othenvise specified)

Symbol

Parameter

Min.

Typ.

Max.

uUnit

Input Offset Voliage - note ¥
Tamp = #25°C

Vio L

Tonier < Tams < T

LM324

M324

W~~~

mv

Input Offset Current
Ih Tm =+25°C
Trrin € Tamp S T

100

input Bias Cumrent - note 2
|[|, Tamh = +25°C

Trin € Tams S Trax

20

150
300

Large Signal Voltage Gain

ot Tamp = +25°C

Tl'ﬂ'nS Tamb = Tmax

Ve = +15V, R, = 2kQ. V, = 1.4V to 11.4V

100

vimv

Suppty Voltage Rejection Ratio (R,
VCC+ =5V to 30v
Tams = +25'C
Trnin S Tams € T

SvR

£ 10k}

110

daB

Supply Current, all Amp, no load
Tomp = +25°C

Tmin < Tamb < Tmax

Vee = 5V

VCC = +30V
VCC = +5V

Vec = +30V

- O-0
theeeon ~

v Veg = +30V - note ¥
lem Tamy = +25°C
Tevin S Tamp < Trnax

input Common Mode Voitage Range

Vcc '1 .5
Vee -2

Comimon Mode Rejection Ratio { Ry
Tamp = +25°C
Tn'-.‘ < Tm 5 Tnm

< 10kQ)

80

as

Output Current Source (Vig = +1V)
Yoo = +18V, Vg = 42V

20

40

70

Output Sink Current (Vi = -1V)
Voo = +15V, V, = +2v
Vee = +13V, V, = +0.2V

10
12

20
50

53

High Level Cutput Voitage
VCC = +30V

Tam =+425°C

Toin = Tamp < Trrax
Tamy = +25°C

Thin S Tomy < Trax
Vee = +5V, R = 2k
Ta:rda =+25°C

Tm'n s Tani: s Tmax

Ry = 2k} 26

26
27
27

Ry = 10kQ

3.5

27
28

3

I3
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LM124-LM224-LM324
Symbol Parameter Min. Typ. Max. Unit
Low Level Output Voltage (R = 10k(2)
Vol Tams = +25°C 5 20 myv
Tenin S Tamd < Toax 20
SR Slew Rate
Vee = 15V, V; = 0510 3V, R, = 2k, C, = 100pF, unity Gain 0.4 Vins
GBP Gain Bandwidth Product
Ve = 30V, f=100kHZ,V,, = 10mV, R = 2k, G, = 100pF 13 MHz
THD Total Harmonic Distortion
= 1kHz, A, = 2008, R_ = 2Q, Vo = 2V, € = 100pF, Ve = 30V 0015 %
Equivalent Input Noise Voitage nv
& 1= 1kHz, Ry = 1009, Ve = 30V 40 iz
DVio  |input Offset Voltage Drit 7 a0 uvrec
Dlyp  {input Offset Current Drift 10 200 pA#C
N 43
v, V., [ Channel Separation - note
o192 | kHz < f < 20KkHZ 120 a8

L -

413

The direction of th
exisls on thef'-put
The input common-mode voltage of ejther input signa’ voitage should nol be allowed 0 go negati
COmMmon-mode

Vo= 14V, R, =0Q, 5V « Yoo <30V, 0 <V < Veet - 1.5V
2 Iﬁgg current is oul of the IC. This current is easentiofy conalant, independent of the siate of the ouipld $0 ne loading charge

voltage range i3 Vo * - 154, but efther or bath inputs can go fo +32V wit damage.

cted ad this type of capacitance ncreases at higher fre

ve by more than 0.3%. The upper end of the

Duz bo the prosamity of extemal ts mawre that coupling is not oni ing via stray capacitance between these externa parts. This i
embedegm ot & mm ¥ cana P typicaly
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LM124-LM224-LM324

TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER

HIGH INPUT Z DC DIFFERENTIAL AMPLIFIER

[, 4]
100k

I

o Vst
-3 <3
mg % F

Fo = 1kHZ
Q=50
A, = 100 (40dB)

R R

1 4
Forn—z_
2 Ry

(CMRR depends on this resistor ratio match)

AS ShOWN 8 = (85 - &)

