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BASIC CONCEPTS

What 1s an Electric Power System?

“An electrical power system 1s a network of electrical component deployed
to generate, transfer and use electric power.”

OR

“An electric power system or clectric grid 1s known as a large network of
power generating plants which connected to the consumer loads.

The main task of Power System:

» Generation of Electricity
* Conventional and Non-Conventional Energy sources
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STRUCTURE OF POWER SYSTEM

* Generation ,transmission and distribution system are the main
components of Electric Power System.

Basic Structure of the Electric System
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WORKING OF AC POWER SYSTEM
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BRIEF DESCRIPTION

Generation or Generating station
he place where electric power produced by the parallel connected three phase alternators/generators is called Generating Station (i.c. power
lant).
'he maximum number of generators generate the power at voltage level around 11kV-33kV. The increased voltage level leads to greater size of
enerator required and hence the cost involved.
he generator and the transformer are the main components of the generating station. The generator converts the mechanical energy into electrical
nergy.
he transformer transfers the power with very high efficiency from one level to another. But economically, it is good to step up the produced voltage
> 132kV, 220kV or 400kV or more by Step up transformer (power Transformer) which will reduce losses in the line and makes the transmission of
ower over long distances.
erating stations employed mainly all over the world are as follows:
hermal power plant
[ydel power plant(Hydro-electric)
luclear power plant

iesel power plant

ras power plant ﬁ%&ﬂ\
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Transmission System

‘he electric supply (in 132KV, 220 kV, 400kV or greater) is transmitted to load center by three phase three wire (3
’hase — 3 Wires also known as Delta connection) overhead transmission system.

t transports the energy from generating stations to bulk receiving stations.

t also interconnects the two or more generating stations. The neighbouring substations are also interconnectec

hrough the transmission lines.

Sub-Transmission System

‘he portion of the transmission system that connects the receiving substations through the step-down transformer tc
he distribution substations is called the sub-transmission system.
\t receiving station, the level of voltage reduced by step-down transformers up to 132KkV, 66 or 33 KV, anc

lec” ~ ‘ransferred by three phase three wire (W — 3 Wires) overhead system to different sub stations.

F n system has a higher voltage level\than/ distribution system and it supplies only bigger loads.
d
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Distribution System

component of an electrical power system connecting all the consumers in an area to the bulk power sources is called a distribution
m.

ary Distribution System

t a sub station, the level of secondary transmission voltage (132kV, 66 or 33 kV) reduced to 11kV by step down transforms.
ectric supply 1s provided to those heavy load consumer (commercial power supply for industries) where the demands is 11 kV.

1ese substations deliver power to smaller units called ‘Feeders’. This is done by either ‘Overhead lines’ or ‘Underground cables’
ndary Distribution System

lectric power is transferred by (from primary distribution line i.e.11kV) to distribution sub station is known as secondar
stribution.

11s sub station is located near by domestic & consumers areas where the level of voltage reduced to 400V by step dow
ansformers.

1ese transformers called Distribution transformers, three phase four wire system (3 Phase — 4 Wires also known as Sta

nnection). So there is 400 Volts (Three Phase Supply System) between any two phases and 230 Volts (Single Phase Supply

N\
\;ﬁ/
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ELECTRIC SUPPLY SYSTEM
* The electric supply system can be broadly classified mnto:

» AC and DC System
» Overhead and Underground System

* Electric power can be transmitted in both AC and DC for short and long
transmission and distribution systems.

AC Transmission

Generation, transmission and distribution of electric power has mostly been
carried out in AC.

Advantage:

1. The level of AC voltage may be increased or decreased by using step up
and Step down transformers.

2. Maintenance of AC substation 1s easier and cheaper than DC substation.
3. AC Circuit breakers are cheaper é}i\a@ DC Circuit breakers.

\,
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isadvantages:
An AC line requires more copper than DC line

Due to skin effect, effective resistance of line 1s increased and hence the
losses 1n AC system are more.

Due to the capacitance in AC transmission lines, a continuous power loss
occurs because of charging current.

There are some additional line losses due to inductance.

More 1nsulation are required in AC transmission system.

The corona losses occur in an AC transmission line system.

There are stability and synchronizing problems in AC System.

The cost of AC transmission lines 1s greater than DC Transmission lines.

W
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C Transmission
e electric power transmission was done in DC due to the following advantages over AC :
lvantage:

Two conductors are used in DC transmission while three conductors are required in AC
transmission.

Due to the absence of inductance, there are very low voltage drop in
DC transmission lines and no surge problem.

There is no concept of Skin effect in DC transmission lines.

Less corona loss and no interference with communication lines.
There is no stability and synchronising difficulties.

DC system is more efficient than AC, therefore, the rate of price of Towers, Poles,
Insulators, and conductor are low so the system is economical.

sadvantages:
Electric power cannot be generated at high DC voltage due to commutation problem.
There is a limitation of DC switches and C|rcu|t breakers.

I+ ramnA + ha step up for transmission. /

T TATTA HMERNT ST T TR
DEPUTY REGISTRAR OF COPYRIGH




OVERHEAD AND UNDERGROUND TRANSMISSION
Point______|UndergroundSystem __|OverheadSystem __

c Safety

| Cost

bility

<ing Voltage

- location and repair

age due to lightning and
derstrom

ference with Communication
m

uency of accident

uency of fault

>2drance

It is more safe
It is more expensive
It is not flexible

It can work upto 66kV due to insulation problem

Difficult to locate the fault and repair is difficult
and expensive.

More chances of being subjected to lightining
No interference

Less chances of accident
Very rare chances of fault
It appears good as wires, are not visible

Less spacing bet eej%{;n uctors, inductance is
low therefore voltage drop is low

Less spacing between conductors, more
capacitance ,therefore” Hi'gf'i*bh%rg}-ih"g“éurr%n :
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It is less safe
It is less expensive
It is flexible

It can work upto 400 kV or high
voltage

Fault can be easily located and «
be easily repair

Free from interruption

It interfere with communication
system

More chances of accident
Fault occurs frequently.

