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Capacitance of Transmission Line:

The capacitance between the conductors is the charge per unit of potential difference.
c=2 F/m
V

+» Capacitance between parallel conductors is a constant depending on the size and spacing of
the conductors.

¢ For the length of transmission line less than 80 Km, the effect of capacitance is usually
neglected.

% For longer lines the capacitance becomes increasingly important and has to be accounted
for.

+ The line capacitance draws a leading sinusoidal current called the charging current which is
drawn even when the line is open circuited at the far end.

++ Charging current effects the voltage drop along the line, efficiency, power factor and

stability of the power system.

v Gauss theorem states that at any instant of time, the total electric flux through any
closed surface (A) is equal to the total charge enclosed by that surface.

D = 9 coulomb | m*
27TXx

Where

g - Charge on the conductor coulomb /m

x - distance, from the conductor to the point where the electric flux density is computed.
D - The electric flux density.

The electric flux density

The electric field intensity = 1y, permittivity of the medium

= 2T xE

Where & - actual permittivity of material .
e, = &/ &,

»>

&, - relative permittivity ; €0 - permittivity of free space

where &g is the permittivity of free space and is equal to 8.85 x 1012 F/m.
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equipotential surface

\I\W

The potential difference between cylinders from position D; to D5 is defined as

the work done in moving a unit charge of one coulomb from D5 to I, through the
electric field produced by the charge on the conductor. This is given by

DE
V, = J.de
D,
D,
= ’[de -9 D, volts
b 2mxe 2re ,

¢ This is the instantaneous voltage drop between P1 and P2.

Capacitance of a two wire line :

qi:;r Qb
5 D l
From equation.
D
. S Pt E N 17
Vv 12 2T e D 1
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D
v, due to q, = Ta_ volt
2 e r,
And voltage due to g, , calculated by :
D
V,, = o 10 == volt
2 e r,
Vab = " Vi
-1
D D
vV, = — 7o _1n = I _n| =
2 e v 2 e I
r
v due to q, = Do 1n 2 yolt
2 e D

¢+ By the principle of superposition the voltage drop from conductor (a) to conductor (b) due
to charges on both conductors is the sum of the voltage drop caused by each charge alone.

Vab= Vap(ga) + Van(gh)

1 D r,
v, = q,In —+ q, In = | volt
2re v, D
For two-wire line 9a=- 4» , so that :
2
D’ D
oy = Ta_ 1n = 9a g 2
2 e v, ry, % N
.1 Dyx Dy
F_'”- o 2me [q In D_-._'.x 7 In D."L_I']
o D_r_'-. D_'I._I.'

= 1
2me - | I S D_I.'_I.'
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= 4a IH{L] volts
e NI
Cu= 9a _ e Farads | meter
vab D
In| —(——
[ \/ rare’i )
If Y« =% =7 (radius of two conductors are same )
C = e F /m
)
In| —
r
Coulomb's constant |k = 1/4meg
eo=$
1
If,e =1,and ¢, = s F/m
4 x9x10
10
C_, = D F/m
36 In [)
r
1
= 5 ukF | Km
36 In —
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+» The line-to-line capacitance is equivalently considered as two equal capacitances is sense.

¢ The voltage across the lines divides equally between the capacitances such that the neutral
point n is at the ground potential.

b
O
a n b
o —®

an n

Cab - capacitance between conductors (a) and (b) .
Ca n - capacitance between conductor (a) and neutral .
Cb n - capacitance between conductor (b) and neutral .

Can=Cbn=Cn=2Cab

1 |
Cﬂ = 2}( =
36 lﬂ2 18 11'1g
¥V ¥
0.0555
C, = UF | Km

D

In —
V

The associated line charging current is

Ip=jo CpVy; Afkm
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¢+ Capacitive reactance between one conductor and neutral is :

X =1
27f C,

Potential difference between two conductors of a group of charged conductors

¢ The voltage drop between the two conductors is the sum of the voltage drops
due to each charged conductor.
¢ The voltage drop between (a) to (b):

When k = i, Dj; is the distance between the surface of the conductor and its center,
namely its radius 7.

