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I} supply System

Basic Structure of Power System

Generation -
Station mission Sub- Primary Secondary

level trans; Distri- E i?_tri- L |10/30

132 KV, Mo bution ot Load
11kV Step | 220KV, | Step | gy | Step |33 11KV Step | 239y
and up | 400kV | down down down

33 kV

e Generating stations are interconnected by the lines.

e Transmission lines, when interconnected with each other, becomes
transmission networks.

e The combined transmission and distribution network is known as
the “power grid”.

Effect of System Voltage on Transmission of Power

e Power loss in the line is inversely proportional to the system voltage and
power factor both.

e Percentage voltage drop in resistance decreases with the increase in
the system voltage.

e Weight of the conductor material for the line will decreases with the
increase in supply voltage and power factor.

e Efficiency of transmission, increases with the increase of supply voltage
and power factor.

e Higher supply voltages also enhances the system stability.

e The problems encountered with high voltages are the insulation of the
equipment, corona, radio and television interference.

e The voltage level of a system is therefore governed by the amount of
power to be transmitted and the length of the line.

Voltage Level
230V (1-
e Lowvoltage —[: 400V ES i;

_ 11 kV
e High voltage { sa v
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e Extra high voltage: 66 kV, 132 kV, 220 kV.
e Modern EHV: 400 kV
e Ultra high voltage: 765 kV and above.

Conductor Used for Transmission Line

Copper conductor

ACSR : Aluminium conductor steel reinforced.

ACAR : Aluminium conductor alloy reinforced.

AAAC : All Aluminium alloy conductor.

Expanded ACSR conductor: Normally used for EHV lines.
AAC : All Alluminium conductors.

Types of Conductor

Solid conductor: It has high skin effect.

Hollow conductor: Preferred under heavy current, i.e., more than
1000 Amp.

Stranded conductor.

Composite standard conductor: used for voltage < 220 kV.

Bundle conductor: Used for voltage > 275 kV.

Advantage of Bundle Conductor

Self distance (GMR) increased without change in mutual distance.
Voltage gradient reduced so corona loss reduce.
It reduces the interference with nearby communication line.

Inductance (L) of transmission line reduces and capacitance (C)
increases.

Surge impedance, i.e., Z, = \/g decreases.

Power system stability increases.

Insulators / Cross arm

Over head line insulators provide the

required insulation to the line conductors ¢ T
from each other and from the supporting A 'é Loc
structures electrically. Most commonly used ~ Power T T
. . structure 1
materials are porcelain, toughened glass and c T mC
steatite, [ i
where, C— Capacitance between metal part Tmc
Line —=

of the insulator and tower structure ;
mC — Capacitance of each insulator disc.

mC>C

conductor
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M The stress experienced by the disc near the power conductor is
more than the stress experience by the disc near the cross-arm.

String Efficiency

Voltage across the whole string
nx (Voltage across the unit adjacent to line conductor)

String efficiency =

where, n— Number of insulator discs in the string

String efficiency also defined as

Flashover voltage of the string
n xflashover voltage of one string

O,

Methods of Equilising Potential Across Each Disc
¢ Increase the length of cross arm.

e (Capacitance grading or grading of units.

e Use of grading rings or static shielding.

..................................................................................

M For static shielding the capacitance from the shield to the K, link
from the top

Cy = (- n=number of disc)

Types of Insulator

¢ Pin type insulator: Pin type insulator operate satisfactory upto 25 kV.

e Multipine type insulator: Operates upto 33 kV

e Suspension type insulator: A suspension insulator is designed to
operate at 11 kV.

e Strain type insulator: Strain type insulator mechanically strong. It is
used when direction of transmission line changes across river crossing
and at the dead end of the transmission line.

e Shackle type: Shackle type insulator are used in low tension cable.
These insulator can be operated either horizontally or vertically.

n Line Parameters

Transmission line is a carrier on which bulk amount of power from a
remote generating station to the operative areas is being carried out.
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: ‘ ] E ‘ R L
Alternator Transformer | l