It gives shabby look



ADVANTAGES OF HIGH VOLTAGE TRANSMISSION

llowing are the advantages of high voltage transmission:
Reduces volume of conductor material:
nsider the transmission of electric power by a three-phase line.
t P = power transmitted in watts , V = line voltage in volts, cos ® = power factor of the load,
| = length of the line in metres, R = resistance per conductor in ohms, p = resistivity of

conductor material, a = area of cross-section of conductor

P - l
ad current [=———— , Resistance/conductor = 2
V3Vcosd a
2 P?pl . P?pl
tal Power loss W= 3[“R =———— , Area of cross section a=
v2cos?da Wv2cos2¢p

WvZ2cos2¢p

. . . PZ l
tal volume of material required is = 3al =3( D )1
. ':g:: ¥ cly proportional to the square ofitraSmi

is r'~~ S~ ~hHove expression that for given Valﬁy [, p and W, the volume of conductor material
sm

ssion voltage and power factor. In other words,

A

C g '.,:;-':-' ¥ insmission voltage, the lesser stheconductormaterialrequired.
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2. Increases transmission etficiency

Input Power = P + Total loss
P?pl
P+ 2
VZ2cos?pa

Assuming J to be current density

=1/)
P%pl] 1 P?%pl] +/3Vcosd
Input Power = P V2052 1 P V20529 P

Transmission Efficiency = Output Power/Input Power

_ V3plJ
[1 Vcosq)] Approx.

As J, p and | are constants, therefor¢, ¢transmission efficiency increases
i line voltage i1s 1ncreasid /
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3. Decreases percentage line drop

Line Drop=/7/xR = Ix prU

% line drop = p7” X 100

As J, p and | are constants, therefore, percentage line drop decreases when the transmission voltage

Increases.

Hence 1t 1s advisable to use the highest possible voltage for transmission of power in a bid to save

conductor material. However, it must be realised that high transmission voltage results in

* the increased cost of insulating the conductors

* the increased cost of transformers, switchgear and other terminal apparatus.

Therefore, there 1s a limit to the higher transmlssmn Voltage which can be economically employed in

¢~~~ -~ -ase. ﬁ:/
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PER UNIT SYSTEM

» The per unit(PU) system is used to analyse the three phase power system network.

» As you know that the entire power system network is all about the analysis of faults and stability

that occurred through out from the generation and transmission to distribution.
» It involves the different voltage levels through out the system because of transformers.
» So it could be so inconvenient for any one to deal with ever changing voltage levels

» So to analyse this complex system to a common frame of reference, we need to convert different

parameters of this system such as voltage, currégnf, on a common reference which can be referred as

00t i ] Itage and hence the system is ca{le@%/unit(PU) system.

d
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DEFINITION AND FORMUL A

r unit 1S a scaling system to make calculation process in analysing an electrical network system easier, beca
antities expressed as per-unit do not change when they are referred from one side of a transformer to the other.
wer system quantities such as current, voltage, impedance and power are often expressed in per unit values.

r unit system is the ratio between the actual value in any unit and the base or reference value in the same unit.

Actual value of quantity(in any quantity)

er unit value of any quantity = o :
P f V4 Y base or reference value of quantity(in same unit)

customary to select two base quantities to define a given per unit system. The ones usually
‘ted are voltage and power.

..... The rating of equipment in a power system are given in terms of operating voltage and

ity in kVA. \Q
v
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FORMULA

Let:

V,, = base voltage (rated voltage)

kVA, = base kilo volt ampere (rated power)

Actual voltage Vactual

therefore V, , =

Basevoltage V|,
Base Current |, _KVA,
Vb
: _ Actual Current _ Actual CurrentX V
Per unit value of current |, ,=———————= KVA,

Base voltage _ Vb2
Base current kVA,

Base Impedance Z, =

Actual ImQP

. te of impedance Z,,, = BaSE‘KmWCE

I OATTA HTUFRHT 9T
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. . Actual Impedance
Per unit value of impedance Z,,, = P

kVA,
V.2

Base Impedance

Z,,=72(Q) X

OR

B MVA,
Z,,=2(Q)X

(kv,)?

When MVA, 1s changed from MVA,(old) to MVA,(N) and kV,, (old) to kV,(N) then the new p.u.
impedance will be
MVA(O)

Zpu (0) = Z(Q) X m e (1)
Z,.(N)=Z(Q) X l\gﬁﬁ) .................................. (2)

Divide equation (2) by (1)

S
MVA,(N) X kv, (O)X ﬁf/

MVA,(0) * (kv, (NDZ‘K\
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ADVANTAGES OF P.U. REPRESENTATION

» While performing calculations, referring quantities from one side of the transformer to the
other side serious errors may be committed. This can be avoided by using per unit system.

» Voltages, currents and impedances expressed in per unit do not change when they are
referred from one side of transformer to the other side. This is a great advantage.

» For transformers the p.u. of impedances are same for primary and secondary sides.

» Transformer connections do not affect the per unit values.

» Manufacturers usually specify the impedances of machines and transformers in per unit or
percent of name plate ratings.

»Reduced calculations in three-phase systems.

» More usefully for digital computation.

X /
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STEPS TO SOLVE PER UNIT NUMERICAL

. Choose an appropriate common MVA, for the system.
It 1s selected on following basis:
Either it is specified in the numerical OR
Take generator MVA as base value OR
Take max MVA of the given system or take any round figure.
. Choose an approximate reference kV,, for the system .Consider the system to be divided into number of
>ctions by transformer. Choose an appropriate kV for one section .Calculate the kV, of all section with
1¢ help of transformation ratio.
. Calculate per unit values of voltages and impedances in each section and connect them as per topology
f single line diagram. The result is single phase per unit impedance diagram or reactance diagram.
. MVA, will be same for whole section i1.e. for ge rator ,transformer, transmission line and load and

according to power system ﬁ(/

5 .. [de;
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STEPS TO FIND kV, FOR EACH SECTION

Case | : Generator rating is selected as base value Case lll : Selecting motor rating as base value
— er L TReX Vs ax vy T8 XV1/|V2*|‘_kaXV1/V2*. ‘_| Vo =
— | =a |
l =a l Dla D

C N Q | | Q)
N | | M D, D,
S | _)l% T _),LT | Q) S T = |
G s |12 V.V, V.V,

Vi/V; Vi/V;

,‘l'-: 0 '-i-_”__. ‘H.'!-:'-‘-':': .41..:'11_:. -L""”-I".!
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STEPS TO DRAW IMPEDANCE DIAGRAM

—®

@ D) DI
) C TL ) C
G T T,
Load A

@
—®

> Load B

Step I: The generator and motor are represented as voltage source with series resistance and

inductive reactance .

