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Introduction to line parameters

« \We know that transmission of electric power is done by 3-phase, 3-wire overhead lines.
 An a.c. transmission line has resistance, inductance and capacitance uniformly
distributed along its length. These are known as constants or parameters of the line.

« The performance of a transmission line depends to a considerable extent upon these

constants.

 For instance, these constants determine whether the efficiency and voltage regulation of
the line will be good or poor.

Prepared by: Dr. Shakunthala C Department o R



AT M E

3 CO“LEL of Engineering

Department of EEE
Emitting Elite Energy
.

ISQ 9001:201%

Constants of a Transmission Line

A transmission line has resistance, inductance and capacitance uniformly distributed along

the whole length of the line.

(i) Resistance:

* |t is the opposition of line conductors to current flow. The resistance is distributed
uniformly along the whole length of the line as shown in Fig.(i).

« However, the performance of a transmission line can be analysed conveniently if
distributed resistance is considered as lumped as shown in Fig.(ii).
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(if) Inductance :

« When an alternating current flows through a conductor, a changing flux is set up which
links the conductor.

* Due to these flux linkages, the conductor possesses inductance.

Mathematically, inductance is defined as the flux linkages per ampere i.e.,
Inductance, L = %henry
where vy = flux linkages in weber-turns
I = current 1n amperes

« The inductance is also uniformly distributed along the length of the line as shown in

Fig.(i).
« Again for the convenience of analysis, it can be taken to be lumped as shown in Fig.(ii).

* The two parallel conductors of a transmission line form a rectangular loop of one turn.
The changing flux in the line links the loop and hence the line has inductance.
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(ii1) Capacitance :
« We know that any two conductors separated by an insulating material constitute a
capacitor.

« As any two conductors of an overhead transmission line are separated by air which acts
as an Insulation, therefore, capacitance exists between any two overhead line

conductors.
« The capacitance between the conductors is Line conductor
- - - - : : : : s
the charge per unit potential difference i.e., | | | | Lic
I I I I
Capacitance, C = % farad : : : : V¢ ——C
I I I I
where g = charge on the line in coulomb i i i i
v = p.d. between the conductors in volts Line conductor ¥
(1) (i1)
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« The capacitance is uniformly distributed along the whole length of the line and may be
regarded as a uniform series of capacitors connected between the conductors as shown in
Fig. (i).

 When an alternating voltage iIs impressed on a transmission line, the charge on the
conductors at any point increases and decreases with the increase and decrease of the
Instantaneous value of the voltage between conductors at that point.

« The result is that a current (known as charging current) flows between the conductors as
shown in Fig. (ii). Line conductor

<
S5

R ———

Line conductor

(i) (i)
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Flux Linkages

As stated earlier, the inductance of a circuit is defined as the flux linkages per unit current.
Therefore, in order to find the inductance of a circuit, the determination of flux linkages is of
primary importance.

We shall discuss two important cases of flux linkages.

1. Flux linkages due to a single current carrying conductor.
« Consider a long straight cylindrical conductor of radius r metres
and carrying a current | amperes (r.m.s.) as shown in Fig. (i).
« This current will set up magnetic field. The magnetic lines of force
will exist inside the conductor as well as outside the conductor. @
« Both these fluxes will contribute to the inductance of the conductor. (i)
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(1) Fluxlinkages due to internal flux.
« Refer to Fig. (i) where the X-section of the conductor is shown magnified for

clarity.
« The magnetic field intensity at a point X metres from the centre is given by;
, I
:;:HI — X
2T x
Assuming a uniform current density,
I:f - T[x': I:xa /
nr I
H_ = X:XIX L = I AT/m
ro Tx 2Ty

“According to Ampere’s law, m.m.f. (ampere-turns) around any closed path equals the current enclosed by
the path. The current enclosed by the path is / and mm.f. = H X 2n x. .. H X2nx= L.
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If u (= pyu,) is the permeability of the conductor, then flux density at the considered point is
given by;

