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Power Systems

Introduction to Power Systems

An “Electric power system”is a network of electrical components used to supply,
transmit and use electric power. An example of an electric power system is the network
that supplies a region’s home and industry with power for sizable regions, this power
system is called “the grid” and can be broadly divided into the generators that supply
the power, the transmission system that carries the power from the generating stations to
the load centers and the distribution system that feeds the power to nearby homes and
industries. Small power systems are also found in industry, hospitals, homes and
commercial buildings. The majority of these systems relay upon “three-phase AC power”
the standard for large scale power transmission and distribution across the modern world.
Specialized power systems that do not rely upon the three-phase AC power are found in
aircraft, electric rail systems, automobiles etc.

This course material embodies the principles and objectives of elements of power
system. The aim of the course material on power system is to instill confidence and
understanding of those concepts of power system that are likely to be encountered in the
study and practice of electric power engineering. The presentation is tutorial with emphasis
on a thorough understanding of fundamentals and underlying principles. This course
material has been prepared in such a way to help the engineering students to understand
the basic concept of power system which will help them to excel in the competitive
exams like GATE, IES, PSUs and various other competitive examinations. In each chapter,
after every topic, wide number of solved examples have been discussed for the better
understanding of the topics.

=
o
o g
o o
o o
oo
(38 E o —
n[nn g 0
[u]
Power station Step up Transmission Step down Step down Residential
transformer lines transformer  transformer building
(= | D .
MRDE ERSYH www.madeeasypublications.org Theory with | g

Solved Examples



CHAPTER

Performance of
Transmission Lines, Line
Parameters and Corona

1.1 POLY PHASE AC CIRCUITS

A polyphase system is a means of distributing alternating-current (AC) electrical power where the power
transfer is constant during each electrical cycle. Polyphase systems have three or more energized electrical
conductors carrying alternating currents with a defined phase between the voltage waves in each conductor.

For three-phase voltage, the phase angle is 120° or Z?Tt radians. The electric energy is transmitted over

either three or four wires, more often called lines. In them, three of the line currents are identical except for a
phase angle difference of 120° electrical. 360°

Generally, n phase systems are apart in space. (if n# 2)

For n = 2, phase system are 90° apart in space.

1.2 GRAPHICAL REPRESENTATION OF 3-¢ SYSTEM

R Y B
| 120° ' 120°

o Amplitude X

ot

Here, phase sequence = RYB
and Vg = V_sin otvolt = V£0° volt

Vi, = V_sin(wt-120°) volt = V.£-120° volt
Vg = V_ sin(wt-240°) volt = V.£-240° volt = V.£+120° volt

Vg Vy
1.2.1 Phase Sequence
Phase sequence is the order in which voltage waveforms of a polyphase AC source reach their respective
peaks. For a three-phase system, there are only two possible phase sequences : RYB and RBY, corresponding
to the two possible directions of alternator.
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3
% ________ VR ________ VY ________ VB _
E
&
2
o
0 ot

For a 3-¢ system phase sequence must be defined, RYB is the universally adopted phase sequence.

Positive Phase sequence Negative Phase sequence Zero Phase sequence
i.e. RYB. YBR. BRY i.e. RBY i.e. no particular order
’ ’ of phase sequence, means
VR VR Zero sequence

—_—

_ .

120° 120° 120° 120°

A

120° 120°

Vg Vy Ve Vy

For balanced 3-¢ system: I+ 1, + I5=0. For unbalanced 3-¢ system: I, + I, + I5#0

e The phase sequence can be theoretically reversed by reversing the rotation of the rotor but
practically it is not possible.

e The phase sequence can be practically reversed by interchanging the any two terminal of
the machine.

e The phase sequence of all sources in practical power system will always be same.

NOTE

1.2.2 Advantages of 3-¢ System

The advantages of a 3-phase system over a single phase system are as under:

(1) The amount of conductor material needed to transfer same amount of power is lesser for three phase
system thus it is more economical.

ii) Domestic power and industrial/commercial power can be provided from the same source.
iii) Voltage regulation of three phase is better.
iv) The torque produced by a three phase motor is more. Also having better power factor.

v) As three phase motors are self-starting while single phase motor are not, three phase system is
certainly advantageous and versatile.