Step 2: Transformers are represented with series resistance and inductive reactance

Step 3 : Transmission line is represented by sciues resistance and inductive reactance

s oad A and B are represented b;}\seri s resistance and inductive reactance.

g gataA wiuwr gfafacmften
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PROBLEMS

1. Draw pu reactance diagram and assume generator rating as base values?

25kV x 220/33 166.67kV x 11/220

<— kV,, = 25kV ’I - =166.67 KV —™ *+—  =8.33 kV —
| I |
o3 3E——@
‘ _)IL TL = 800Q _)IL ‘
40 MVA 1 T4 1 To 30 MVA
25kV 220/11kV
40 MVA X=12 % X=25 %

X=15 %
Step 1: Selecting Generator rating as base value

MVA,= 40 MVA , KV, =25kV
KV, for transmission line =25 x 220/33 = 166.67 kV
KV, for motor side = 166.67 x 11/220 = 8.33 kV

Step 2: pu value of reactance on generator side

_ MVA,(N) G, ((kv, (0)°
Xgp.u'(N) o Xgp.u. (O) X MV Ab(wvb (N))?

Xg, o (N)= 0.2 p.u. A\,

I garTa HiUEr gfaieoiR
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p.u. value of reactance for T,

Xripa=0.15x 2 x (33)2 =0.1742 p.u.

OR

40 ( 220

X =0.15x—x
Tlp.u 60 \166.67

p.u. value of reactance for TL

MVA,
(kV,)?

)2 =0.1742 p.u.

Xoun =X () X

Xrrpa =800 X =1.1519 p.u.

(166 67)2
p.u. value of reactance for T2

X12pu=0. 12x ( 220 )2 =(0.167 p.u.

166.67
5 ::';:; Y (g X (%)2 =0.167 p.u. \\;\; /
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p.u. value of reactance for Motor

B 40 (1252 _
Xipu= 0.25 x 20 (—8.33 =0.75 p.u.

Reactance Diagram:

X1 S X2

Y Y LYY\

0.1742 1.1519  0.167

Xg=0.2 p.u Xm=0.75 p.u

Eg @

™
v
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). Draw reactance diagram for given power system .Choose 30 MVA and 33kV as base value for
ransmission line

33KV x 6.2/33 =
«—33kV X 11/33—» +— kV,=33KV —> <«— g9y
=11kV | ' G 15 VA
— ) 2 66KV
G @ ‘ T|(_ j C_ X=120Q
‘ _)L TL=20.50Q _)L @
300 MVA | T, ' Tz %
10.5kV 33/6.2kV 25 MVA
=1 60 11/33KV 15 MVA 6.6kV
15 MVA =16 0 on X=0.56 Q
X=15.2 Q on HV side
HV side

Selecting Transmission line rating rating as base value

MVA,=30 MVA | KV, =33kV

Step 1: KV, for Generator (G,) side=33 x 11/33=11kV
KV, for Generator (G, and G, ) side =33 x 6. 2/33 6.2 kV

DB*“/
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p 2: pu value of reactance of generator G,
Xg jpu- = 1.6 x30/(11)>=0.396 p.u.

pu value of reactance of transformer T
Xrpu =15.2x30/(33)°=0.418 p.u.

hy 337 ...... because X=15.2 on HV side so we have to take KV, from

/ side.

p.u. value of reactance of TL
30 |
Xrrpa = 20. 337 0.564 p.u.

p.u. value of reactance of T2
30
Xiopu= 33 0.44 p.u.

pu value of reactance of generator G,
=0.936 p.u.

(6 -2)

—O437pu

> of reactance of generator G, \ ﬁ/
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6. For the power system shown below determine generator voltage. Select

generator rating as base value.
<«+— 15kV X 220/16= —>»

- kVp=15kV — 220 KV 10KV
I
75% ‘ _)l% TL=1000 — ™ Resistive
I 11
15Ky load 500Q
0.75 p.u. 15/220kV
50 MVA
0.1 p.u.
Step 1: Selecting generator rating as base value
MVA,=75 MVA

KV, =15kV
kVDb for transmission line and load is 220kV

Step 2 : p.u. value of reactance
_ 75 15\2 _ :
Xrpu=0.1X 22 X (1—?)2 =7 0.15p.u.

X = 100:)4;(2;3)2 =j0.1549 pu._\¢
e (223)2 =j0.7747 p.u. \ ﬁ:\/

I grTA AU gfaiecmieEr
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| I Per unit value of voltage Vp.u = actual value / base valu
Xg1 § = 210/220 = 0.9545
210/220 § _
@ — 0.954 Rp.u=0.7747

| p.u. = Vp.u./ Rp.u. =0.9545/0.7747 = 1.23 p.u.

|

Applying KVL in the loop

Egip.u = P-U.[RP.U +j(Xg+X7 +Xr) ]
= 1.23 [0.7747 +j (0.75+ 0.15+0.1544)]
=0.9528 +j 1.297

=1.609 /53.73

- N0
E _ ... 15x1.609
i _" - ' =24.135 kV \bﬂ/

oy gais wifterrd ofafacmften
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A 50 MVA,15kV,3-ph generator has sub-transient reactance of 0.2 p.u. The generator supplies the two
otors over a transmission line having transformers at both end. The motor has rated input of 30 MVA and
) MVA both 30kV with 0.15 p.u. subtransient reactance. The rating of sending end transformer T1 1s 50
VA ,11/132kV,A/Y with leakage reactance of 0.1 pu. The transformer T2 at receiving end has three
1gle phase unit .The rating of each individual transformer is 20 MVA,76/33 kV with leakage reactance
0.12 p.u. connected as Y/ A. Series impedance of a line 1s (25+)75)Q. Draw impedance diagram. Select
nerator rating as base value.

the motor have input of 24 MW and 16 MW respectively at 30 kV and both operated at unity power
ctor ,find the voltage at the terminal of generator.

180kV X 33/131.63
- kV,=15kV & <«— 15kV X132/ 11 =» <+— =45.12 kV -

| 180 kV | M 30 MVA
4( ) 1 30kV
_) (_ TL = (25+j75) Q _) @
50 MVA | T4 | T, M2
1ok 11/132kV 76133 kV 220“%"
0.2p.u 20 MVA
50 MVA 0.15 p.u.

12
0.1p.u / 012p.u.

I ;n.u.-r Eiie Se e IE I L= e g
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Xgpu—OZX X(15)2 =70.2p.u.

Xr1pu= 01x@x(“)2 =j 0.053 p.u.
Zo=25+75=79.056 L_71.56 Q
=79.056 X = = 0.122 L 71.56 p.u. = (0.038+j0.1157)

)2
Xpppu=0.12x 2 (131-63)2 =3 0.053 p.u.