X

B, = 1, HXWb/HlZ

_ HoMpX J= Ko Xg wh/m? |1, = 1 for non-magnetic material

2
2Tr 2 Tr

Now, flux do through a cylindrical shell of radial thickness dx and axial length 1 m is given by;

x/
Ho 5 dx weber

dp = B x1xdx=
2Tr

2
I j ] only. Therefore, flux linkages per metre length of the

This flux links with current 7, [=
T 1

conductor is

2 3
T X Ix

dy = — dbp = Ho T dx weber-turns
nr 2T 1
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Total flux linkages from centre upto the conductor surface is

r I 3 I
Vine = ”D—i dx = Ho weber-turns per metre length
2T r 8T
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(i1) Flux linkages due to external flux

* Now let us calculate the flux linkages of the conductor due to external flux.
« The external flux extends from the surface of the conductor to infinity.
« Referring to Fig, the field intensity at a distance x metres (from centre) outside the

conductor Is given by ; W\
7 \‘1\\
H = AT /m W
X 2T X y‘ '
Wy / X ’h‘:\“—
0 I
Flux density, B = { H = — wb/m? I =dx
) X 0"x 2mx Iy
fffa”!

Now, flux dd through a cylindrical shell of thickness dx and axial length 1 metre is
Wy 1
2T X

dp =B dx= dx webers
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The flux do links all the current in the conductor once and only once.

0!

dx weber-turns
2::1: X

Flux linkages, dy = do =

Total flux linkages of the conductor from surface to infinity,

[T
V. = ;}3 — dx weber-turns
. Mol pu,l
Overall flux linkages, ¢ =wy. +vy,_ . =—(— . + andX
woll1 ¢
Y= % %+J.% wb-turns/m length
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2. Flux linkages in parallel current carrying conductors

 We shall now determine the flux linkages in a
group of parallel current carrying conductors.

* Fig. shows the conductors A,B,C etc. carrying
currents IA, IB, IC etc.

“
|

fir\
|
|

* Let us consider the flux linkages with one 11 /L\ i
|
conductor, say conductor A. ! an dsk@

|
|

-

« There will be flux linkages with conductor A due
to 1ts own current as discussed previously.

« Also there will be flux linkages with this
conductor due to the mutual inductance effects of
I, Ic, ID etc.

« We shall now determine the total flux linkages
with conductor A.
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Flux linkages with conductor A due to its own current

B Mo 4] 1 de -
- = T.[? ()

Flux linkages with conductor A due to current /,

Molp T ody
_ J‘X

- 27T
u:l1

Flux linkages with conductor A due to current /-

— Lo ICTG‘X (i
2T y X
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Total flux linkages with conductor A

= (1) + (id) + (iid) + ......

Wo 14 1@@ N HDIBJdX N Moffjdf’i’_km

2T 2T Y X 2T & X

Similarly, flux linkages with other conductors can be determined. These relations
provides the basis for evaluating inductance of any circuit.
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Inductance of a Single Phase Two-wire Line

A single phase line consists of two parallel conductors which form a rectangular loop
of one turn.

When an alternating current flows through such a loop, a changing magnetic flux is set
up.

The changing flux links the loop and hence the loop (or single phase line) possesses
Inductance.

It may appear that inductance of a single phase line is negligible because it consists of
a loop of one turn and the flux path is through air of high reluctance.

But as the X -sectional area of the loop is very **large, even for a small flux density,
the total flux linking the loop is quite large and hence the line has appreciable
Inductance.

** The conductors are spaced several metres and the length of the line is several
kilometers. Therefore, the loop has a large X-sectional area.
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« Consider a single phase overhead line consisting of two parallel conductors A and B

spaced d metres apart as shown in Fig.
« Conductors A and B carry the same amount of current (i.e. Ia = IB), but in the opposite

direction because one forms the return circuit of the other.

iIan+18=0
A B
) &)
[ l
< d >

* In order to find the inductance of conductor A (or conductor B), we shall have to

consider the flux linkages with it.
« There will be flux linkages with conductor A due to its own current 1A and also due to

the mutual inductance effect of current Is in the conductor B.