USING SYMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

B 1/4
by lg {umi21
+e|l
13 2N 929
IB
Is
1.5M

> Aux. amplifier for input
current compensation

3

913
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MACROMODEL

** Standard Linear les Macromodels, 1993.
** CONNECTIONS :

" 1 INVERTING INPUT

* 2 NON-INVERTING INPUT

*30OUTPUT

* 4 POSITIVE POWER SUPPLY

"5 NEGATIVE POWER SUPPLY

SUBCKT LM124 13 2 4 5 (analag)

TARRREATANASRANR N LR LR A3 4 8y g 1 g gn ey ERAA Rk I

MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

*INPUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIP105251
EIN165151

RIP 10 11 2.600000E+01
RIN 15 16 2.600000E+01
RIS 11 15 2.003862E+02
DIP 11 12 MDTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP1213DC 0

VOFN 1314 DC 0

IPOL 13 5 1.000000E-05
CPS 11 15 3.783376E-09
DINN 17 13 MDTH 400E-12

ELECTRICAL CHARACTERISTICS

VIN 17 5 0.000000e+00

DINR 15 18 MDTH 400E-12
VIP 4 18 2.000000E+00

FCP 4 5 VOFP 3.400000E+01
FCN 54 VOFN 3.400000E+01
FIBP 2 5 VOFN 2.000000E-03
FIBN 5 1 VOFP 2.000000F-03
" AMPLIFYING STAGE

FIP 519 VOFP 3.600000E +02
FIN 519 VOFN 3.600000E+02
RG1 19 5 3.652997E+06

RG2 19 4 3.652997E +06

CC 19 5 6.000000E-09

DOPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12
HOPM 22 28 VOUT 7.500000E+03
VIPM 28 4 1.500000E+02
HONM 21 27 VOUT 7.500000E+03
VINM & 27 1 .500000E+02
EQUT 26 231951

VOUT 2350

ROUT 26 3 20

COUT 3 5 1.000000E-12

DOFP 19 25 MDTH 400E-12
VOP 4 25 2.242230E+00

DON 24 19 MDTH 400E-12
VON 24 5 7922301E-01
.ENDS

V‘:‘:+ =+15V, V= 0V, Tamb = 25°C (unless otherwise specified)

Symbol Conditions Value Unit
Vio 0 mv
A R =2kQ 100 Vimy
lec No load, per amplifier 350 pA
Viem -15t0 +13.5 \
Vor |Ry=2kQ (Vec*=15V) +13.5 v
Voo |R =10k 5 mv
los Vo =+2V, Ve = +15V +40 mA

GBP |R_=2KQ. C_ = 100pF 13 MHz
SR Ry =2k, C = 100pF 04 Vius

10/13
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LM124-L.M224-1.M324

PACKAGE MECHANICAL DATA

14 PINS - PLASTIC DIP

i
r—
J .
o 4
D
[ 1M 0
" ]
[
1 7
| AN T N I S I N e O |
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max,
at 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
bt 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.160
el 15.24 0.600
F 7.1 0.280
i 51 0.201
L 33 0.130
Z 1.27 254 0.050 0.100
IYI

1113
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (50)

o

[ A |
LLWE_‘ b )
b e - -
_'H‘ e3 r— Em £
D M
r_}]_H 00071 _
14 8 |
7
L 7
Uuouoouoog
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
A 175 0.069
aft 01 0.2 0.004 (.008
a2 16 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 05 0.020
el 45° (typ.)
D{1} 8.55 875 0.336 0.344
E 58 62 0.228 0.244
e 1.27 0.050
e3 7.62 0.300
F{n) 38 4.0 0.150 0.157
G 46 53 0.18% 0.208
L 0.5 1.27 0.020 0.050
M 0.68 0.027
S 8* {max )

Kote - (1D and F do nol include mold flash or protrusicns - Moid flash o protrisions ﬁalimlexceedﬂ.ﬁrma

1213

(066 inc} ONLY FOR DATA BOOI.

3
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LM124-LM224.LM324

PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)

c -
g“ 025 wen
G ok
- = -3

ln

E1
P A S R

SEaTnG
PUANE
<]
m
% 1

| %]

At

s |
T

[a] [
s . O =
ll PN UENW!CA‘&/
Millimeters Inches
Dimeansions
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
At 0.065 0.15 0.01 0.006
A2 .80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
c 0.09 0.26 0.003 0.012
D 490 5.00 510 0.192 0.196 0.20
E 6.40 0.252
E1 430 4.40 4.50 0.169 0.173 o177
e 0.65 0.025
K o° 8° o° a°
L 0.450 0.600 0.750 0.018 0.024 0.03¢
L1 1.00 0.03%
aaa 0.100 0.004

information fumnished is believed 1o be accurate and reliabie. However, STMicroelectronics assumes no responsibility for the
consequences of use of stch information nor for any infringement of patents or olher fights of third parties which may resuit from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this pubiication are subject to change without notice. This publication supersedes and replaces all information

Previously supplied. STMicroelectronics products are not authorized for use as critical companents in fife support devices or
systems without express written approval of STMicroelectrosics.