180
Xomtpa= 0. 15x x (;22.)? =j 0.1104 p.u.
Xntpu= 0.15x 22 (4513)2 =70.165 p.u.

j0.053  0.038 j0.1157 j0.053
YYYd W\I-—IWY‘_IWY‘
101& &J(

Total input to the motor = 24+16 = 40MW
Base MVA= 50 MVA
Per unit value P, ,, = actual/base =40/50 = 0.8 k @ E.. @ @

>§"f/
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For voltage:

Base voltage kV, =45.12 kV
Actual value =30 kV

V,u. =30/45.12=0.664 p.u.
Therefore P =V 1

> S pu Y pupu

L,,=1.204 p.u.
Applying KVL
Vipaw = P (Xt X)) +V,

= 1.204[7(0.053+0.1157+0.053) + 0.038] + 0.664

=0.709+70.266 = 0.758 L20.61
Vactual = Vip.u, X base value

=0.758 x 15

T TAEA HIUER = C LR
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TRANSMISSION LINE PARAMETERS

(ELECTRICAL DESIGN OF OVERHEAD TRANSMISSION LINE)

» Transmission of electric power is done by 3-phase 3-wire overhead line.

»An a.c. transmission line has resistance, inductance and capacitance
uniformly distributed along its length. These are known as constants and
parameter of the line.

»Performance of transmission line depends to the considerable extent upon
these parameters.

»This constant determines whether the efficiency and voltage regulation of
line 1s good or poor.

» Concept of these constant is necessary in order to make the electrical design
of transmission line

»Out of these three parameters we will pay more attention in finding the
value of inductance and capacitance as value of these parameter depends on
conductor arrangement.

> Resistance is very simple to calcul y
A\

A
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* A transmission line has resistance ,inductance and capacitance
distributed along the whole length of transmission line as shown in
figure below:

R1 L1 R2 I—2 R3 L3
AN AR — o~ AN

Q Ve |z,

Vs

* However performance of transmission line can be analysed
conveniently 1f distributed parameters are considered lumped as
shown 1n figure below:

Vs

;2 T ETT
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Resistance:
> It is the opposition of line conductors to current flow.
> It 1s the most important cause for power loss in transmission line

» The resistance R of a line conductor having resistivity p ,length I and are of cross section :
1s given by:
_ P!
a

“*In a single phase or 2-wire dc line,the total resistance( known as loop resistance) is equal to doubl:
the resistance of either conductor.

**In case of 3-phase transmission line, resistance per phase is the resistance of one conductor .

Inductance:

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

» Due to these flux linkage ,the conductor posses inductance.
» Mathematically, inductance is defined as tI%&flux linkages per ampere i.e.

_ v where | = flux linkage in%féf»ér—turn
2D pefes

| = current in ;hn'p

A\
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Capacitance:

» Any two conductor separated by an insulating material constitute capacitor.

» As any two conductors of an overhead line are separated by air which acts as an insulation ,therefore capacitance «
between any two overhead line conductors.

» The capacitance between the conductor is the charge per unit potential difference.
e C =% where g = charge on the line per column

v = p.d. between the conductors in volts.

» The capacitance is uniformly distributed along the whole length of the line and may be regarded as series of cap:
connected between the conductors as shown in Fig.1 below:

Line Conductor » When an alternating voltage is impressed on a transmission line ,the cha

| on the conductors at any point increases or decreases with increase
/' lc decrease of instantaneous value of the voltage between the conductors.

Z

L C> The result 1s that the current known as charging current flows between

Ve T conductors as shown in Fig.2 .
» This charging current flows in the line even it is open circuited

supplying nd,

B Jgad.
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['he distribution of electric current over the entire cross section of the conductor is quite uniform in case of a DC
System

When an alternating current passes through a conductor it does not flow uniformly all over the conductor. The
~oncentration of current is higher on the surface of the conductor than at the centre, thus increasing the effective
esistance. This effect is called the skin effect.

e tendency of alternating current to concentrate near the surface of a conductor is known as skin effect.”

1se of Skin Effect:

['he solid conductor considered can be thought of having a number of strands one over the other, each carrying sot
yortion of the current.

(nductance of each strand will vary according to its position.

[hus, the strands near the centre are surrounded by a greater magnetic flux and hence have larger inductance than t
1ear the surface.

['he high reactance of inner strands causes the alternating current to flow near the surface of conductor.

[his crowding of current near the conductor surface is the skin effect.

ect:
Due to skin effect, the effective area of cross section of the conductor through which current flows is reduced.
Consequently the resistance of the conductor 1s slightly increased when carrying R

Cross section of near surface
conductor

V4 _—

,‘l'-: q '-i-_”__. ‘H“-: 1-':': .‘;1 :|";-3' -:J"”-I".!
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Factors affecting it:
= Nature of material.
= [t is directly proportional to diameter of conductor.

= [t is proportional to frequency of supply. skin effect increases with the increase in frequency.

= [t depends on the shape of the conductor. Skin effect less for stranded conductor than the solid
conductor.

Skin effect is negligible when supply frequency is low(< 50 Hz) and conductor diameter is small
(<1 cm)

I IATTA HIUEHTT STt
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PROXIMITY EFFECT

Definition:

Proximity Effect 1s the phenomena of non-uniform current distribution on the surface of
adjacent current carrying conductor due to the effect of another current carrying conductor
1n 1ts proximity.

in cables, the conductors are very near to each other, this effect is dominant.

Whereas in overhead lines as lines are far apart when compared with cable, this effect can
be neglected.

Cause of Proximity Effect:

The main reason for proximity effect is production of magnetic field in the surrounding of a
current carrying conductor.

When this magnetic field links with the adjacent conductor, it gives rise to a circulating or
eddy current in it.

Because of this eddy current, the current distribution on the nearby becomes non-uniform.

This leads to additional resistance to the flow of current in the nearby conductor. Hence due
to proximity effect, the net ac resistance of chnéluctor Increases.

\/

\
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If each conductor carries a current in same direction ,the halves of the
conductor in close proximity are cut by more magnetic flux then the
remote halves.

Consequently the current distribution is not even through out the cross
section, a least portion is carried out by the remote halves.

If current are in opposite direction, the halves in close proximity will
carry low density current.

Factors Affecting Poximity Effect

Frequency — The proximity increases with the increases in the
frequency.