0 A s
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Flux linkages with conductor A due to its own current

Lo 1y ;+J'@
2T

Flux linkages with conductor A due to current Is

W Ip [ dx )
o v ... (1)
d

Total flux linkages with conductor A Is

W, = exp. () +exp (i)

_ e Ly l+Tg +H[}[BT(I'X
2t | 4 X 2T d)(
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Now, L+ 1y =

_[B

(i +log, >~ —log, r) 1y +(ln::rgE o — log, d)fg}

i
£f+10g9 (IA+IB) Iylog, r— Iglog, dﬂ

]Alﬁgef—fglﬂge d:| ('.'[A‘F[B:O)

log.d = I log. d
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Yy = ;lf; -{f + I4log,d—1,log, I]Wl) turns/m
_ Mo _I_A 7.1 d
om| 4 A8
_ Moy [l-i-log Q} wh-turns/m
2 L4 “r
Va
Inductance of conductor A,L, = T
A
= S—i[i+10geg]l{/m
4 x 107" 1 d
— —+1log, — [H/
om [4 "Be ;} -
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L, = 10_?[%+210geg]H/m ...(1)

Loop inductance = 2 L,H/m = 107 1 +4log, Q]H/m
-

d

Loop inductance = 10_T[1 +4log, — |H/m (1)

Note that eq. (i) Is the inductance of the two-wire line and is sometimes called loop

Inductance. However, inductance given by ed. (i) Is the inductance per conductor and is
equal to half the loop inductance.

Prepared by: Dr. Shakunthala C Depa



AT M E

3 CO“LEL of Engineering

Department of EEE
Emitting Elite Energy
.

EG 9001:201%

Expression in alternate form.
The expression for the inductance of a conductor can be put in a concise form.

L, = 10_?B+210g ]H/m

_ 2x107 H+ log, d]
1

= 2 X 10_?[10ge et + log, d]

r

s Ly = 2x107 log, —9
re

If we put r e'™ = I, then,

L, = 2 %107 log,, ?H/m ... (1fd)
P

A
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The radius 1/ is that of a fictitious conductor assumed to have no internal flux but with the same
. . . —1/4
inductance as the actual conductor of radius r. The quantity e = = 0-7788 so that

¢ o= re=0.7788 r

_1/4
)

Theterm ¥ (= r e is called geometric mean radius (GMR) of the wire.
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Inductance of a 3-Phase Overhead Line

» Figure shows the three conductors A, B and C of a 3-phase line carrying currents Ia, Is
and Ic respectively.

« Let d1, d2 and d3 be the spacings between the conductors as shown.

 Let us further assume that the loads are balanced i.e. Ia + Is + Ic = 0. Consider the flux
linkages with conductor A. There will be flux linkages with conductor A due to its own
current and also due to the mutual inductance effects of Is and Ic.
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Flux linkages with conductor A due to its own current

Mol | 1 T@ -
) 4-|- . .. (1)

Flux linkages with conductor A due to current Is

_ Wy lp T dx
2T X .. ()
. d3
Flux linkages with conductor A due to current Ic
_ Moo de
ot J x ... (ii1)
dE
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Total flux linkages with conductor A is

v, = (1) + (i) + (ii])

_ Ho Iy 1 TdX Mo Ip T dx | Mo Ic T dx
2t | 4 i X N 27 X N 2T y X
2

dx
X

dx

= o —+JdX —+IC
X

‘:‘*"—;8
M:L‘_.S

_ %Ki — log, f‘) Iy=Iylog, d; — Iclog, d; +log, o= (I; + Iy + [C)}

Y, = ;—;}[[(%— log,. I‘) Iy—1Iglog, d, — I-log, dE}
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(i) Symmetrical spacing
If the three conductors A, B and C are placed symmetrically at the corners of an

equilateral triangle of side d, then, d1 = d2 = d3 = d. Under such conditions, the flux
linkages with conductor A become :

Wa = g—i[(i - log, f‘) Iy~ 1Iplog, d— I log, d}
_ le_ii(%_ log, I.) I,- ([B-i- [C)loge d}
- S—i:(i—loger) I, + 1,log, d] (" Ig+Ip=—1))
- “%Rf‘q [i +log, IQ] werber-turns/m
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Inductance of conductor A, L A

VA Uo | 1
= ——2H/m =
7, m o [4 +log, ] H/m

. 4n><10?[1

d
—+1
o 1 +log,, 1’] H/m

L, = 10—?[0 5+ 2log, ]H/m

Derived in a similar way, the expressions for inductance are the same for conductors B
and C.
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(i) Unsymmetrical spacing

 When 3-phase line conductors are not equidistant from each other, the conductor
spacing is said to be unsymmetrical.