(vi) For a given size of the frame, three phase generator provides more output.
(vii) With the help of 3-¢ system, interconnection is possible either in star or in delta.

(viii) A rotating magnetic field can be produced with the help of a balanced 3-phase winding (in space)
when supplied with a balanced three phase current (in time).

(ix) Three phase machines produce less vibration compared to a single phase machines.

(x) Forawhile in use athree-phase system, converting systems like rectifiers the DC voltage waveform
becomes smoother with the increase in the number of phases of the system.

MRDE ERSYH www.madeeasypublications.org 301veg hg?(gn\glig; EE
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EXAMPLE : 1.1 What is the current flowing through the neutral in a balanced 3-phase star system?

Solution :

Current flowing through the neutral is always zero as long as the system is working
under balanced condition. In+1,+15=1,=0A

1.3 TYPE OF 3-¢ CONNECTIONS

1. Star (y) connection 2. Delta (A) connection

1.3.1 Star (Y) Connection

In star connection, three similar ends (star or finish) of the three windings are joined together at a common
point. This point is known as star point or neutral point. Star connection is also known as Y or Wye connection.

Figure given below shows a balanced three phase star connected system having phase sequence RYB
(Positive phase sequence).

1, I
R o _
VRY
VBR
I Iy
VYB
Ig . I3 i
Here,
= | Vol = 1Vl =1 Vg, | =V, are phase voltages ~ (i.e., Voltage between a line and neutral)
= | Vol = [ Vil =1 Vel =V, areline voltages (i.e., Voltage between two phases)
= Vey = (Vp=V,)
It's phasor diagram is shown below :
VRV
Vr
-Vy . 4 Vs
AN ’I\\\\
s
\\\\600 ,,” \\\\
“\LV1200 “
7 Vyg
5 .
Iy \ ‘
) P
Ve VS
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soox packace PAUA]
Conclusions

(i) Relation between line and phase current:
I = I,=15=1,,=Phase current
I, = I,,=14=1 =Linecurrent
Since the phase are connected in series. So, current remains constant.
(ii) Relation between line and phase voltage:

Vay = Van=Vyni Vyg=Vyn=Ven: @nd  Vgg= Vgy= Vay

) 1
Line voltage, V, = Vg = \/|VR|2 +|W P +2|V4||Vy|cos60° = \/V/:?h +VE, +2V5, 5= V3V,
Type of load Phase angle
(iif) Phase angle between V, and I;: RL load 30°* ¢
R load 30°
RC load 30° - ¢
(iv) With respect to reference Vj,:
Line voltages are : Voy = V,£0°; V,g=V, £-120°%, Vga=V, £-240° =V, £120°
(v) Phase voltages with respect to reference (Vg,) :
Voy = Vi £-30°%; V=V, £-180°; Vggp=V,£-270°=V,, £90°
(vi) To find average power (Pavg):
R-Load Pure Inductive load
V.1 v VI

SN\

LN |,

Advantage of Star Connected System

(i) 3-phase generators are usually star-connected. It is so because only % of the line voltage will
appear on every phase winding of the alternator. It means in star connected generator, the number
of coil turns required per phase is less than for a delta-connected generator.

(i) Star connection provides two voltages, i.e., phase voltage and line voltage. Hence, lighting loads
are connected across the single phase whereas power loads like three-phase motors are connected
across lines.

MRDE ERSY Theory with
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(iiiy Another advantage of the star connection is that the neutral of the generator can be earthed. In that

case, the potential difference between each line and earth is equal to phase voltage, i.e., i
Disadvantage of Star Connected System
(i) Less torque in motor.
(i) Construction cost is more expensive.
w _ﬁ_ Pavg = O for only inductive load (+ve half cycle equals to —ve half cycle)
= e Line voltages w.r.t. reference (Vjy,) :
g / Vay = V,20° Viyg=V,£-240°; Vgp=V,£-120°
- e Phase voltage w.r.t. reference (Vg,):
Vg = Vp,£30°; V=V, £180°; Vg=V,, £270°
EXAMPLE : 1.2 A single phase ac system comprising of two overhead conductors is to be converted

into a 3-phase, 3-wire system by providing an additional conductor of same size. If
the operating line voltage and percentage line losses, power factor of load remains
same in both systems. Find the percentage of additional load that can be transmitted
by the three phase system?