Diameter — The proximity effect increases with the increase in the
conductor.

Structure — This effect is more on the solid conductor as compared to
the stranded conductor (i.e., ASCR) because the surface area of the
stranded conductor is smaller than the solid conductor.

=T+t ' If the material is made up of highyferyomagnetic material
. ximity effect is more on their sikrbf Ce/

A\
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FLUX LINKAGES

1. Flux linkage due to a single current carrying conductor:

Consider a long straight cylindrical conductor of radius ‘r’ meters and carrying a current I
amperes as shown in Fig(1)

This current will set up magnetic field.

This 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) Flux linkages due to internal flux:

Referring to Fig(i1) below, the magnetic field intensity at a point x meters from the centre is
given by:
Iy

H.= Tz According to the amperes law.

mmf around any closed path equals

the current enclosed by the path. The current

er~'~~~- - +he path is I,, and hence mmf /
5

g g 11&141~4'r]}4 (i)
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Assuming current density to be uniform

_mx* , _ x*?
L, — I = — 1 2 1
Therefore, H,= x—z X[ x—
T x 2TTX
=——1 AT/m
21T

If u (= gy b, 1s the permeability of conductor,then flux density at considered
point 1s given by:

_ Mo Myx o Ho X 2 — _ ' l
B, p— I a— I wb/m? (ur = 1 for non-magnetic material)

For tﬂe finite element having thickness dx,area is equal to dx times the axial
ength.

Assuming axial length= 1 m
Flux per meter of the length 1s
dpo=B,*1*dx weber

Yrra X

el inks with the current F@_Ming within the circle of radius x.

T TATTA HTUERT ST
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ire cross sectional area of the conductor does not enclose the above expressed flux.
> ratio of cross sectional area inside the circle of radius to the total cross section can
thought as fractional turns the links the flux.

refore the ﬂux linkage per meter length of the conductor 1s

dw— d¢
_x? Py X!
 r2 22 dx

MO [ x® dX

2mre

refore total flux linkage from centre of the conductor upto the surface of the
ductor is

3
= frl.tofx dx

0 2mrd

—“80 wb-T/m

refn Tist =y /T =% 107 H/m quy

'.E.':-:
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lux linkages due to external flux:
sider two points 1 and 2 at a distance of d; and d, from
entre of the conductor. Since the flux path are

entric circles around the conductor whole of the flux

veen 1 and 2 lies within the concentric cylindrical surface

ing through these points.

field strength at a distance x from the centre of conductor

L AT/m
27X

density is equal to Bx= p, u H, (p, =1 for non magnetic material)

Hol
27X

efore the flux through cylindrical shell of radial thickness dx and axial length of 1 m is

B, *1*dx weber = Bl gy
21X

Whe conductor inks all the current in the conductor

ster 1s equal to do. Since flux exte

9 gfTA Hitwr afafacmiten
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Therefore, the total flux linkage v between points 1 and 2 = | dd2 dy
P = 2% 107 %I *In (d,/d,) 1
Therefore L,, =2 * 107" In (d,/d,) [L=w/l ]

therefore ,total inductance of a conductor L=1L, . + L,

= =*107+2* 107 In (dyd)

Substituting d, =r and d, =d
=2 * 107 In

Therefore L=2 * 107 In ; [r'=0. 7788 *r]

>b‘f/
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INDUCT ANCE OF SINGLE PHASE TWO WIRE LINE

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

When an alternating current flows through such a loop ,a changing magnetic 1A % & <
_a_._._:__l__:_. R
!

flux 1s set up, and hence a loop possess inductance.
Consider a single phase overhead line consisting of two parallel conductors A
and B spaced ‘d’ meters apart as shown in fig. | g
Conductor A and B carries same amount of current(I, =Iy) but in opposite direction because one forms t
return circuit of the other.

1e. [, +Ig =0
There will be flux linkage with conductor A due to its own current I, and due to mutual inductance effect
current I in conductor B.
Assuming that the flux produced by current in conductor A links all the current upto the centre of conduc
and that flux beyond the centre of conductor B does not links any current.

2%107 In Ly= 2%107 In

1

A tleg o Substituting ;" = fﬁ%&/
A

* 1077 Zn%
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FLUX LINKAGE OF ONE CONDUCTOR IN & GROUP OF CONDUCTORS

Consider a group of parallel conductors 1, 2, 3, ... n carrying currents I,
[,, 15 ... I, respectively, as illustrated in Fig. 4.4. Let it be assumed that
the sum of the currents in various conductors is zero i.e. I, + I, + I; + ...
[ =0

Theoretically, the flux due to a conductor extends from the centre of the
conductor right up to infinity but let us assume that the flux linkages
extend up to a remote point P and the respective distances are as marked
in Figure.

T'he current in each conductor sets up a certain flux due its own current.
The sum of all these fluxes is the total flux of the system and the total
flux linkages of any one conductor is the sum of its linkages with all the
individual fluxes set up by the conductors of the system.

he flux linkages of conductor 1 due to its own current I, (internal and external), up to point P,

_ d
Yip1=2 X 107" 1 log, # Wh — turns/metre

, }\}Q
: of conductor lddue to current il\c_,.r n;léor 2,

R 10771, log, = A

dlq Ty gl H1i wrir ofafacmirar
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Thus the expression for flux linkages of conductor 1 due to currents in all
conductors can be written as:

W, =2x 107

Iilﬁged—jf’rHE log, == +Iylog, —= +....1 log, d"”] Wh-turns/m
n dyg dl‘i d]u

The above equation may be written as:

1 1 1 1
-9 x 107 |1, log, = +1,log, —— + I, log, —— +....1, log, —
“IIF 2 : lu [ : GE'F I ﬂgr: dlz UEF d“ £ ﬂg' d]u}

+2x 107 (1, log, d, + 1, log, d,, + I log, dy, + .... 1, log, d, | Wh-turns/m

To account for the total flux linkages to conductor 1, the point P must approach infinity and in this condition,

dy, =dy, =dg, =dy .. d,, =d (say)

np

Then Lim ([ + L, +Ig+..+1)]logd=0 v L+la+lg+..1, =0

d—se=

The equation for the flux linkages to conductor 1 bechanes,

. 1 1 1 )
M1 log = +1,log — +Llog — +....1 low—AWh-turns/
1108, ',,]; 9 108, dsy 3108, drs n'0 ’wlu urns/m

9 gfTA Hitwr afafacmiten
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N\DUCTANCE OF COMPOSITE CONDUCTOR LINES