« Under such conditions, the flux linkages and inductance of each phase are not the
same.

« A different inductance in each phase results in unequal voltage drops in the three
phases even if the currents in the conductors are balanced.

« Therefore, the voltage at the receiving end will not be the same for all phases.

« In order that voltage drops are equal in all conductors, we generally interchange the
positions of the conductors at regular intervals along the line so that each conductor
occupies the original position of every other conductor over an equal distance. Such an
exchange of positions is known as transposition.

Prepared by: Dr. Shakunthala C Department o A
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» Figure shows the transposed line. The phase conductors are designated as A, B and C
and the positions occupied are numbered 1, 2 and 3. The effect of transposition is that
each conductor has the same average inductance.

» Figure shows a 3-phase transposed line having unsymmetrical spacing. Let us assume
that each of the three sections is 1 m in length. Let us further assume balanced

conditions i.e., Ia + IB + Ic = 0. Let the line currents be :

Position 1 & C B
osition g g
3 2
> n B | A C
A
i l
3 + C B A

Prepared by: Dr. Shakunthala C Department o




05y

v oy & Department of EEE
ISC 9001:2013 Emitting Elite Energy

I, = I(1+/0)
I, = I(~0-5—0-866)
I. = I(-0-5+/0-866)

As proved above, the total flux linkages per metre length of conductor A is

WA = g—i[(%_ 1Oge I‘)[A o [B h)ge d3 _IC lﬂge dZ]

Putting the values of /,, /pand /-, we get,

Yy = g—i (i—logef‘)[—[(—0-5—j0+866)10ge d,—1(—0-5+;0-866)log, dz}

= g—i %f— Ilog, r+0-51log, d, + j0-8661log, d, +0-5 Ilog,d, — j0-866 /log, dz}
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21| 4

p—

Mo | 1

_ —|—=1-1TIlog, r+1 log,

vy

- 2n| 4

-

] %[-i—[loge

2T

RS
o 4"'108.9

™~

V@0,

r

+ j 0-866 log,

Inductance of conductor A is

Va_

VA

L, =

IA B

0-5 [ (log_d, + log,d,) = 0-5 Ilog_d,d, = Ilog_(d,d)* = [log. .|d,d,

I

Prepared by: Dr. Shakunthala C

d
d

|

+j0-866 Ilog,

d

2

Jdods + j0-866 Ilog,

:

ds
d;

n



nOF 4 o8
G
N Y \
(<] UKAS
» - A. o A

ISO 9001:2015 Department :

Jd, d
_ Po l+10g9 - + j0-866 log, — L
2t | 4 | r dz
nd Jd, d d,
S 2.2 LI b S +0-866log, ~* | Hm
on |4 %8 d,
Jd, d, d
= 107 [é+210g9 + j1-732 log, }H/m
o p

Similarly inductance of conductors B and C will be :

S
=

- %+ 2 log,

|
f—
-

d
Ly +j1-7321log, J H/m

RN
S

_ 107 L " a9
Lr =10 2"'21089. " + j1-732 log, d}H/m
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Inducance of each line conductor

1

- 3 dy d
[;-l-ZIOgE\/ 172 7

:| % 10~ H/m

r

3/d, d, d,
.

= [0-5+210g€ }xl[)? H/m

If we compare the formula of inductance of an unsymmetrically spaced transposed line
with that of symmetrically spaced line, we find that inductance of each line conductor in
the two cases will be equal if d= 3/d, d, d, .

The distance d is known as equivalent equilateral spacing for unsymmetrically transposed
line.
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Concept of Self-GMD and Mutual-GMD

The use of Self Geometrical Mean Distance (abbreviated as Self-GMD) and Mutual
Geometrical Mean Distance (Mutual-GMD) simplifies the inductance calculations,
particularly relating to multi conductor arrangements. The symbols used for these are
respectively Ds and Dm.

(i) Self-GMD (Ds)
In order to have concept of self-GMD (also sometimes called Geometrical Mean Radius ;
GMR), consider the expression for inductance per conductor per metre,

Inductance/conductor/m = 2 x 10 (l +log, QJ

4 r

1

= 2 x107x +2x107 log, d

r

.. (1)

Prepared by: Dr. Shakunthala C Department o A /



In this expression, the term 2 x 10~7 x (1/4) is the inductance due to flux within the
solid conductor.