Solution :
Let the operating voltage and power factor in both the systems be V volts and cos ¢

respectively. If 1, is single phase current, 7, is the three phase current and R is the
resistance of each conductor, then

Single phase system : P, = VI, cos ¢ Watts
Losses = 2/2 R Watts
2
Percentage line losses = %x100=ﬂx100
P, VI,cos¢
3-¢ system : P, = \/§V12 COoSo
Line losses = 3I2R
2
Percentage line losses = ixwo
x/§V12 cos ¢
For the same percentage line losses in both the cases, we have
2 2
2R 00 = ——32F 400
VI,cosd \/§V12 cos¢
2
2, = 31, L,=-—I
1 2 2 \/5 1
<. Power transmitted in 3-¢ system, P, = 3V'x %11 Ccos¢ =2VI, cos ¢ = 2P,

Percentage of additional load = %xwo = gxmo = 100%

1 1

MRDE ERSYH www.madeeasypublications.org Solve;{ hﬁﬁﬁmfi EE
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1.3.2 Delta (A) Connection

Phase sequence is RYB
Inp = Ig+ 1 orl, =141,
I, = Iqg+1,0r1,=1,~1,
Ip = I+ 1 01, =1,-1,
(i) Relation between Line and Phase voltage
Ve = Vy=Vg=Vp,
Vay = Vyg=Veg="V,
L= Ven
For parallel connection voltage remains same.
(ii) Relation between Line and Phase current

11 = 1g+ (Hp)
[L2 = [Y+(_[H)

From phasor diagram,

Iy = \/|1H|2+|15|2+2|1/q| |15] cos60°
o IL = \/§1Ph
Therefore, I, = Ip=I3=1 = \/51/__/,7

(if)) Phasor angle between V, and I,

Type of Load Phase angle Phasor diagram
RL 30 + ¢
R 30°
RC 30-¢

(iv) Currentw.r.t. reference phasor (1)
Ig = I, £0% 1,=15,£-120°; Ig=1p,£-240° =1, Z+120°
(v) Line currentw.rt. reference phasor (/)
I, = 1,£4-30°; 1,,=12-150°; I ,=1,/-270°=1/+90°
Advantage of Delta Connection
(i)  More torque in motor.
(i) Protection is simple and less costly.

(iii) While use delta connection, less current per winding for the same power output.
(iv) Construction costis low.

Disadvantage of Delta Connection

(i)  Nocommon neutral point.
(i) Detecting earth faults is difficult.
(iii) Low voltage connection.

MRDE ERSYH www.madeeasypublications.org 301veg hg?(gn\glig; EE
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1.4 POWER CALCULATIONS

1. Single phase power, Py = Ven Ip,COS 0
2. Three phase power, P3_¢ = 3 Vp,Ip,c08 0

3. Three phase power in star connection, Py, = S-E-IL cos¢ =+/3 VI, coso

V3

4. Three phase power in delta connection, Py = 3-V; AL

V3

5. Three phase reactive power, Py, or P(A) = J3 Vi1, sing

cos¢ = /3 V} I, coso

6. Total apparent power, S = @\/LIL

——  Three phase power in star is equal to that in delta connection which is equal to +/3V, 1, cos¢ .

e |fpower is kept constant, delta connection has low voltage and high current capacity whereas
] a star connection has high voltage and low current capacity.

NOTE

For a star connected system :
e Theline voltages are 120° apart from each other (phase voltages are 120° apart from each
REMEMBER other).

e The angle between the line currents and the corresponding line voltage is (30 + ¢) with
current lagging by an angle ¢ (for lagging loads).

e Line voltage magnitude is /3 times the phase voltage magnitude.

e The currentinline and phase are same.

For a delta connected system :

e Line currents are 120° apart from each other as well as phase currents.
e Line currents are 30° behind the respective phase currents.

e The angle between the line currents and corresponding line voltages is (30 + ¢) with the
current lagging by an angle o.

e Line voltage and phase voltages being same, the line current is /3 times the phase current.