© The ST togo is a registered trademark of STMicroelectronics

& 2001 STMicroelectronics - Printed in Raly - All Rights Reserved
§TMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israed - Haly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzeriand - United Kingdom - United States
© htip:/www.st.com
1$7;
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Data Sheet

37/, Digit, LCD/LED Dispiay, A/D
Converters

The intersifICL7 106 and ICL7107 are high performance, low
power, 31:’2 digit A/D converters. included are seven
segment decoders, display drivers, a reference, and a clock.
The ICL7 106 is designed to interface wilth a liquid crystal
display (LCO) and includes a multiplexed backplane drive;
the ICL7107 will directly drive an Instrument size light
emitting diode (LED}) dispiay.

The ICL7 106 and ICL7107 bring together a combination of
high accuracy, versatility, and true economy. it fealures auto-
Zero to less than 10pV, zero drift of iess than 11VOC, mput
bias current of 10pA (Max}, and rollover efror of less than
one count. True differential inputs and reference are usefuf in
all systems, but give the designer an uncommon advantage
when measuring foad cells, strain gauges and other bridge
type transducers. Finally, the true economy of single power
supply operation (ICL7106), enables a high performance
panel meter to be built with the addition of only 10 passive
compaonents and a gisplay.

Ordering information
TEMP.

PARTNO. |RANGE(°C)| PACKAGE | PKG.NO.
ICL7106CPL 01070 (40 Ld POIP E406
ICL7106CM44 0070  [44Ld MQFP 044.10x19
ICL7107CPL 0t070 (40td PDIP E405

ICL7107RCPL 0to70 [40LdPDIP (Nate} |E406
ICLT107SCPL 0to70  [40Ld PDIP (Note) |E406
ICLT107CM44 Dto70  |44LdMaFP Q44.10x10

NOTE: “R"indicates device vith reversed leads for mounting to PC
board underside. “S" indicales enhancad stability.

110

ICL7106, ICL7107, ICL7107S

August 2002 FN30682.4

Features

+ Guaranteed Zero Reading for OV input on All Scates

+ True Polarity at Zero for Precise Null Detection
*+ 1pA Typical tnput Current

= True Differential Input and Reference, Direct Display Drive
- LCDICL71086, LED tCL7107

» Low Noise - Less Than 15uVp.p
* On Chip Ciock and Reference

+ Low Power Dissipation - Typically Less Than t0mwy
= No Additional Active Gircuits Required

- Enhanced Display Stabifity

7 CAUTION: Thase devices are senskive 1o electresiric dischaige: fotlgw Proper IC Handling Procedums,
1-5B3-INTERGL or 321-724-7143 | Intasil tard design) 5 & registered trademank of intorsl] Americas nc

Copyright © IrMersi Amesicas Inc. 3062, AR Rights Reserved
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ICL7106, ICLT107, ICL7107S

Pinouts
iCL7106, ICL7107 (PDIP) ICLT107R {(PDIP)
TOP VIEW TCP VIEW
;: osc 1 Vs
[ 1 0sC 2 [39] b1
o 0sC 3 3] c1
(s)d a1 TEST 57] 81
o REF HI [36] A1 3 (149)
Gi REF LO 5] 4
E1 Crert 34} 61
f D2 CrEr- 33 E1 |
c2 COMMON 32] b2
B2 N Hi 3] c2
10
(10's) « A2 Lo E] B2 [ (109)
F2 AZ 28] A2
o BUFF 78] r2
D3 iNT [77] E2 J
B3 v- [26] 03
{10049} ¢ G2 (10
' L (10%) %] 83 > (1008)
£ c3 ] Fa
{1000) AB4 (100} 4 A3 73] €3 |
PoL Ga 2] (1000} AB4
{MINUS} BP/GHD 7] poL MINUS]

iCLT106, ICL7107 (MQFP)
TOP VIEW

z
w
[
3

sTRerLO
ST ) Creee
2T Cper-

& T3 common
g

S LiNe

¢ az

£ Tsurr
si—Tn
‘;‘j‘:l:lv.