For many purposes, it is desirable to eliminate this term by the introduction of a concept
called Self-GMD or GMR.

If we replace the original solid conductor by an equivalent hollow cylinder with
extremely thin walls, the current is confined to the conductor surface and internal
conductor flux linkage would be almost zero.

Consequently, inductance due to internal flux would be zero and the term 2x10~7x (1/4)
shall be eliminated.

The radius of this equivalent hollow cylinder must be sufficiently smaller than the
physical radius of the conductor to allow room for enough additional flux to compensate
for the absence of internal flux linkage.
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It can be proved mathematically that for a solid round conductor of radius r, the self-GMD
or GMR =0-7788 r. Using self-GMD, the equ. (i) becomes :

Inductance/conductor/m = 2 x 10~7 loged/Ds

where Ds = GMR or self-GMD =0-7788 r
It may be noted that self-GMD of a conductor depends upon the size and shape of
the conductor and is independent of the spacing between the conductors.

Prepared by: Dr. Shakunthala C Department o



(i) Mutual-GMD

The mutual-GMD is the geometrical mean of the distances form one conductor to
the other and, therefore, must be between the largest and smallest such distance. In fact,
mutual-GMD simply represents the equivalent geometrical spacing.

(a) The mutual-GMD between two conductors (assuming that spacing between conductors
Is large compared to the diameter of each conductor) is equal to the distance between
their centres i.e.

Dm = spacing between conductors = d

(b) For a single circuit 3-¢ line, the mutual-GMD is equal to the equivalent equilateral

spacing i.e., (1d'1 d, dg)” g

D= (d d,d)"”

m
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(c) The principle of geometrical mean distances can be most profitably employed to 3-¢
double circuit lines. Consider the conductor arrangement of the double circuit shown

In Fig. Suppose the radius of each conductor is .

Equivalent self-GMD of one phase

D.s- - (Dsl % D.s-?'_ * Dﬁﬁ)lﬂ

Self-GMD of conductor = 0-7788 r

Self-GMD of combination aa " is
D.s-l - (**D{Iﬂ . Dcm' . Dn'ﬁ' * D, )“4

ada

Selt-GMD of combination bb " is
_ 1/4
D= Dy, X Dy X Dy X D)

Self-GMD of combination cc¢’ is
D.sﬁ — (DCC . Dc‘c" x DC'C' x DC'C)LIA

Q> QO ©
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The value of Ds is the same for all the phases as each conductor has the same radius.
Mutual-GMD between phases A and B is

D AB (D ab D ab’ D ab D (J'b') v
Mutual-GMD between phases B and C is
Dye = (Dye ¥ Dy * Dy, * Dyo)'™

be b’

Mutual-GMD between phases C and A is
DCA - (Dm . Dm' ~ Dc"n * Dc*'n')lm

It i1s worthwhile to note that mutual GMD depends only upon the spacing and is
substantially independent of the exact size, shape and orientation of the conductor.
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Electric Potential
« The electric potential at a point due to a charge is the work done in bringing a unit
positive charge from infinity to that point.
 The concept of electric potential i1s extremely important for the determination of
capacitance.
(i) Potential at a charged single conductor:
Consider a long straight cylindrical conductor A of radius r metres. Let the conductor
operate at such a potential (VA) that charge QA coulombs per metre exists on the
conductor. It is desired to find the expression for VA. The electric intensity E at a distance
x from the centre of the conductor in air is given by: |

O - P
E=—“=22 voltsm = (- ¥ )——-—-—-— 9 —
2Mx €
where Q, = charge per metre length | Qp
|
E X >

€, = permittivity of free space
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As x approaches infinity, the value of E approaches zero. Therefore, the potential
difference between conductor A and infinity distant neutral plane is given by :

o]

TVA _ OA dx = OA J.d){'

/ 2T X € 2ney J x
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Example 9.5. Calculate the inductance of each conductor in a 3-phase, 3-wire system when the
conductors are arranged in a horizontal plane with spacing such that D,, =4 m ; D,, = D,, = 2m.
The conductors are transposed and have a diameter of 2-5 cm.

Solution. Fig. shows the arrangement of the conductors of the 3phase line. The conductor
radius r = 2-5/2 = 1-25 cm.