1sider a single phase line consisting of two parallel conduc-tors A and B,
ductor A consisting of x and conductor B of y strands as shown in figure .

the conductors A and B carry currents I and — I
pectively (since conductors of a 2-wire line
'y the same current but in opposite directions).

uming uniform current density in both the conduc-tors the current carried b
h strand of conductor A will be I/x while that carried by each strand of

ductor B will be —I/y.
refore. the flux linkages of strand 1 in conductor A can be written as:

=1 1 1 1 1
=2 x 107"=| log. — + log. — +1 1 _
. -‘[ o 1 . dyo ug.,d i dlx]

I
e 10? 1 %1@
| Dbt’dl]/ d13

0 TATA HIER TILIERT]
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.




N

J(du dyy dyg ..dyy )
Sl dyy dgiiids,

=2 x 1077 [ log, Whb-turns/m

Therefore, Inductance of strand 1 of conductor A,

W, # J(du dyg dyg d dly)
—— =2 x 107" xlog,
I/x Yr'diadig d“....dh

Similarly Inductance of strand 2 of conductor A,

b s i llite ¥\ dgy Aoy dog Ay ... dy, H/mm
; % [dy; O Ggs Ogy s Gy |

Different strands of a conductor have different inductances. Therefore, average inductance of strands of conduct

L, =

L _ L +L,+--.+L,
avg ~ x

Since x such strands of conductor A are electrically in parallel, therefore inductance of conductor A,

]"nu L +L2 +L3 +...0L

M v 4

T . .
2y dyo dys: dyy-dyy )(day dyoyilgnfndy ).-(dyy d g dyyed))
*Y(dyy dyadigdyy . dy, )(doy dohdos.do, ) (Ao d od,y..dxx)

g g3l wftwrh afafRomiten ”
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In the above expression the numerator of argument of log, 1s called the GMD (often
called the mutual GMD) between conductors A and B and the denominator of
argument log, 1s called GMR (often called self GMD). GMD (Geometric Mean
Distance) and GMR (Geometric Mean Radius) are denoted by D, and D,

respectively.

. D,
v Ly =2 x 1077 log, H/m
. Dsﬁi

D
Similarly Ly =2 x 1077 log, B—"-’—Ilfm
5B

If conductors A and B are identical
s Dgp = Dyg = D, (say)

D

Loop inductance, L =L, + Ly =2 x 10 ! log, D +2x 107 lﬂvgl -

5

mH/km

=4 x 107 log, )?{\ m or 0.4 log, D"'

g g witeRrl gafafecmiien
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INDUCTANCE OF THREE PHASE OVERHEAD LINE
A: With Unsymmetrical Spacing

Consider a 3-¢ line with conductors A, B, and C; each of radius r
metres. Let the spacing between them be d;, d, and d; and the
current flowing through them be I, I; and I_ respectively.

The flux linkages of conductor A due to its own current I, and other
conductor currents Iz and I 1s

vy =2 x 1077 I-xlﬂg-—l" + lnlﬁg-“l” +I¢ IUE-—I'. Whb-turns/m
‘__a - [} rl‘ i dl [ d3 LS

Similarly

W, =2 x 1077 '“ln log, ok +1, log, .. + 1 log, l Wh-turns/m
? l T TNdy T T dy

AR TR Y R R
and y = 2 x 10 c log, o tia ﬂg"d: +1p “H.-Iz Whb-turns/m

If the system is balanced,

(-0.5-70.866)and I, =1 (- 0_}\4 14.866)

I grTA AU gfaiecmieEr
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d,

I, =I5 =1_=1(say) in magnitude
Talino T. ae< g reference phasor, the currents arﬁ?zsented, in symbolic form



Substituting these values of I and I, in the expression for ¥, we get,

- ' : 1
Yy =2 x 107°| I log, l +1(-0.5-0.866)log, X +[(-0.5+ ;0.866)log, —
3 2 dl d?
> . s e JIE
=2 x 107°I| log, — + log, ,fdl dy + jJ3log, 5
r . g
WA 5 1 p— d, ]
and L, = - =2 x 107"| log, — + log, Jd,d3 + jv3log, \( - | H/m
I r a3 |
I .
T I . -
Similarly Ly =2 x 107" log, ~ + log, vyd,dy + j¥3log, |== | H/m
l r Vn’,‘ |
. , 1 R R r‘:ﬂ
and L. =2 x 107" log, — + log, Jd,d, + jV3 log, (3 |H/m
L % & Vd, |

"hus it 1s observed that when the conductors of a 3-phase transmission line are not equidistant from each

ther. 1.e.. unsvmmetrically spaced, the flux linkﬁﬁﬁ nd inductances of various phases are different

vh rlaE 1equal voltage drops in the thrge ' zaé and transfer of power between phases due to
B3 ces even if the currents in the (:g:'idl tors are balanced.
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[RANSPOSITION OF CONDUCTORS

he unbalancing effect on account of irregular spac-ing of conductors 1s avoided by
ansposition of conduc-tors, as shown in Fig. below. In practice the conductors are so
ansposed that each of the three possible ar-rangements of conductors exists for one-
11rd of the total length of the line.

\r-— L/3 e u;—--a-— L/3 —=i q
B L&
: H

( A

POSITION 1 POSITION 2 POSITION 3

he effect of transposition is that each conduc-tor has the same average inductance,

’hich 1s given as:
I - l_..:} + IJB + h

3
A [1.:4, SO (108, Jdydy +]ﬂg Jd, d; +log, [dyds )
Z Z)
—1+l —= + log, |2
W BeNd, ", |
. 1 '”d d,d,
=2 X I[}"‘[lng', — + In;., d =2 x 10~ log_ —— H/m ..{
r *.h-r"-u ﬂ* 4=|~J'I]H r
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f the conductors are equi-spaced (let the spacing be equal to d), the inductance of each
onductor will be same and can be obtained by substituting d, = d, = d; in above expressi

o inductance of each conductor:

Yd x d x d
o

=2 % 107" log. % H/m

L=2x 107 log,

H/m
For stranded conductor r’ will be replaced

by D, (selt GMD).
V4
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PROBLEMS

Calculate the loop inductance per km of single phase transmission lin
comprising of two parallel conductors 1 m apart and 1.25 cm in diamete
Also calculate reactance of transmission line.

ylution:

o= 4107 In S
r

-1m ,r=1.25cm/2
=0.7788 *r

op = 2.13 mH/Km

W
v

39 A Jiuwr i ieem e
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In a single phase line as shown below conductor a and a’ forms o
nductor while b and b’ in parallel forms a return path. Calculate to
luctance of line per km assuming current 1s equally shared by two paral
nductor. Conductor diameter 1s 2 cm.

