, CAL/ . TV‘MSVY”;S/O\/] LJVJ@_ /Oal/‘ﬂ_,m@‘z‘el/‘g

7, —/—V‘Msm[s:/bn Ll‘we D@Z/Ugu« Cows/g/ewajg,'cmy "

X [ vamsmiss ion Livies conki'sh 049 :

(D) Consluctors -
—T}f’% -+ Alamivim comlmd'w, Steel ve—im ﬂmwﬁ (AC%Q}
All = Aluminu e cond uckon (AAC)
Al - Aluminume - olloy conducton (AAAC)
Aluwm iviu m Cl:;?dutctow ] /l[)gg,- wcmfovcecf ( ACAR)

Alam inum —C Steel conducton (AmwtoweJ>

l?_)wo/(l Mov e {'[/lam
ove conduddon pewn
phase to cantyol
covovie omel vegluea
+Lu_ BICC{‘WL-QQ{JJ
S%V&Ajﬂ/\.

Stee! strands

547 Cardinal
Ir
.y
Aluminum strands
@ Thsulators :
Nominal
Voltage Suspension Insulator String Shield Wires
Number of
Standard
Insulator
Number of Discs per
Strings per Suspension Diameter

(kv) Phase String Type Number {(em)

69 1 4to6 Steel 0,lor2
138 1 8toll Steel 0,lor2
230 1 12to 21 Steel or ACSR lor2 11ltol.5
345 1 18 to 21 Alumoweld 2 087 to 1.5
345 1and2 18 to 21 Alumeweld 2 087 to 1.5
500 2 and 4 24 to 27 Alumoweld 2 098 to 1.5
500 2 and 4 24 to 27 Alumoweld 2 098 to 1.5
765 2 and 4 30 to 35 Alumoweld 2 0.98




@guf()wf Structure - & @ g\m@[g/ Wives -

Thereafter, transmission-line design is based on optimization of electrical,
mechanical, environmental, and economic factors.

!
Ra1= % £2

where p = conductor resistivity at temperature T
I'= conductor length

A = conductor cross-sectional area
Do 2o fmil 5 | omil = ﬂq sgy mil

—(ZD*in? miy 7 2 T '
A= (4 D in. )(IOOOM) ,4(1000D) f4a’ sq mil

or

Am (a2 sqmit) (— Y 2 o
4 m/4 sq mil



Conductor resistance depends on the following factors: P\ j [ L )
1. Spiralng — Stronded = + 1%~ 2% lovge-

T, +T
2. Temperature —— pp=pn (ﬁ)
3. Frequency {“skin effect’) = R, :Ploszs
1|

4. Current magnitude—magnetic conductors

4.3 Conductemce
% Caused by insulator ZchLga convenk cndd corvena.
% Nery small = m@legu%(a-

Muc%mce: gm[/ﬁf C //mo/w'ca(/ Cono/acfow

The inductance of a magnetic circuit that has a constant permeability u can
be obtained by determining the following:

1. Magnetic field ntensity H, from Ampere’s law
2. Magnetic flux density B (B = uH)

3. Flux linkages 4
4

. Inductance from flux linkages per ampere (L = 1/7)

@ .Lnfewua/[ ductamce s x< ¥

FIGURE 4.6

Internal magnetic field
of a solid cylindrical
conductor




%Fltan dl = Ienc]osed

H{2zx)=1I, forx<r ——= H,= I Afm
2mx

2
X
L=[-]7T forx < r _
* (r) _— H)E——zmr2 Afm

thoXt

B, = i, H, =20 2
o 27”,2 /1’1’1

2
d® = B.dx Wh/m > di— [~ do—= 2 Woe/m
¥ 2mrt

* Iy Il
Adm:JdA:%J W =EE =2 1077 Wot/m ——> Ly =
o ar 7

0

@ Ex %@vmj inductance . X >V

H.(2nxy=1

I
Ho=— A/m xX>r
* T 2ax /
Outside the conductor, p = i, and
I I
By = pHy, = (dnx 107)——=2x 107>  Wb/m?
s toH, = (4 x 1077 2= =2 x 107~ Wh/m
I
dd):Bxdx:ZXIO_-’;dx Wh/m