1

\AAJ

AAAA
—‘_v‘

C
G

Transmission line is
e series combination of resistance (R) and inductance (L) and
e Parallel combination of shunt conductance (G) and capacitance (C).

e The line parameter of transmission line is calculated in per unity or
per km and are constant for entire line length.

e The shunt conductance is caused by leakage current.

e |ntransmission line if G = 0 means leakage current is assume to be
zero.

e Power loss in the conductor is only due to series resistance.

e Power transmission capacity of the line is mainly governed by the
series inductance.

Power loss in conductor

e Resistance of a conductor, Re = 72 ohms

where, R, — Effective resistance of the conductor

* D.C. Resistance of a Conductor, R = p% ohms

where, p — Resistivity of conductor, Q-m ; / — Length of conductor,
metre ; A— Cross-sectional area, m2

M The effective resistance is equal to the dc resistance of the conductor
only if the current is uniformly distributed throughout the cross-
sectional area of the conductor (i.e. for DC only).

Skin Effect

If DC is passed in a conductor, the current density is uniform over the
cross-section of the conductor but when an alternating current flows through
a conductor, the distribution tends to become non uniform. There is a
tendency of the current to crowd near the surface of the conductor. This
phenomenon is called “skin effect”. The effective conductor resistance
increases in AC as compared to DC which causes larger power loss.
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..................................................................................

M Skin effect increases with increase in frequency, conductor diameter
and permeability.

Proximity Effect

When two or more conductors are in proximity, their electromagnetic
field interact with each other, with the result that the currentin each of them
is redistributed such that the greater current density is concentrated in that
part of the strand most remote from the interfering conductor. In each case,
areduced current rating results from the apparent increase of resistance.

Remember: [Frrrrrrrrr oo PR PR UPREPRR

M Proximity effect is more pronounced in case of cable, large conductors
and high frequencies.

Magnetic Flux Density

Biot-savart’s law
e Magnetic flux at any point produced
by a current carrying element

4m r3

where, dB— Infinitesimal flux density at point P
I— Current in element ; dl — Length of element
6 — Angle between current direction and radius vector to P
r— Radius vector ; y — Permeability of medium
e Magnetic flux density B at any point to an infinite conductor.

1

_ M
~ 2nR

where, R = Radial distance of the point from the conductor.

The direction of the flux density is normal to the plane containing
the conductor and radius vector R.

Amperes’s law , (ﬁH'dl = Loroiosed
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where, H — Magnetic field intensity
I — R.M.S. value of current enclosed by an amperian loop.

Relation Between Magnetic Flux Density and Magnetic Field Intensity
[B=pH, p=y,p,]
where, Hy — 41 X 1077 H/m = Permeability of free space

H, — Relative permeability of the medium
=1 (for non magnetic material)

Inductance

Inductance of an inductor is the ratio of its total magnetic flux linkages
to the current I through the inductor.
_NY, A

—| Henr
I I y

where, ¥ _ — Magnetic flux linkages through a single turn
N — Total number of turns ; A — Total magnetic flux linkages

Above formulae is valid for a medium in which the permeability is
constant.

..................................................................................

The permeability of ferrous medium is not constant. For such cases the
inductance is defined as the ratio of infinitesimal change in flux linkage
to the infinitesimal change in current producing it

L

e Flux linkages within the conductor : ¥y :g_l Wb-T/m
T

where, WY,

int — Totalinternal flux linkages ; /— R.M.S. value of current.