EXAMPLE : 1.3 A 3-¢, three wire supply feeds a star connected load consisting of 3 equal resistors.
If one of the resistors is to be removed, then what is the reduction in power as
compared to the original power?

Solution :
Ro
R
R R
B
Yo
MRDE ERSYH www.madeeasypublications.org Theory with| e
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With all 3 resistors,
RO

3VE, VY 1V
P P, = =3 =| Xx==—
ower, 1 =) \/g R R R
With one resistor removed, "
V2 P P
P i P - #=_1
ower, a R B
A o
P, = E=O.5P1=50A>of/31 Yo
50% reduction of original power.
EXAMPLE : 1.4 For the 3-¢ circuit shown in the figure the ratio of the current I, : I, : I;is given by
Ro
IR
R1
IB
Bo R
I
Yo !
(a) 1:1:3 (b) 1:1:2

g 4.3
(c)1:1:0 (d) 1.1.\g

Solution : (a)
Iz = Phasor sum of I, and 7, at an angle of 120°.
Also, Ip=1,=1p,

o

120 120°
I, = \/15 +12 + 215l -cos - \/Ish + 15, +215, cos—— = NEI

So, In:1y:Ig= Ipy:Ip,:N3Ipy = 1:1:4/3

1.5 INTRODUCTION TO TRANSMISSION LINES

An overhead transmission line consists of a group of conductors running parallel to each other and
carried on supports which provide insulation between the different conductors and between each conductor and
earth. A transmission line has four parameters —resistance, inductance, capacitance and shunt conductance.

The shunt conductance accounts for leakage currents flowing across insulators and ionized pathways in
the air. The leakage currents are negligible as compared to the current flowing in the transmission lines. The
series resistance causes a real power loss in the conductor. The resistance of the conductor is very important in
transmission efficiency evaluation and economic studies. The power transmission capacity of the transmission
line is mainly governed by the series inductance. The shunt capacitance causes a charging current to flow in the
line and it is important for medium and long transmission lines. These parameters are uniformly distributed
throughout but can be lumped for the purpose of analysis on approximate basis.

MRDE ERSYH www.madeeasypublications.org 301veg hg?(gn\glig; EE



Electrical BESTED
10 Engineering 2027 MBDE ERSY

The performance of the transmission line can be determined by following two parameters :
1. Percentage efficiency 2. Percentage regulation

Efficiency of a Transmission Line

e Efficiency of atransmission line is defined as the ratio of power delivered at the receiving end to the
power sent from the sending end.

Transmission line

. % (R.X) 9
. PLoss .
Sending end Receiving end
(P) (Pr)

e Atransmission line is represented by A and X, as series parameters and Pg, P respectively the
sending and receiving end powers.

Losses occurring in the line is : Ploss = (Ps= Pg)

Hence, percentage efficiency of the transmission line is given by
o = Bx100 = B Aes) 1g0- _Fa 00
'DS S Rt PLoss

e Higher the efficiency of the transmission line, better is the performance of the transmission
line.

e An ideal transmission line has 100% efficiency (i.e., zero losses) which is not possible
practically.

Regulation of a Transmission Line

Voltage regulation of a transmission line is the change in voltage at the receiving end, expressed in
percentage of full-load voltage, when full-load at a specified power factor is removed while the sending end
voltage is held constant.

V' Vg
Vr

where, V"is Sending end voltage and V in Receiving end voltage.

x 100

% \loltage regulation = (%} %100 =
R

e The lower the voltage regulation, better is the performance of transmission line.
e The voltage at the point of commencement of supply shall not vary by more than

REMEMBER = 6% inthe case of the low voltage (upto 250 V) and medium voltage (upto 650 V).
= +6% to —9% in the case of high voltage (i.e., upto 33 kV).

=3 i12%% in the case of extra high voltage (i.e., exceeding 33 kV).

e Anideal transmission line has 0% regulation.

