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1. Main parts of over head T .L.

Insulator

/ Conductor

Tower

Safety
distance

Ground
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Hard —drawn copper conductors .
Aluminum- core steel—rein forced (ACSR).
For rural electrification , all — aluminum conductors are used.

Steel wires are used as earthing wires for over head T. L.

Resistance ( R “ohm” ).
Inductance ( L “hennery” ) & corresponding X,.

Capacitance (C “ farad * ) & corresponding X..
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R=pL/A Q .
Where : N E— 1- A
R: resistance of T.L (Q )

P : resistivity of T.L conductor ((Q .m )

L : length of T.L (m)

A : cross —section area ( m?)

For hard —drawn conductors : p =1.724 *10 -8 Q.m at 20 °C
For all — aluminum conductors : p =2.860 *10 - Q.m at 20 °C

October 16 Dr : Mohamed Ahmed Ebrahim



The resistance of T.L increases with Temperature

The rise in resistance depends on the Temperature coefficient of conductor
material (a ).

R, Vo, +t, P
R: Ve, +t
Where : +ve. temp. Coef.
R,, :Resistance of T .L att, (Q) ‘
R,; :Resistance of T .L at t, (Q) Temperature
a, :Temperature coefficient at 0 °C  (1/°C)
T,  :First temperature (°C)
T, :Second temperature (°C)
For hard — drawn copper o, = 0.0041 / C
For aluminum o, = 0.0038 / C
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when alternating current is passing through conductors, there is an unequal
distribution of current in any cross — section of the conductor, the current
density at the surface being higher than the current density at the center of the
conductor . this causes larger power loss for a given r.m.s alternating current
than the loss when the same value of DC is flowing in the conductor.

ch > Rdc

Average power losses

Rac -

2
| ms

Skin effect ratio = R &
dc

Permeability (Type of material).

Area of cross section of the conductor.

Frequency of the supply.
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Inductance of overhead transmission line depends on:
Size of conductor.
Distance between conductors.

Material of conductors.
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A a7 Pl
= 1=10"QIn—+=
L= 7 (2In—=+72) H/m

L. =L, +L,=2L, ( Two identical conductors)
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10’ an 2 1 #
L=170 (Inr+2,uo)
L permeability
Ly . relative permeability
X, =24t Q
D 1 D 1

A=10"12In=+>)=2*10"1(In—=+5)
r 2 r 4
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D

re—0.25

A=2*10"11In

Where:

-.0

r e “923; geometric mean radius ( GMR )

or self — geometric mean distance.

D : distance bet. Two conductors

or mutual distance between two conductors
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A, =107 [a +2Ia(ln%—ln i
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4 =107 X 421 (In 2 Deny)
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When X approaches infinity,

Dax — Dbx — — Dn—l :1

an an an
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Since, —INA=In(A)™ =In 1

A
A =102 y21 nti2n It
2 Ho r Dab
+...+21 . 1In -
Dan—l

+2InD_ (1, +1,+...+1_ )]
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General Expression for Inductance of Two Parallel
Conductors of Irregular Cross-Section
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The linkages about the small element | can be obtained by,

A =2*10"" *(i)(%+ Ini+ In 1
* N

1 D12

+ In

+ ...
13

1
—1In
Dln Dla

1

+ In

...—In
1B 1n

Similarly, A,,A,,.....,A, can be obtained
ﬂtotalzﬂl+ﬂ“2+;l3+ """ +;I’n
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. 1 1 1/D, D,
sinceln— —In— =1n = |n—=
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If n is taken as infinity, the ’rermiis negligible and

approaches to zero, thus,

4n

21=2%10"11n \/DlADlB """ D1nD2ADzB D2n
/6D, ..Dy LDy, D, r.
- D
A=2*10"1In—-—  Hm
Ds
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D, : (Geometric mean distance) “GMD" : is the distance between the one
conductor in coil side and the other conductors in the other coil side.

Ds : (self — geo metric mean distance) “SGMD* or (Geometric mean radius
)’GMR” is the distance between the one conductor in coil side and the other
conductors in the same coil side
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Using general expression

D =D
—0.25
D, =re
L=L, +L
October 16

A
A 4

/ r r \ A
Dab ay D 4
Eb N ry y y
H/m (For both conductors )
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using general expression

L —2%10 7 In2n  Him
D

S

For identical conductors, I, =L = =, =T
2*2

I:)m = \/Dax'Day 'Dbx'Dby

Where;

Day = \/(Dax)2 + (ny)2
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__(2)? _
Ds = )\/ra'Dab'rb'Dba o \/raDabrbDba

e =0h =171 Dab:Dba
Note:r, =re”?° D, =./rD,,
If D,,=D,,, then Dy of the conductors on the

left hand side as well as on the right hand
side Is equal.
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With Our Best Wishes
Transmission and Distribution of Electrical Power

Course Staff
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