tHe 1‘.4 13 NC
MC 2 2 T62
TEST 3 £1 | -y o]
0sC3a 4 T A
HC 5 2163
0sc 2 5 20 T 1BPIGND
0SC ¢ T 2T 1raL
Vs 8 26 AB«4
ot 9 25 E3
W 10 24 F3
Bt "2 13 14 15 16 47 16 19 20 21 287 83

A1 F1 G1 E1 D2CZ B2 A2 F2 E2 D3
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ICL7106, ICL7107, ICL7107S

Absolute Maximum Ratings Thermal Infarmation
Supply Voltage Thermal Resistance (Typical, Note 2} tya (OCIW)
ICLTI06, Veta V- . 15V PDIPPackage . ............. ... .. ... . . 50
IGLTI07, V4o GND .. ... 6v MQFPPackage ............................ 75
KCLTI07, ¥-toGND . .. ... .. .. . . -9V Maamum Junction Temperature .. ... _..... ... .. ... . 160°PC
Analog Input Vottage (Either Input} (Note 1} ... ... ... Viio V- Maxemum Storage Temperature Range. . ... ... -65°C to 150°C
Referance Input Voltage (Either Input). . .. .........,. . Vo V- Maximum Lead Temperature (Soldefing 10s)............. 300°C
Clock Input {MQFP - Laad Tips Cnly)
ICLTH06 .. ... TEST to V+
KCLTI07 .. GND to v+

CAUTION: Stresses above those Kisted in “Absaiute Maximum Ratings” may cause permanant demaga to the devioe. THhis is a siress only rating end opemtior of the
device ot these or any other conditions above those indicated in the operatonal sectione of tvs specification: 15 not implied.

NOTES:
1. [nptnvdtagesrnayexoeedlhesupplyvoﬂages provided the mput curent 1s Emied to 2 100uA.
2. 8, is measured with the camponent mounted on a low effective thermal conductivity test board in free air. See Tech Brief TRI7S for details,

Electrical Specifications (Mote 3)
PARAMETER | TEST CONDITIONS | MmN | TYP | max T unr
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full Scale = 200mv -000.0 { £000.0 | +000.0 Digital
Reading
Stabifity {Last Digit) {CLT1055, ICLT107S Fixed Input Vottage (Note 6} -000.0 | +000.0 { +000.0 | Digital
Only) Reading
Rattometric Reading Vin = VRer. Vrer = 100mV 999 99910 | 1000 Dagital
00 Reading
Rollover Eror Vi = +Vjy 2 200mv - 02 11 Counts
Difference in Reading for Equa Positva and Negative
Inputs Near Full Scale
Linearity Full Scale = 200mV or Fuli Scale = 2V Maximum - +0.2 +1 Counts
Deviation from Best Straight Line Fit (Nate 5)
Common Mode Rejection Ratio Vem = 1V, Vi = OV, Full Sezle = 200mY (Note 5) - 50 - nvnv
Noise Vin =0V, Full Seale = 200mV - 15 - v
{Peak-To-Peak Value Not Exceadad 95% of Time)
Leakage Current Input Vin =0 (Note 5} - 1 10 pA
Zero Reading Drift Viny = 0. 0°C To T0°C (Note 5) - 0.2 1 pvieC
Scale Factor Temperature Coefficient Vin = 199mV, 0°C To T0PC, - 1 5 ppm2C
(Ext. Rel. Oppm/=°C} (Nole 5)
End Poveer Supply Characler V+ Supply Vin = 0 (Does Nat include LED Current for L7107} - 1.0 1.8 mA
Current
End Power Supply Character V- Supply Curent | ICL7107 Only - 06 18 mA
COMMON Pin Analog Common Valtage 25k(} Between Common and 24 30 32 v
Pasitive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common | 25k02 Between Commeon and - 80 - ppm°C
Pasitive Supply (With Respect o + Supply)
DISPLAY DRIVER [CL7106 ONLY
Peak-To-Peak Segment Dirive Vollage V+ =to V- = 9V (Note 4) 4 55 6 v
Peak-To-Peak Backplane Drive Voltage

3 il'ltersil
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ICL7106, ICLT7107, ICL7107S

Electrical Specifications (Note 3) (Continued)
PARAMETER | TEST CONDITIONS | MIN , TYP | MAX ] UNIT
DISPLAY DRIVER ICL7107 ONLY
Segment Sinking Current V+ = 5V, Segment Voltage = 3V
Except Pins 19 and 20 5 8 . mA
Pin 19 Only 10 16 - mA
Pin 20 Only 4 7 - mA
NOTES:

3. Unless otherwise noted, specifications apply to both the ICLT106 and ICLT107 at Ta = 25°C. 1c) oK = 48kHz. ICL7106 is tested in tha cirouit
of Figure 1. ICL7107 is tested in the circust of Figure 2,

4. Back plane drive is in phase with segment drive for "off” segment, 160 degrees out of phase for “on” segment, Frequency is 20 imes conversion
rate. Average DC component is less than 50my.
5. Not tested, guaranteed by design.