1.6 CLASSIFICATION OF TRANSMISSION LINES

Transmission lines are classified based on three criterion and they are:
1. Length of transmission line

2. Operating voltage

3. Effectof capacitance

MRDE ERSYH www.madeeasypublications.org Solve;{ hﬁﬁﬁmfi EE
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The table below summarises the classification of transmission lines based on the above three criterion.

Transmission Length of Operating Frequency x
lines transmission lines voltage Length = fI
S “ﬁggmiss“’” (0 — 80) Km (0 = 20) KV I < 4000
Medium trans- (80 — 160) Km (20 - 100) kV | 4000 < f/ < 10000
mission line
Long ransmission | (160 — 280) Km (> 100) kV 1> 10000

e |f an overhead line is classified as short, shunt capacitance is so small that it can be
omitted entirely with little loss of accuracy, and we need to consider only the series resistance
REMEMBER R and the series inductance L for the total length of the line.
e |namedium transmission line capacitance Cis lumped/concentrated at a point.
e Inalong transmission line parameters of the line are distributed uniformly throughout the
length of the line.

1.6.1 The Short Transmission Line

In a short ling, the shunt capacitance Cand shunt conductance G are neglected. The series resistance R
and the series inductance L for the total length of the line is considered. Single phase supply line is usually short
in length and operates at relatively low voltages.

The equivalent circuit of a short transmission line is shown in below figure, where Igand I, are the sending
end and receiving end currents respectively, and Vg and Vj are the sending and receiving end line to neutral
voltages.

The circuit is solved as a simple series ac circuit. So,

Iy = Ig; V3=VH+IHZ
where, Zis zl, the total series impedance of the line (/ being the total length of the line).
IS IR
. Z=R +joL L A
—— WW——000—

L

Gen. Vs Vi g

d

Fig.: Equivalent circuit of a short transmission line

The voltage regulation of the short transmission line is given by

‘VH,NL| - ‘VH, FL|

% regulation = x 100

‘VH,FL‘
where, |VRNL| is the magnitude of receiving end voltage at no load and

|VRFL| is the magnitude of receiving end voltage at full load with |VS| constant

The phasor diagram (see below) is drawn for the same magnitude of the receiving end voltage and
current and show that a larger value of the sending end voltage is required to maintain a given receiving end

MRDE ERSYH www.madeeasypublications.org 301veg hﬁ?fa‘invﬁfi EE
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A 3-¢ transmission line has corona loss of 48 kW
at 96 kV and 90 kW at 112 kV. The disruptive
voltage between lines is

The capacitance and charging current per unit
length of the line for the following arrangement
of conductors of diameter 20 mm shown in figure
below will be respectively given by (Line voltage
=220 kV).

29 mm

Pl
[

O O, O

Al 3m | 3m c
(@) 9.3737 uF, 1.261 mA
(b) 3.2323 pF, 1.261 mA
(c) 9.37.37 pF, 0.374 mA
(d) 3.2323 mF, 0.374 mA
|
(
(

n context of corona which statement is not true?
a) corona is voltage effect

b) corona takes place on short transmission
lines

(c) coronais accompanied with power loss
(d) corona attenuates lightning surges

When an alternating current flows through a

conductor

(a) entire current passes through the core of the
conductor.

(b) portion of conductor near the surface carries
more current in comparison to the core.

(c) current remains uniformly distributed over the
whole cross-section of the conductor.

(d) portion of conductor near the surface carries
less current in comparison to the core.

For equilateral spacing of conductors of an

untransposed 3-phase line, we have

(a) balanced receiving-end voltage and no
communication interference.

(b) unbalance receiving-end voltage and no
communication interference.

(c) balance receiving-end voltage and
communication interference.