Since the entire current [ is linked by the flux outside the conductor,

di—dd—2x 1071 & Wh-t/m
pa
D D2
,hz:J d/l:2x10_7IJ &

D, D, ¥

D
=2x1071 ln(D—l) Whet/m
1

it

I

t
8

1><
2

1077

H/m



- =207 ()
L= 7 =2x10""In D, H/m @/
Il D.:Y 2 DJ_: D - >\P = v termal hkx —+ £x {'ormar\ ]&[w(, p

lp:%x 10777+ 2 x 10—’11112
.

Gﬁl [ CL”) /Jm%;_ leads to-

Ap =2 x 10_71(1n e L n 9)
'

D
_ —7
=2x 1071 —

:2><10*’11nr—D, Whb-t/m 5V —

i D
Lp= TP: 2% 1077 1n(7) H/m

@ AWP% 0@ Conductovs:

D
Awpr =2 x 1077 In —=
P

A — 2 x 10771, In 22
D

M DPM

Ap = Azpr + Ages - e =2 x 107 Ly In—"
m=1 Do

M
Z I, 1In D,

m=1

M
1
Jp =2 x 10*72 ImlnD—+2 x 1077
fan

m=]

M M1
1
lLp=2x10"7 E I, lnﬁ—i— § L, In Dpy+ Iig In Dpyy
m=1 m m=1

M —1
htht ot ly= Iy=0—> Iy=—(L+h+t+ly)=—) I

m=1 m=1



M 1 M—1 M—1
Ap =2 x 1077 L=JIM In D_km+ MZ; I, 1n Dy, — n; I, In DPM}
» M 1 M1 De.,
=2x10 {;Jmln[}—m+ ;Immm}

Now, let 4; equal the total flux linking conductor k& out to infinity. That
is, 4 = lim Azp. As P — oo, all the distances Dy, become equal, the ratios
p—a

D/ Dpar become unity, and In{Dpy, /Dey) — 0. Therefore, the second sum-
mation in (4.4.29) becomes zero as P — oo, and

M
1
=2 10*72 I ln— Wht
X X 2 nka /m

45 T nductomee . |Qin‘—WlV\L Line ool 3¢ ‘Mwee—wlw& Line with uywﬂ phase spodn -

@ 1@ fwo-wire Line: /
/ /
_ 1 1 = 1 1) _
_ -7 - = 2y =2x10"7{LIn —+ I, In — !
de=2x10 (Ix In Dxx+1y In ny) : ( D. "D,
1% r
. 1 1 1 1 ’
_ 7 1 2 _n -7 2
=2x10 (Ilnr; IlnD> x 10 (IlnD Ihn )
N

m
ry

=2x107"In 9, Whb-t/m =-2x10"Th 2,
Tx " (a) Geometry

where 1, = e V4, = 0.7788r,. and

The inductance of conductor x is then - }Ly _ L}I %10 ? H/m per conductor Ly )
de A D y  — f v
Ly =22=Z—2x107 = H/m per conductor !
SR

(., D . D D? D -
(L:Lx+Ly:2X10 M=+l —) =2%x107In— =4x 107 1n H/m per circuit
o o o

{b) Inductances

=2



Also, if ¥l = #/, = #/, the total circuit inductance is

¥
Lo4x10"m2 H ircui
=4 x n— /m per circuit ¢
@ 3@ thvee-wive Line with eq/t/wt[ Spacing /Q >
—_—rT\
_ -7 1 1 1 D D
Ay =2 %10 (Ia In r’+Ib lnD+IE In D) neutral
re— " 5
1 1 D
=2x1077 {Ig In—+(I+1)h —} .
r D a b (b) Phase inductance
Using (I + I.) = — 1,
(a) Geometry