¥,y =057 x107 Wb-T/m

e |nductance of the conductor, contributed by flux within the conductor:

\Pint
1

| L, =05x107 Him| as |Ly =

e Flux linkages outside the conductor

Y., L = Whb-T/m
2n | D,

forp,=1: ¥, :2><1O‘7|n(%} WDb-T/m
1

where ¥, — Total flux linkages between points 1 and 2
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¢ Inductance of the conductor, contributed by flux between points 1 and 2:

Ly, =2x107" In(% H/m

4

’

e Inductance of a single phase two wire line: | L =4x107" |n(D) H/m

where, D — Distance between two solid conductors of same radii r
r" — Radius of fictitious conductor =0.7788r

Inductance of Composite Conductor Lines

Conductor M consists of m similar parallel sub-conductors and conductor
N consists of n similar parallel sub-conductors.

b b
° , o @
3 * ¢ * 3
°
% o o
S———— S——
Conductor Conductor
M N

(Single phase line having composite conductors)
If line currentis 1, then each strand of conductor M carries a current I/m
and each strand of conductor N carries a current of —I/n (the conductor N
being the return conductor).

[ (DagDaty - Dan ) (DperDppy - Do) (Drg Dty D) |

[(Daa DabDam) (Dpa Dipy --Dom)- (Do Doty D) ]
where, L;,— inductance of conductor M

GI\/IDJ
GMR

..................................................................................

e  GMD = mn™ root of the product of mn distances (known as the
geometric mean distance between conductor M and conductor N
and denoted by D, ).

¢ GMR = (m?) root of the product of m? distances these being the
distances from each sub-conductor of conductor M to every other
sub-conductor of conductor M(including D,,,, D,,....D,. ).

¢ GMR = Geometric mean radius (denoted by D), which depends on
radius of conductors and does not effected by unequal spacing of
conductors.

e D, =0.7788times the radius of sub-conductor ‘a’.

1/mn

_ -7
Lyy=2%x10""x/n o=

H/m

L=2x10"" In(
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Inductance of 3-¢ Line With Equivalent Spacing.
Assuming balanced currents, i.e., (I, + I, + 1= 0)

D

7

L,=2x10" In( J H/m

where, L, — Inductance of phase
D — Distance between any two phases
r — 0.7788r=Radius of fictitious conductor
— 0.7788 times the radius of conductor
L,— L,=L, (Because of symmetry)

Inductance of 3-¢ line with unsymmetrical spacing Ds
In this case the lines are transposed.

Transposition of transmission line 1 D, 2

e Whenever 30 unsymmetrical line running parallel and neighbour to
the communication line it cause interference in the communication
line.

e Inorder to eliminate the communication interference transposition
of line is recommended.

e (Change the position of power conductor at regular interval with
equidistance for a given line length, so that the position of power
conductor is replaced by its successive phase conductor.

B Y
R
R B
Y
Y R
B
| i3 I I3 I i3 |

Advantages of Transposition

e Netresultant flux ¢, which link with communication line become zero.
e GMD/phase equal.

e | /phaseequal.

e |/phaseequal.

e Flux per phase equal.

M Transposition of transmission line is an old technique. The radio
interference is eliminated by completely insulating any one of the
phases.
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Inductance of Phase-1

D
L :2><1O‘7In£ qu H/m

where, L, —inductance of phase 1
D.,— YD1,D53D5; = Equivalent spacing
= Geometric mean of the distance of the line.

Inductance of Bundled Conductor Lines
e For a two conductor (duplex) arrangement

Db = 4D, a? = D, d d

e For a three conductor (tripex) arrangement

d d
Dg = 53/([)5.61.61)3 = %/Ds.d2
e For a four-conductor (quadruplex) arrangement d
D% = YD, -d-d-a2)*
d d

1.09x 4D, - &

where, Dé? = Geometric mean radius of bundled conductor d

D, = Geometric mean radius of each sub-conductor of bundle
d = Spacing between the sub-conductors of a bundle

..................................................................................

M Inductance of bundled conductor line is less than the inductance of
the line with one conductor per phase.