Equivalent equilateral spacing, D \/D XD,, XD, = 32x2x4 =252cm

Inductance/phase/m = 10_? (0-5+2log,D, ﬁ,f ) H < D, >

— 107 (0-5 + 2 log, 252/125) H

= 1111x10'H

Inductance/phase/km = 11-1 X 10~ x 1000
= 1'11x10"°H
=111 mH
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Example 9.6. Two conductors of a single phase line, each of 1 cm diameter, are arranged in a
vertical plane with one conductor mounted 1 m above the other. A second identical line is mounted
at the same height as the first and spaced horizontally 0-25 m apart from it. The two upper and the
two lower conductors are connected in parallel. Determine the inductance per km of the resulting
double circuit line.

Solution. Fig. shows the arrangement of double circuit single phase line. Conductors a, a’
form one connection and conductors b, b’ form the return connection. al—25cm—>
The conductor radius, r =1/2 = 0-5 cm. i

G.M.R. of conductor = 0-7788 v =0-7788 X 0-5 = 0-3890 cm

Self G.M.D. of aa” combination is D, = #DM XD , XD, XD

da 100 cm

= 4(0-389x100)° =623 cm

De
o
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Mutual G.M.D. betweena and b1s D, = \/ b XDy X Dy X Dy ale—250m— |

[+ D =D, = \/252 +100* =103 cm]

= 4/(25x103x 103 x25)

1
=50-74 cm 00 cm

Inductance per conductor per metre

= 2% 107" log,D, /D, v

e
oe

=2x 107" log,50-74/623 H
= 042x 10 °H
Loop inductance per km of the line

= 2% 042x10°%x 1000 H
- 0-84 mH
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Example 9.8. Find the inductance per phase per km of double circuit 3-phase line shown in
Fig. 9-16. The conductors are transposed and are of radius 0-75 cm each. The phase sequence is

ABC.
Solution. G.M.R. of conductor = 0-75 X 0-7788 = 0-584 cm a{> 4m @E
Distance a to b = \/32 + (0+75)2 =3-1m ‘
Distance a to b’ = \/33 +(4-75)° =5-62m o
Distance a to a’ = \/62 + 47 =72l m EQ > Y QE

Equivalent self G.M.D. of one phase 1s
- '\/D.ﬂ X DSE X D.S'3

D.S‘
C 4m 1 @*’i’
where D, =4D,,xD XD, , XD,

Prepared by: Dr. Shakunthala C
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- '\/(0684 X 1072) % (7-21) x (0-584 X107} x (7-21)

=0205m=D,, Q 4m Q

Dy, = \/ (Dyp X Dy X Dy X Dy, )

= '\/(0-584><10_2)><(5-5)><(0-584 x107%)x 55

To
8]
&)
3

> ¢

Q

=0-18m

= 3/0-205x0-18x0-205 =0-195m 3m
Equivalent mutual G M.D. 1s

ORI s
D, = \/DABXDBCXDCA

where D, =4D,xD, XD, XD, =431x5-62x5-62x3-1

=417m =D,
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D{T‘A — ;\/DC{IXDCT.” X Df’ﬁ fo’a’

=46x4x4%x6 =49m

D, = 34-17x4-17x4.9 =44m
Inductance/phasem = 107’ x 2 log, D /D = 107" %2 log,4-4/0-195 H
=623 %107 H=0-623 % 10~ mH

Inductance/phase/km = 0-623 x 107> x 1000 =0-623 mH
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Capacitance of a Single Phase Two-wire Line

 Consider a single phase overhead transmission line consisting of two parallel
conductors A and B spaced d metres apart in air.

« Suppose that radius of each conductor is r metres. Let their respective charge be + Q
and — Q coulombs per metre length.

The total p.d. between conductor A and neutral “infinite” plane is

d
- log &
one, 08 volts

I/;l = JLG'X-F — ax +Q -Q
ZJIXED anen
r d e
0l s
Ine, log, . log. r volts | i
| |
e d P
Q
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Similarly, p.d. between conductor B and neutral “infinite” plane is

VB:T —J dX-l—T < dx
r d

2TX € 2TX €
—_ Q |: oo m] — Q d
-~ log. — —log. — = “
2T g, e r O5e d 2T €, log, r volts

Both these potentials are w.r.t. the same neutral plane. Since the unlike charges
attract each other, the potential difference between the conductors is

_ oy, = 2V d
Vip = 2V, = Ine, log.. p volts

e
Capacitance, Cup = Q/VAB: 7 Q F/m ... Cup = Dd F/m ()
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Capacitance to Neutral

« Equation (i) gives the capacitance between the conductors of a two wire line [See Fig.A].