(d) unbalanced receiving-end voltage and
communication interference.
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The regulation of a line at full load 0.8 pflagging
is 12%. The regulation at full load 0.8 pf leading
canbe

(a) 24% (b) 18%

(c) 12% (d) 4%

Power dispatch through a line can be increased
by

(a) installing series capacitors
(b) installing shunt capacitors
(c) installing series reactors
(d) installing shunt reactors

The surge impedance of a 500 miles long line
400 Q. For a 250 miles length it will be

(a) 400 Q (b) 500 Q
(c) 200 Q (d) None of these

The dielectric strength of air is
(a) proportional to barometric pressure

(b) proportional to absolute temperature
(c) inversely proportional to barometric pressure
(d) none of the above

Direction for Questions (10 to 13):

Q.10

Q.11

Each of the following question consists of two
statements, one labelled the ‘Assertion (A)’ and
the other labelled the ‘Reason (R)’. Examine the
two statements carefully and decide if the
Assertion (A) and Reason (R) are individually true
and if so whether the Reason (R) is correct
explanation of the Assertion (A). Select your
answers to these questions using the codes
given below:

Codes:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not a correct
explanation of A.

(c) Ais true but R is false.

(d) A is false but R is true.

Assertion (A) : EHV transmission lines make

use of bundled conductors.

Reason (R) : Bundled conductors reduce the

line inductance per phase and increase the

capacitance.

Assertion (A): Transposition of conductors in a

transmission line is necessary.

Reason (R): Corona losses are reduced by
transposition of conductors.
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Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

of the characteristic impedance in ohm of the
equivalent m-circuit of the transmission line will
be

(@) 141.72Q (b) 158.11Q
(c) 283.44Q (d) 316.22Q

A surge of 15 kV magnitude travels along a
cable towards its junction with an overhead line.
The inductance and capacitance of the cable
and overhead line are respectively 0.3 mH,
0.4 puFand 1.5mH, 0.012 pF per km. The voltage
rise at the junction due to the surge is __ kV.

A 500 kV, 2 usec rectangular surge on a line
having a surge impedance of 350 ohms
approaches a station at which the connected
earth capacitance is 3000 pF. The maximum
value of the transmitted wave is ______ kV.

Athree phase overhead line has resistance and
reactance of 5 Q and 20 Q respectively. The
load at the receiving end is 30 MW, 0.85 power
factor lagging at 33 kV. The voltage at sending
end is

(a) 37 kV (b) 51.16 kV
(c) 48.12KkV (d) 66.38 kV

A short 3-phase transmission line connected to
a 33 kV, 50 Hz generating station at the sending
end is required to supply a load of 10 MW at
0.8lagging power factor at 30 kV at the receiving
end. If the minimum transmission efficiency is
to be limited to 96%, the per phase value of
resistance is ohms.

The total susceptance and total reactance of a
lossless overhead EHV line, operating at 50 Hz
are given by 1.4 p.u. and 0.025 p.u. respectively.
The approximate length of the line is

(The velocity of wave propagation is 3 x 10°
km/s)

(@) 146.4km (b) 178.6 km

(c) 162.6 km (d) 152.1 km

A 132 kV transmission line having per phase
line inductance of 10 mH/m and per phase line
capacitance of 100 uF/m. If length of the line is
80 km, its surge impedance loading

Athree phase load is connected to a three phase
balanced supply as shown in the figure. If
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V,, = 10£0°V, V,, = 10£4-120° V and V,, =
10£120°V

a

=
>R
<>
n j1
—]1
(o]
b Ps
The value of Rfor 7, =0A s Q.

In a power network, 380 kV is recorded at a
400 kV bus. A 60 MVAR, 400 kV shunt reactor
is connected to the bus. The reactive power
absorbed by the shuntreactoris___ MVAR.

The parameters of overhead transmission line
are given as :

Zg=36Q,and Z = 11Q
The positive sequence impedance, negative

sequence impedance and zero sequence
impedance are

(@) 25Q,25Q,58Q (b) 25Q,58Q, 25 Q
() 48Q,25Q,25Q (d) 25Q,0Q, 58 Q
An extra high voltage transmission line of
length 200 km can be approximated by a
lossless line having propagation constant

B =0.0018 rad/km. The percentage ratio of line
length to wavelength is %.