6. Sample Tested,

Typical Applications and Test Circuits

+ = ay
" ?]N *'II =
fy Ry L
| $C
[ fleaffal e
Ry & R ! 2 3 DISPLAY
Cy = 0.4uF
L12Us|s /18 als] iz sIIBNRIIRIR]I=Ns]x ~l|= C2 = 0.4TyF
G385§3§§§§§z-‘§§533205 Sl
88 gy s&o ez "3 Cg = 0.02F
) Ry = 24k
Rz = 47k
R3 = 100Kk
Ry = 1ki2
Ry = M0

HIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL

SCALE
+5v + - -5V
° N
Ry Rs
c el
*‘::E_-I-c. Re ! 2 *[ {oispuar
Cq=0.1pF
2ialia| sl =il =8 == R = RRIRRE R Cy=047yF
- NapE6 L he o rare—— o] == Cy=022F
239 hubgszgzga 80285 Cq = 100pF
0 00 ‘:Euo C5=0.02uF
IcL7107 R ina
-
3505 cEE808 003820853 S
o[ I hu&9=§23—2—=—ﬁ AR5 = 1NO
DISPLAY

HIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE
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ICL7106, ICL7107, ICL7107S

Deslign Information Summary Sheet

* OSCILLATOR FREQUENCY

fosc = 045RC
Cosc > 50pF; Rose > 50k
fasc (Typ) = 48kHz

* OSCILLATOR PERIOD
tosc = RCL45

* INTEGRATION CLOCK FREGUENCY
fcLock = Toscr4 |

* INTEGRATION PERIOD
iNT = 1000 x (470s0)

*+ 60/30Hz REJECTION CRITERION
LNTAs0Hz OF inTeoHz = (nteger

* OPTIMUM iNTEGRATION CURRENT
IINT = duA

* FULL SCALE ANALOG INPUT VOLTAGE
ViNES (Typ) = 200mV or 2V

* INTEGRATE RESISTOR
Vines

N T

* INTEGRATE CAPACITOR
(yp)they)
Cipyr =
INT o=

* INTEGRATOR OUTPUT VOLTAGE SWING
iy yyr)
INT

Vint =

* VINT MAXIMUM SWING:

(V- +0.5V) < ViNT < (V4 -0.5V), VINT (Typ) = 2V

-

*

DISPLAY COUNT
Vv,
COUNT = 1000 x v_’"
REF
CONVERSION CYCLE
leye = toLock x 4000
Iove =1lose X 16,000
when Tosc = 4BkHzZ; Icye =333ms
COMMON MODE INPUT VOLTAGE
(V- + WV} e vy < (v+ - 0.5v}
AUTO-ZERO CAPACITOR
0.014F < Ca7 < 1pF
REFERENCE CAPACITOR
0.1pF < CREF < 1uF
Veoum
Biased between V) and v-.
Veom=Ve-28y
Regulation iost when v+ to V- < =68V
1t Voom is externally pulied down to (V+lo vz,
the Voo circutt witl tum off.
ICL7106 POWER SUPPLY: SINGLE 8V

Vi -V-=9v
Digitai supply is generated internally
VGND 2 V+ - 4.5V

ICL7106 DISPLAY: LCD
Type: Direct drive with digitai logic supply amptitude,

ICL7107 POWER SUPPLY: DUAL H.ov

V+ = +5V 1o GND
V- = -5V to GND
Digita! Logic and LED driver Supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anocde

Typical Integrator Ampliifier Output Waveform (INT Pin)

AUTO ZERC PHASE
!COUN'TS]
- 1000

e e -l

SIGHAL INTEGRATE
PHASE FIXED
1000 COUNTS

DEJINTEGRATE PHASE
0 - 1999 COUNTS

TOTAL CONVERSION THIME = 4000 X Ly oex = 16,000 x toge

5 intergjl
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