Dah DLF}
q,In + g, In In + ...
]- ra by Dr_'a
= volts
2?1-8 Dm.‘;
. +gq, In=m
In similar manner :
g, In “—+ g, In be + g In e 4.
1 ra P o
v, = volts
2re D, .
______ + g, In
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Capacitance of three — phase line:
a- Equilateral spacing :

By using the equation

D r D
In —<& 4 In —2—+ g In — 4+ ...
Qr_’j - qlﬁ D QL D

volts

L ( D, T DY
= — n— n—+gq, In—
2?:'.5‘\% r L D fi.ﬂ-’ )
1 ( D D' r)
=—o|¢q,In—+¢q,In+—+¢g_ In—
2me \ r /D D)

vub

ac

1 D r
+v =—|2g In—+ +q )In—
ah prrs 2}’I'E [ qa r (qh qc ) D J

Volts

But 9»179. = 4,

1 D r
v, +v =——|2g In——¢q In—
ah e [ qﬂ' r qa D]

2re y In[a/b] = In [a/b] Ny

[ pwm(PY —pm Z =t (2
2 we 9a v 9a D 2me Da r

= &ln 2 volts

2me r
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Phasor diagram of voltages Vs > Vic andv,,

v, =1[v,[£30°
vﬂ'f} o

=V, cos 30
2

v =3V, Z30°

ac

NG

= Vﬂ'ﬂ

vah

V==V =3V, /=30°

an

V3,

vo+v. =3V, /30" +3V, /-30°

:x@Vm x 2 x cos 30° :\/ng x /3

= 3 VIHT

to neutral

Wao
Wae + Voo = 2 '3 cos 307 VW,
=AW
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C - 1 .= 0.0555 UF | Km
18 In — In —
r r

as in the case of single-phase lines.

b) Unsymmetrical spacing but transposed:

Ga

f" Do
Dy3
g 13'23

1

'fIb

A D
= { In +q.In—=
Dlz D31
¥
—2 +qg,In—+ g_In——3L
[ D23 12
Vi = 11'1 +q, In— + g.In —= D,
2?1'8 r D, D, |
v = Vap1 T Vagz + Vaps
i D, D,.D 3 ]
qﬂ]l‘l 12 ‘33 3]+th]fl +
- 1 r D\, D,, Dy
ah
6re rq In DIEDELQB{'
-
N 12 23D31
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v, = L qa \/DIED?BDEI +q, In F
2ES r 3\/D12D23D3]
If, Deq = 'VDJQDBDM OR == GMD = ¥/D15Ds3 D13
Vab L q,l s In—— 1 GMD
‘ 2?.?8 ‘ r D, 30R V=5 (qan - +Gb1ﬂa“@)
. | L q 111D—+ q. In—
Similarly, “ 2;;5 Yoo D, 30R Ve = %183 (Qa, In GJ:ID +gIn E‘ﬁE)

As in section (a):

vuf} vm_' = 3 Varr Hnd qlﬁ + q-r_' = _QH
1 D,
an - A~ 2 X q'ﬂ q ln L
3x2ne r D,
1 D
vﬂﬂ S Q{.' 7[? ln L
3x2re re D,
3
1
e In —=
M 3Ix2me 1o r3
V. = 9a In—%~  volts

an

2me 2
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2
anf“ = ;»‘;5' Flm (= G 2mep Fin
an ln eq Vﬂﬂ h] GMD
r =2 0OR
1 0.0555
Cn = D = DE #F/Km C . {]-0556 kam
In— =~ I GMD K
r r =>0R r

This is of the same form as the expression for the capacitance of one phase of
a single-phase line. GMD (geometric mean distance) is the equivalent conductor

spacing. For the above three-phase line this is the cube root of the product of the
three-phase spacings.
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