@ @ ® ®

<+ 20cm > <+— 100cm —»< 20cm >

o= 4 * 107 In 2n

both conductors are identical, Ds,=D¢z=D-
= VDab Dab'Da’b Da'b’ ...... p=0=2
=3/120 * 140 * 100 * 120 = 119.15 cm
=YDaa Daa’Da’a Da'a’

‘{/07788 1 *20 *20 +0.7788 * 1& cm

g g HitEsrD gfnfecmien
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. A single phase line consisting of bundle of three conductors of 5 m
liameter each of outgoing circuit and bundle of two conductors of 10 m
liameter each for return path. Find the inductance per km of line.

olution: -~ °M —
D
Lioop=4 * 107 In —= 1Oy C
< |6 m
). = YD11 D12'D21’ D22’ D31 D32’ ......p=3,q=2 2@: C

=3/9 ¥10.81 *10.81 *9 * 15 * 10.81 16 m

=10.74 m 30;

)p = VD11 D12 D13 D21 D22 D23 D31 D32 D33

= 3/(0.7788 * 2.5 x10 3)x6 x12 x6 x(0.7788 2.5 x10 3)x 6% 12 x 6 = (0.7788 x2.5 x 10 3)
=0.48 m
Ss = VD1'1' D1'2'D2'1" D2'2’
=3/(0.7788 *5 x 10 3)* 66 * (0.7788 5 *f\QLf3)

\,
A

I grTA AU gfaiecmieEr
DEPUTY REGISTRAR OF COPYRIGHT




CAPACITANCE OF & TRANSMISSION LINE
he capacitance between the conductor 1s the charge per unit potential.

e C =% where g = charge on the line per column

v = p.d. between the conductors in volts.

lectric potential at any point due to a charge is the work done in bringir
nit positive charge from infinity to that point.

. Potential at a Charged Single Conductor:

onsider a long straight cylindrical conductor A of radius r metres and havir
charge of q coulombs per metre of its length.

he electric field intensity at a distance x from 7

he centre of conductor, 3_____,______ b
E= 1 volts/m A

Ol ) 2T €&, X | ﬁ:\y e X —
Foad samedium € = 1 \

E = 101t5/m

0 TATTA H I4RT -I:lru TIEFTY
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potential difference between conductor A and infinity will be equal to work done in
ging a unit positive charge against E from infinity to conductor surface and is given

= . - 1
;[ nEux 2JIEﬂ ;'_-:c

Potential at a Charged Conductor in a Group of Charged Conductors:
Consider a group of long straight conductors A, B, C, D, E ... N having charges of q,, 9,, 03, 44, 9 ... q,, coulombs
e length respectively as shown in Fig. below:

A
ntial of conductor A due to its own charge q, -y &N
q, dx d, d,
=) Bx volts i
r = B d, 1
2 E
tential of conductor A due to charge q,
o D

= : — volts

Tsep & &
e ¥ %

' the charge g, extends from infinity f}‘p to a distance d, from conductor A.
39 g wiuwrd afafaemitsn
DEPUTY REGISTRAR OF COPYRIGHT




Similarly potential of conductor A, due to charge g, of conductor C placed at a
listance of d, metres from conductor A

==

‘[ G935 dx
= g . |
i 2nE, x

otential of conductor A due to charge gn of conductor N placed at a distance of dn — 1
netres from conductor A

-3

=J'fi’ndx

— volts
2ne, x

dy -y

i

So overall potential difference between conductor A and infinite

Qldx+“‘?2ffxmq3ir T Q, dx

+ R B
rﬂﬂED X 21:5[} X 2nEn x "_I2TEE0 X

d, dy d

VA'N__.

21=:E > [r,h1 (log, e —log, r) + g, (log, = —log, d,)

+q-3 {}ﬂgrﬁ—lﬂgr da]"'" +'qn {1ﬂggm_lnge n- I]]

1
] = 1 @I\—- ]
2?1'. c . {QI ugr + d2 Dg‘. d]; %'\ /;+ -F qu ﬂgr d"-t

log_colg, +gy +qg +....+q,)]

g gATTA #iuwrd gfateemitEsn
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Assuming balanced load i.e. g; + g, + g5

or vm=

d

“apacitance of a Single Phase Overhead Line:

Consider a single phase overhead line with two parallel conductors, each of radit
1etres placed at a distance of d metres 1n air as shown 1n Fig. below. It 1s assumed that tk
harge + q coulombs on conductor A and — q coulombs on conductor B are concentrated
1e centres of the two conductors which are separated from each other by d metres.

1 lo l+ lo i+¢L;|r lo i+ +q, log . volts
2?:&“ QI Efr Q'E gr dl b | gr e Fi] Fdn_-.],

—

r-“-.-“- o .

PD between conductor A and neutral 1n(w\1te plane,

. | e + lo l—lo o« + lo
Cagoa B caRleem e
dx d2 Lf

21!5{, neﬂ x q d

= lo -
2ne, Ee

I garTa HiUEr gfaieoiR
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Similarly p d between conductor B and neutral ‘infinite’ plane,

Vin =j2

-q dx

dx _ -q

ne,

PD between conductor A and B

Capacitance of the single phase line,

C

_4q
x +£2nen

log & volts
x 2mey, °r

q -q d q
V = Vo~V = log, —- log, — =
AB AN BN~ 2re, Be 5 ne, e ne,
S S W
Vap _4 & s B
Hsulﬂg,r og,
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apacitance of Three Phase Line

nsymmetrical Spacing

ynsidering potential of conductor A “!

| 15t section as V,

1

2TTE,
milarly for section ’II
1
" 2me, 2TCE,
mllarly for seetlon
1
B 2TTE

l

3

II

1 1
[qun; + qpln— +

1
QClnd_ ]

2

QCln_ ]

3

1
QClnd_ ]

B

C

\\
AN

A

1erefore average Voltage of conductQ{QA (V, +V2 +V3)/ 3

¥ qcln—@%%a— + qpln

A\

g gaTaa #iwrd gfataemitsn
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1

1 1
dledB

1
Va=3 ome. [3qaln-+(qp + qc )]

Assuming balanced condition
da T 9 tqc =0

de T qc = - (44
aa o (d.d,d)">
V= In——=2-3
2TTE Tr

0

Capacitance per phase

Cyr= da _ 274 F/m
VA 13
Ind. d,;dq)