M GMD depends only on the distance between the conductors and is
independent of radius of conductors.

f«—h—> fe— h—>| f«— h —
Section-I Section-II Section-llI

Inductance per phase per metre length

16 1/3
21/6(2,) (ﬂ) } H/phase/m
r n

L=2%x10""In
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Mutual Inductance

Mutual inductance is defined as the flux linkages of one circuit due to

the current in the second circuit per-ampere of current in the second circuit.
If the current 1, produces A, flux linkages with circuit 1. The mutual
inductance is

;\’12

M —3
12 12

Henry

Electrical Field and Potential Difference

The lines of electric flux originate on the positive charges on one conductor
and terminate on the negative charges on the other conductor.

If a long straight cylindrical conductor has a uniform charge throughout
its length and is isolated from other charges.

Electric field intensity £ at any point, Vim

E — q
2mE x

g— Charge on conductor per unitlength

€ — Permittivity of the medium

x — Distance from conductor to the point under consideration.

The potential difference between two points

where,

a
_q D Y
V In Volts p_ -“T~_
v " one LDx] I
where, D, D — Distance of point x and y from m,__/_ _________ i____D______\_:_,b
charge g B\ e
g — Charge per unitlength o \\i/”Dbc
The potential difference between two c

(An array of m

conductor of an array of parallel conductors charged conductors)

1 D
V - +Q,, In=m
@~ 2ne |:qa a ba ca qm Dma :|
Capacitance
Capacitance of Two Wire Line
+q -q
e ae e b

Cab = F/m

where, C, — Line toline capacitance

g — Charge per unit length; r— Radius of conductor aand b

If the conductor have different radii ,

where, r,,

r,—Radius of conductor ‘a’ and conductor ‘b’ respectively.
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Line to neutral capacitance

‘Can:CbHZQCab‘ ao—|(—obzao—|(—’.’—)|—ob
Cbn

Cab Can

Charging Current

e The current caused by the alternate charging and discharging of the line
due to alternating voltage is called charging current of the line.

M Charging current flows in a line even when the line is open circuited
and affects the voltage drop, efficiency and power factor of the line.

Charging Current for 1-¢ line
Ic = joC,, V,, AIm/Phase
where, 'V, — Potential difference between conductor aand neutral
w— Frequency of alternating voltage

Capacitance of 3-¢ line with equilateral spacing

002412 | e o c

where, C — Line to neutral capacitance ; D — Spacing between
conductors ; r— Radius of each conductor

Charging current per phase, 1. = joC,V,,

C,=

Capacitance of 3-¢ line with asymmetrical spacing

2n e / .
uF/km Dyp .~ \

D P \5\’23
In| =4 - N
r B

Capacitance of bundled conductor lines
C, = 2m €

D
In[ qu
DSC
Self GMD of Bundle Conductors
e Foratwo conductor bundle, Dgc = Jrd

e For athree conductor bundle, DY, = Yrxdxd)P =Jrd?
e For afour conductor bundle, D2 = §(rx dx dx v2a)* =1.00¢rd®

G =

pF/km
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Effect of Ground on Line Capacitance (Method of Images)

The presence of ground alters the electric field of a line and hence affect
the line capacitance.

For 1-¢ line:
e——D—

e a ® TE
A3 = — —
9, =+g W="9 Cab = F/m
H
VA +D?
T T TV Ground | D
\ N ————¢
N 5 \05
H D
N rni+——s
a’ a b’ 4H
] , @
9. =—q 9% =*q
where, H— Height of conductor from ground
2ne _ , DY?
CEHZZCQ :—D F/m, r'=r, 1+ ﬁ
In(r,)
A3
Diy .-~ i
LT P
L---®2
1%>°D, /:H :H
Hii S /HMe  1Hs ome
For 3-¢ line 7rmimmtamimmmmmmmm. C,, =
1,"‘:’”12 Ny n Deq n YHioHogHa4
SITT-e 1 - T
Tl N r JHiHoHs
\\\\.'3,
Conductors of a 3-phase line with
image charges
where, H,, H,, Hy, and H,,, H,5, H,, are shown in figure.

C, is in uF/km.
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