« Often it is desired to know the capacitance between one of the conductors and a neutral
point between them. Since potential of the mid-point between the conductors is zero, the
potential difference between each conductor and the ground or neutral is half the potential
difference between the conductors.

« Thus the capacitance to ground or capacitance to neutral for the two wire line is twice the
line-to-line capacitance (capacitance between conductors as shown in Fig.B).

A B A B

|| | | | |
Cag Can=2Cpg Cen=2Cxp

Fig.A Fig.B

[ s

Prepared by: Dr. Shakunthala C Department o R 0



e College of Engineering

Department of EEE
Emitting Elite Energy
.

Capacitance of a 3-Phase Overhead Line

In a 3-phase transmission line, the capacitance of each conductor is considered
Instead of capacitance from conductor to conductor.
Here, again two cases arise viz., symmetrical spacing and unsymmetrical spacing.

(I) Symmetrical Spacing

Fig. shows the three conductors A, B and C of the 3-phase overhead transmission
line having charges Qa, Qs and Qc per metre length respectively. Let the conductors be
equidistant (d metres) from each other. We shall find the capacitance from line conductor
to neutral in this symmetrically spaced line. Referring to Fig., overall potential difference
between conductor A and infinite neutral plane is given by ;

Prepared by: Dr. Shakunthala C Department o A
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Uy Up

I/;l - J ax + J dx + QC
2 TXE, ) 2 TXE,

d A
2 TXE, X

d

1 [ | 1 |
- I £, -QA loge ; T QB loge E T QC‘ IOge E] ‘ 0

1 [ 1 |
= 23‘; 80 -QA IOgE ; + (QB + O(') IOgE Eil d

Assuming balanced supply, we have, O, + Up+ UJ-=0

Up+ O = — Uy

1 1 1 (4 d
V, = | — — 1 — | = | =~ volt
A 2T €0 [QA OBe r Uy log, d} ZEED OBe r VOus
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Capacitance of conductor A w.r.t neutral,

2T €
C{i1 = QA— 0 Gy F/m= RE[(]], F/m
‘/;1 A lt}g lc}ge
Zneﬂ € r T
2
= ng%F/m
log , —
-

Note that this equation is identical to capacitance to neutral for two-wire line. Derived in
a similar manner, the expressions for capacitance are the same for conductors B and C.
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(i) Unsymmetrical spacing
Fig. shows a 3-phase transposed line having unsymmetrical spacing. Let us assume
balanced conditionsi.e. QA+ Qs+ Qc =0

A C B
1
2 “3

I~ ¢ B A C
A

v C 2] A

Considering all the three sections of the transposed line for phase A,

1
2Te

Potential of 1st position, V; = [QA log,. % + Qg log, ; + Q. log, glf ]
3 2

Prepared by: Dr. Shakunthala C Department o



05y

IS0 8001:2015 )

Potential of 2nd position, V, = 23_38 (QA log, —+ Up log,
0
Potential of 3rd position, V, = ZTEIEU [QA log.,. %-1— (g log, .

Average voltage on condutor A is

Ve = S({+ 1+ 1)

1
3

1 * |
_ | — + t |
= 34 2]'[80 |:QA 08, 1“3 (QB QC) 08¢

As Q4+ Up+ Q= 0, therefore, Up+ Qp=— 0,

1
V = - L
A |:QA loge 1“3 QA loge dl dZ dg}

Prepared by: Dr. Shakunthala C Department o R

1

dydyds

|



AT M E 4/ /\
- College of Engineering Dﬁ:\g Departert ofEE
d, d d,
- QA loge
bme,, r
1 o d, d d,
= =X 1
3 2mg, e T3
Q[ d d, \"
= 0 —=
2Te, Se r
Oy (dl d, d?,) 5
= log,
2me, r

o) 2T e,
C o= =4 = F/m
A V4 log \!3 dyd,d,
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TH&ANK YOU
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