1 1
Ja=2% 10’7(Ia1n7—141n5>

=2x107L 9, Wh-t/m
¥

The inductance of phase a is then

c

_ e
La7£:2><10’71n% H/m per phase ’Lb: —%’j- DWW{ Le= T
B

a

4. 6 Tuductance ; Composite conductors, wequal phase SPOCings s burdled condluctors:
®Composfﬁc Conductors: '

N M
O, =2 x 1077 iE laniE 1HL
Ni=" Dgyw M7, D

O, 1 & 1 1 & 1
=—m=2x10T|—=Y n——— N " In—
k=N T [NZZ " Don NMZ, nDk,J

m=1 m=1
The total flux linkage of conductor x is

. 1\//1 BEE N} Nl 1 1 M1 1
= =2x107"1 — _——— —_
S LR N P P N

> 1/NM
-
N ( 1_[1 ka) Conductor x Conductor y
m=1’

— —7
Je=2x10 Iln}l:[IW
(f1,>-)

m=1

D)C
L.,=2x1071mn =% H/m per conductor
D)CJC




ry

L=IL,+L, H/m per circuit

Solve Ly 4.2
@ Unzqym{a PMaSG Spocing .

D
L,=2x10"7 1nD—eq H/m

S
\r\/\flcwﬁ) ~GMR

Deg = /DDy
P\ eaDQ E X H l/l

@ E)UJ\JZ@J Conductors - (EH\/\

J.v.- @ T o veduce {:{NL eleckme QAJDQ (cawnm\
& » .. the sevien veactance o
the Jine.

Two-conductor bundle:

DSL = \4/ (Ds X d)z =1/ Dsd

Three-conductor bundle:

Dst = v/ (Ds x d x d)° = /Dsd?

Four-conductor bundle:

Dy = \/(Ds x d x d x dv/2)* = 1.091{/Dsd’

The inductance is then

Deg

_ —7 1, ed
Ly =2x107In gt

H/m

M oM M

L,=2x 1077 In B—xy H/m per conducter 3 W\/\ Ere Dy, = H H Dion

fe=1" m=1’

D,; Position 1
Dy, Position 2
D3 Position 3

Read [Ex U5

[ vang Pos ition

©
f X
]

~ WOl

di 'td
d

Gans

O a
o



U7 Sevies Impe&Z@mccS:j@’ Line

W/ Newtva| Coneluctovs amel Eapth Retium -

Type of Earth Resistivity (£2m} Dhger (it
Sea water .01 1.0 §.50 854
Swrarnpy ground 1 1040 264 850
Average damp earth 100 sl
Dry earth 1008 2600
Pure date 107 260, B0
Sandstone 10 2,600,004
LCJ MQ) Dy =D m
cllston Dy = 658.5./p/F m
Ry = %868 x 1077F 0/m
(6+2N) (3+N) D
_ =7 ! -
ij:o —> & =2x10 Zlmlnka Wh-t/m
fe=1 m=1
A=LI
where
Aisa (3+ N) vector
Iisa (3+ N) vector
{L isa (3 + N) x (3 + N) matrix whose elements are:
_ Dy
L =2 x 1077 In —=
keni X n Do
EAa r 7
1
Egp I’
E b {(Ra+ Rp )R -+ Ry
Ce I Ry (Ry + Ry )Ry -+
0 | =(R+jowl) (Ro+ R )Ry
= Ia Wheve , R = o T Ik Q/m
0 " ? (Rnl + Rk’>Rk’ e /
Ry (R +Rier)

Ao

2 MG+
ma G() e

bl2)
o3
alt) O
1 Earth surface
Du
— —
n2" N’
ot
' O
o
5
L
A R, aa
A Y'Y a
W

VYV

Iy Bm Lntns
AA, YL
H \ .
R \ Lowan
I e
.