A 400 km long transmission line operating at
Vg=1p.u. at 50 Hz. The value of Vat noload

is_______p.u. (Answer upto three demmals)
ANSWER KEY

(52.65) 2. (c) . (b) (b) 5. (c)
(d) 7. (a) . (a) (a) 10. (b)
(c) 12. (a) 13. (a) 14. (o) 15. ()
(b) 17. (@) 18. (@) 19. (288) 20. (b)
(22.9) 22. (22) 23. (d) 24. (27.84)
(850.43) 26. (b) 27. (2.40) 28. (b)
(0.57) 30. (1742.40) 31. (54.15) 32. (a)
(5.73) 34. (1.175)
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n (52.65)

Power loss due to corona

244 r B
P.= T(f+25)\g(vph —Vo)? x107°

kW/km/phase
Taking 8, r, dand fas constant
P o< (V =V 5)?

c P
2

48 [%—Vdo) (1)
112 2

and 0 (f - Vdoj (2)

V. = 30.4 kV

Disruptive voltage between lines

= 3% V,n=52.65KkV

Ej ©

20 mm
Al 3m L c
Radius, r= %:10mm=o.o1 m

spacing between conductors are
d,=AB=3m;d,=BC=3m; d;=CA=6m
Capacitance per phase per mlengthis

2meg

o0 3d. d, d

e r

Cy=

3. [0}

MEBDE ERSYH

_ O x8.854x10712

=9.3737 x 1071°F

0g J3x3x6
¢ 0.01
= 9.3737 pF
Charging current per phase, /.= 2nfC, Vph
3
- 2mx50x9.3737 x 10712 x 229X 107
J3

=0.374 mA

Corona on an overhead line occurs due to
high electric field intensity at the surface of
the conductor (resulting in ionization of air
particles). For occurrence of corona, the
potential gradient of the conductor must be
greater than the dielectric strength of air.
Hence it is a voltage effect phenomenon.

e (Coronaresultsinto power loss called “corona
loss”.

e (Corona acts as safety valve for the conductor
surface and decreases the impact of
lightning surges on the surface of the
conductor. Hence, it attenuates lightning
surges.

e (Corona does not occur in short transmission
lines (because of low voltage). Hence, option
(b) is not true.

4. [

When an AC current flows through a conductor,
the inductive reactance of the inner strands
increases while that for the outer strand
decreases so that outer strand conducts more
correct than the inner strand. Due to this reason,
portion of conductor near the surface carries
more current in comparison to the core (or inner
strand). This phenomenon is called skin effect.

B ©

Since conductors having equilateral spacing will
have symmetrical spacing therefore, the
receiving end voltage will be balanced. Also, as
the conductors are not transposed therefore, it
will result into communication interference with
the neighbouring communication lines.
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4) CONVENTIONAL BRAIN TEASERS

Q1 A 3-phase, 50 Hz transmission line at 11 kV delivers a load of 1000 kW at 0.8 p.f. (lagging) over 10 kms.
Calculate the line current, receiving end voltage and efficiency of transmission. Resistance and reactance
of each line conductor may be assumed to be 0.5 Q/km and 0.56 Q/km respectively.

I. (Sol)

Here, receiving end voltage is not given.
Sending end voltage (per phase) is,
11x10°

=6351volts or 6350.8 V

We know that,
Vo= Vg = IRCOs 0+ I X, sin by

For lagging p.f., + Is R g
o——MWW—000——
Vo= Vg = IRCOSs 0y + I X, sin by T
Given, R = 0.5 Q/km Vs Vi

X, = 0.56 Q/km (Per phase) l
Lengthofline = 10 km —°

So, R = 5Q/phase; X =5.6Q/phase
1000x 103 10° 416.67x10°
Also, Inp=1g = = =
3% VRCOS(DH 3% VHXO.B VR
3
Now, 6351V, = M [5x0.8+5.6x0.6]
R
3
o, 6351 — VH+3066.69><1O
Va
or, VF% - 6351 VH, +3066.67 x10% = 0
Solving we get, V, = 58245V o0r526.5V
But, V5 can't be 526.5 volt. So, V, = 5824.5 volts
416.67x10°
~ L =J],=———=715A ,
Line current, Iy = Iy £8045 5A or71.537 A

Receiving end voltage, Line voltage

J3x5824.5 .
Vi = 00 - 10.09kV (line value)

Also, efficiency of transmission is,

3
% = ( Output power )x100 1000x 10

= x100 =92.87%
Output power + losses 1000x 10° + [3x (71.5)° x 5]
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