I|.': .I ":“l'!-l': 111!.:4;:& .-.I 11_\_1. -:a.ﬂqlll‘.!
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‘oblems:

\ three phase 50 Hz, 66kV overhead line conductors are placed in horizontal
ne. The conductor diameter is 1.25 cm .If the line length is 100 km, calculate:

Capacitance per phase

Charging current per phase O O O

ume complete transposition of line <~ 2m ——><25m >
 2me, F/m '
IHBW ———45m——*

=2 m, d,=2,5m,d;=4.5m,r=1.25/2, ¢,=8.85 * 101
9.09 * 10 3 uF/km

100km line C=0.909 uF

irging Current per phase | = V/Xc

en V| = 66kV

refore phase voltage V= 66/v/3 = 38.105 kV

N

g g Wit gfafaomien
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FECT OF EARTH ON CAPACITANCE OF TRANSMISSION LINE

1¢ effect of earth on Capacitance of Transmission Line can be conveniently taken into
count by the method of images.

ethod of Images:

The earth may be assumed to be a perfectly conducting horizontal sheet of infinite exter
which acts like an equipotential surface.

The electric field of two long, parallel conductors charged +q and -q per unit is such tha

has a zero potential plane midway between the conductors ¢ I‘ o
[f a conducting sheet of infinite dimensions 1s placed at A AN
. . . . / -"If \ ‘ Y
the zero potential plane, the electric field remains undistt FE T L % S
: . . N o] N I I O
Further, 1f the conductor carrying charge -q is now remov LT
. . ) \ H‘x I'u | | ;"f .;a
e electric field above the conducting sheet stays intact, T NN NS
' %A /
. . . Ny g 4
hile that below i1t vanishes. l \\f P
- B [“ _)f;— q 2

>b‘f/
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ing these well known results in reverse, we may equivalently replace the presence of ground below a chat
1ductor by a fictitious conductor having equal and opposite charge and located as far below the surface of
yund as the overhead conductor above it—such a fictitious conductor is the mirror image of the overhead

1ductor.

is method of creating the same electric field as in the presence of earth 1s known as the method of image:

acitance of a Single-Phase Line:

1der a single-phase line shown in Fig. below. The equation for the

1ige drop Vab as determined by the two charged conductors a and b,

heir images a’ and b’ can be written as follows:

2h

g I
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Radius r
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@ ~— Real charge
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r
Tl T C T . v

bf
t O-'r-— Image charg
tq

It is observed from the above equation tha
presence of earth modifies the radius r to

(D2/4h2))Y2, For h large compared to D (this i
case normally), the effect of earth on line capaci
is of negligible order.
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BUNDLED CONDUCTORS

It 1s economical to transmit large amount of power over long distances by EHV lines and EHV
lines are usually constructed with bundled conductors. Bundled conductors increase the self
GMD and line inductance is reduced considerably which increase the power capability of the
transmission line. Bundled conductors also reduce the corona loss, surge impedance and radio
interference. The bundle usually comprises two, three or four conductors as shown in Fig.

-\ L

Geometric mean radius of bundled conductors can be obtained in the same manner as that
of stranded conductors.
For a two conductor arrangement,

1
De = (r'. d)*
For a three conductor arrangement
1
Dy = (r. d*)2
= *  conductor (quadruplex) arrangeﬂh/
= (r'd.d. /2 d\g“ V2 d? ;-‘*

s the fictitious rachuc; of each %ubmmﬂmgﬁpmxﬁmg;bundled.
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yna Effect in Transmission Line

1en an alternating current 1s made to flow across two conductors of the transmission line whose spacing is |
npared to their diameters, then air surrounding the conductors (composed of ions) 1s subjected to di-electric stress.

low values of supply end voltage, nothing really occurs as the stress is too less to ionize the air outside. But when
ential difference is made to increase beyond some threshold value of around 30 kV known as the critical disrur
tage, then the field strength increases and then the air surrounding it experiences stress high enough to be dissoci
0 10ons making the atmosphere conducting.

1s results in electric discharge around the conductors due to the flow of these ions, giving rise to a faint lumines
w, along with the hissing sound accompanied by the liberation of ozone.

is phenomena of electrical discharge occurring in transmission line for high values of voltage is known as the cor
ect in power system. If the voltage across the lines is still increased the glow becomes more and more intense al
h hissing noise, inducing very high power loss into the system which must be accounted for.

ors Affecting Corona

henomenon of corona is affected by the physical state of the atmosphere as well as by the conditions of the line. The
ving are the factors upon which corona depends :

(tmosphere. As corona is formed due to ionisation of air surrounding the conductors, therefore, it is affected by the
hysical state of atmosphere. In the stormy weather, the number of ions is more than normal and as such corona occur
auch less voltage as compared with fair weather.

onductor size. The corona effect depends upon the shapermnd conditions of the conductors. The rough and irregular

irf ~___ ise to more corona because unevenne ‘the surface decreases the value of breakdown voltage. Tht

. tor has irregular surface and hence&gjr-ve 1se to more corona that a solid conductor.
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1) Spacing between conductors. If the spacing between the conductors is made very large as compared to their
ameters, there may not be any corona effect. It is because larger distance between conductors reduces the electro-stati
esses at the conductor surface, thus avoiding corona formation.

) Line voltage. The line voltage greatly affects corona. If it is low, there is no change in the condition of air
rrounding the conductors and hence no corona is formed. However, if the line voltage has such a value that
ctrostatic stresses developed at the conductor surface make the air around the conductor conducting, then corona is
rmed.

lvantages and Disadvantages of Corona

yrona has many advantages and disadvantages. In the correct design of a high voltage overhead line, a balance should
struck between the advantages and disadvantages.

Ivantages

Due to corona formation, the air surrounding the conductor becomes conducting and hence virtual diameter of the
nductor 1s increased. The increased diameter reduces the electrostatic stresses between the conductors.

) Corona reduces the effects of transients produced by surges.

sadvantages

Corona is accompanied by a loss of energy. This affects"%\itransmission efficiency of the line.
f
S01

1p3 i ] ced by corona and may cause corrﬂiioﬁ%% conductor due to chemical action.

awn by the line due to corona is nony$indsoidal and hence non-sinusoidal voltage drop occurs in the

se inductive interference with neighb&uring communication lines.
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