{a) Complete circuit



To Reduce Hhe (3+N) &cyaaf lows;

The diagonal elements of this matrix are

Zag3x3) H ZB (3x0) Dy
1 Zy =Ry +Rp+jw2 x10ln — Q/m
Eu || Zu Zy Zy3 ! Zu o Zipa L /7‘ e = R R Dy /
1 e
Eg || Za Zn Zys ! Zn Zy34m) I / And the off-diagonal elements, for k # m, are
Boe \[Zn  Zm Zw 12w v Zeew ||I
0 Zy Zy Zaz |\ Zua o Zapen In Zim = Ry 72 % 10 In Do Q/m
1 I Dim
1 AN
1 . . . .
0 Ziarwn Lowy L ! Zisrma o Ziarmpem Lt Next, (4.7.10) is partitioned as shown above to obtain
1
ZC(NX;) ZD(NXN) Ep — [ZA P
Ep = ZuIy + Zsl, 0 Zp | Un
0= ZcIp + ZpI, wherte
Solving (4.7.15) for I, Eya 1 Lt
Lo=—Z;'Zcl Ep=|Ep|; Ip=|h|; Li=|":
Ece L Liw
Using (4.7.16) in (4.7.14):

Ep=[Zy — ZpZ5' Zc|lp = Zplp
e

Zuaeq Zabeq Zaceq
Zp = Zubaq beaq Zbcaq Q/II]
Zaceq Zbccq cheq

Tl Lom‘oleJrC(;, fmmspos@af :

Zaaeq Zabeq Zabeq

ZP = Zabeq Zaaeq Zabeq Q/m

Zabeq Zabeq Zaaeq

where
{b) Simplified circuit

Zaaeq = %(Zaaeq + beeq + cheq)
1
3

2abeq = (Zabeq + Zaceq + Zbceq)



L/.?j Electyic J:;C[JXZ, VOW: Solid Cg?eméw'caf Como(ud'ofr
T he Copacitance between conclucko=

1. Electric field strength E, from Gauss’s law

2. Voltage between conductors
3. Capacitance from charge per unit volt (C = g/V)

@ TL‘ e \/o|JrchbL lgp}weem +wWo poM+s oufrl'Je tAe cOwJchrov\:

Gau.ss‘s Laws
ﬁfDL ds = ﬁsf? ds = Qunclosed > eEx(2ax)(1) = ¢(1) vearvange . B =5 V/m
nlCnsil»j, j-h-mg/@ﬁ\,
D DZ D
q q 2
— = —— dx=—1In=—= 1t
= JD1 Exdx JDl 2rex T 2me Dy vors

2 Voltage betwen Lwo cond ucfors inom cvay o chevgeol conductors:

Oz

\4/[”;; 2ne Dy

Vigm = LI % volts
Vi

Us g s upev posjan:

1 & Dim
Ve =52 an g volts s V= Mo Vi -+ Vi
m=1




Mamc@x [¢ +wo —wive Line ij 5QS Hvee-wive Line w/ czf,maﬂ @ S,Wi%

@ l(zﬁ Lwo-Wive Live: /
I
7 :L{qln%fqln%})USinngy:Dyx:D’ Dy = 1y, and Dy, = 7, ,/_,
Y dme D, Dy, g D e )

= Vo==—M volts
_ 4 1 DnyJW ) 7 e iy
2756 D)c)chy (a) Geometry
> For a 1-meter line length, the capacitance between conductors is
e . . . :
Cyy = 4 [ — F/m hne-to-hne) and if ro =1, =7, @Xy - F/m line-to-line ) X o0——A}——— y
ny . ( D ) n(D/r) C,
n
Vxy (a) Line-to-line capacitance
1T the two-wire line is supplied by a ‘;ransformcr with a grounded center 4sP> Xo_.._”_g__“_._o v
C,=Cy, = -2 _ 2C il F/m line-to-neutral Con = 20y G = 26y

MV T D
(b) Line-to-neutral capacitances

O 30 4:\4%@ wive ma.( uuz.Q P\Acuc sPac;wg)

Assume ga+qp+4q. =0,
Using ]DLm = Dbb =¥, and Dab = Dba = Dm = ch = ]3J

Dba Dbc

a
1 D D 1 D ¥
+qp ln + g.In Da:j 5o {qa In —+ g5 ln + ¢-In }f 7 |:f]a In - + ¢y In B} volts :[

1
1
Vap = 27‘[8 {Qa n c
an

. 1 D
5”\'\\[&\(1!2,) %C:%{qaln7+qcln%} volts

n

V3ol

Vio = V3Vin/430° = V3V, | = 5 tis

1/1 D [ - R
Vo + Ve = 3V 9%;15 e 2%11“7“"(@1)“"96)1“5*%4(1117 volts

Vae = —Vea = V3V 230° = V/3V0 [“; —jl}

gp +qc = —qa &y Oy Ja

F/m line-to-neutral




4.10 Ca}_)cha\/\ ce: S{-f‘a\/lcﬂaJ Covduc%ovr, Uy\m/mﬂ ¢ SPGLCiV\g,_ ) BLLM{LEJ Co V\J uctoys s

@ f\/‘a/nspogﬂ”%? @ Bpmp//{io/ &/ / Womsposeoz : \ d | i“d“} d
2rme
Cp=——— F/m )
= “mD.m o= s | LD L Dy L D o0 ONCY 00O
2762 Da 2 Dar 2 Da a | a b b D c b
D
where } , ab be
S +q—;lngi+q—;ln%+%lngi] Dac
Deq = \EabDbcDac o o ac
L% lnDab+lnD—“b Y P d
Tne |2 r d 2 D.» Do
ge ( D Dbcﬂ 2re
+={ln—=—+In— Cop = ——o
2\ De Dac “ " In(Deg/Dsc) /
T e
= € In %wL In @+ In Dic where Tnsposc ek
2nz | % &y, TeNp, _
Dsc = v/rd  for a two-conductor bundle

Vrd
g Similarly,
Dsc = \Sfrcﬁ for a three-conductor bundle
Dgc = 1.091 \/4 rd? for a four-conductor bundle

% C\/\KLV‘COLM%“ Cuvrent .
| :
@ ¢ L‘l_ \JOH’&%E = I/;cy = ny&

oo Ichg = ny ny :jmcxyvxy A

Vi
P =YgV, =wCyV5, var oﬂe[\ve ved \og,%\m L-L Coppacitenmca.

Q=5

> 5¢:
L/ N VD\+0L5/Q-——7 Van = VLN&

5o chg = YT :ijGEHVLN A

Qcip = YVHZH = coCa,,ViN var p{@\\veveJ \/_vg, p\AaLSQJCL

Read L 468 47
QC3¢5 - 3QCl¢5 - 3CL)CMViN - ‘UCMVI%L var a/le €D+a\. \V2%% sugpbccj ‘og_ QAQ 5(75 L[V\@.




Y|l Shunt Admitrancess Lines with Newdval conductovs amd Enrth Retwrnss

Earth plane

{a) Single conductor and earth plane

Solve Ex Y.g

{b) Earth plane replaced by image conductor

e wnddawr eavtln
o\v: \ E;‘L’i\:‘— ID[”ML
1 nN Hk nN Dk 2 nN Hk
Viger = — m In 2 — m I =2 = In —2
e = e mga 4 Dy mZ:a ¢ e 2me mz::u @m0 Dign
D= Vi
1 1 & Hin
R AL Tn 2
Vin =5 Ve 2m,;q’” " D
Pisys Poavw
Van Paa Pab Pa:: Panl Pan_N qa
Vbn szz Pbb Pbc anl anN qp Pkm _ ZL n g_km m/F
& _ Pca Pcb Pcr: Pml Pan q_c % e b
becauge 0 Pua  Puy P Puiam Priaw dnl where
W{Lfle"&‘h k=ab,cnl, ... nN
ant W’“’w 0 Pova Pave  Pawe | Panm Punny || qun m=a,b,c,nl,...,nN
Lo cortw
Pe VASY Pp uw

nl



P,

{% - {Pc

Py
Py

Ve = Pagp + Pag,
0 =Peqp + Ppg,

. éaa éab
CP - Cab Caa
Cw Ca

Yo E(_ﬁc{'\fic F{au Ctven

|

—
Vo = (P, — PsP;'Po)gp =) qp = Celp

IK%‘M ],l'me IS comrzlefcfg, ﬂmmPosac/(-_

éab é:m
¢, Fmo whenl,

~ szb
Cua

9
&= 2rer V/m

q/Ns

Epave = I rer

V/m

9/2  g/2

. Nb o o COmo(qu/pMa-Je,

a/3 a/d g/4
G/3 /3 q/4 q/4
. Y,
30° e
45°

The shunt phase admittance matrix is given by
or, for a completely transposed line,

?p :ijP :j(ZﬂTf)Cp S/m

%(Caa + Cbb + Ccc) F/Il’l
1
3

= (Cab + Cbc + Cac) F/Il’l

fa* Cavw(w@ow SWQMCE& K& m@ G\founof levo@:

Cowwa: [/m: lassu causeol lp;\_ an excess in +he electwic f/clof s4—v~wd£(46?/l- acOma(uc{ov‘ Swwgaca.ﬂok\//m

T he elechyc 2ield S‘F\/‘EMﬁ{’LL o one. comolucton-

Two-conductor bundle (Nb =2):

_gq/2 q/2 g2 r
R Bmar = 2ner | 2med  2mer L+ d
¥
:Emve<1+3>

Three-conductor bundle (N, = 3):

q/3{1 2cos30°\ 3
—<;+ 7 = Epave 1+7

Ernax =
'—)é 2re
Four-conductor bundle (N, = 4):

X s = q/4

2 cos 45°
d

2ne

<%+%ﬁ+ ) = Eraye [1 +§<2~1213)}



;@@mmJ—Leveﬂ electvic ﬁ/e(af SH@MZ’%LL:

¥+ v — xe)
2 Ground level
- (q_k> ida - V/m
2] Vit v —xe)
Line Voltage (KV s} Maximum Ground-Level Electric Field Strength (KV,,./m)
23 (1g) 0.01-0.025
23 (39) 0.01-0.05
115 01-02
345 23-5.0 So [\/(’, Ex 4.7
345 {double cireuit) 5.6
500 8.0
765 10.0

H 13 Favalld Civewir Thvee— phase Line:

* Impeeﬁme; " Es _
Ep Iy (ley + Ir2) fos
[ 7l .
Ep Ip;
Ip | Ep Y | Ys|| Ep (Y4 + ¥p) fex
A=zt |22 = ) Ep
Ipy (sx9)| Ep Yo | Yo || Ep (Ye + Yp)

-1
(Ip1 + Ip2) = (Ya + Y+ Yo ¥p)Ep :> Ep = Zpey{Ip1 + Ip2) —5’\ Zreg = (Yat Yo+ Yo+ ¥p)
[ ——

z;;v (3x3)
%S\V\WA}' Ao(m Honce -
dp1 Ve Ca|Ca||Vp (Cq+Cg)
- = Cp - = - | = P
Lpz] VP:| Ce CD:| VJ (Cc+CD)]

. _
(gp1 + @p2) = Creg V2 wh &ty Cpog =(Ca+Cp+Cc+Cp} =7 ¥Ypeq = jorCpeq




