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Seventh Semester B.E. Degree Examination, Jan./Feb.2021
Power System Protection

Time: 3 hrs. Max. Marks: 100
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Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1
With a neat diagram, explain zones of protection in a power system. (06 Marks)
Derive an expression for torque produced by an induction relay. (08 Marks)
List the merits and demerits of static relays. (06 Marks)

OR
Draw a neat sketch of an induction disc relay and discuss its operating principle. (07 Marks)
What are the various types of over current relays? Discuss their area of applications.
{06 Marks)
Describe the realization of a overcurrent relay using numerical technique. Show its

flowchart with neat diagram. (07 Marks)

Module-2
With a neat schematic diagram, explain the construction and working of static reactance
relay using an amplitude comparator. (08 Marks)
With a neat sketch, explain the construction and working principle of induction disc type
reverse power relay. (08 Marks)
With neat diagram, explain induction cup type impedance relay. (04 Marks)

OR
Draw and explain the circuit connections of three MHO units used at a particular location
for three zones of protection. (07 Marks)
With neat connection diagrams, explain the working of directional earth fault relay.
(07 Marks)
With neat diagram, explain static impedance relay using amplitude comparator. (06 Marks)

Module-3
With neat diagram, explain percentage differential protection of star-delta connected
transformer. . (08 Marks)
With neat diagram, explain the working of Buccholz relay. (05 Marks)
An 11 kV, 150 MVA alternator is provided with differential protection. The percentage of
winding to be protected against phase to ground fault is 80%. The relay is set to operate
when there is 20% out of balance current. Determine the value of the resistance to be placed
in the neutral to ground protection. (07 Marks)

OR
Define the term ‘pilot’ with reference to power line protection. List the different types of
wire pilot protection schemes and explain any one of the schemes. (08 Marks)
With neat diagram, explain harmonic restraint relay used to protect against magnetizing
inrush current of transformer. (08 Marks)

With a neat circuit diagram, explain rotor earth fault protection of alternator. (04 Marks)
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Module-4
In a 132 kV system, reactance and capacitance upto the location of the circuit breaker is 4Q2
and 0.02 pF respectively. A resistance of 500 Q is connected across the break of the C.B.
Determine the (a) natural frequency of oscillation (b) damped frequency of oscillation.

(c) critical value of resistance. (08 Marks)
Explain working of SF¢ circuit breaker with the help of diagrams. Write two of its
advantages. (08 Marks)

Explain recovery rate theory to explain the zero current interruption of the arc. (04 Marks)

OR
Derive expressions for restriking voltage and RRRV in terms of system voltage, inductance
and capacitance during fault on feeder. (08 Marks)
With neat circuit diagram, explain the synthetic testing ot circuit breaker. (06 Marks)
With neat diagram, explain Air-break circuit breaker. Write any two of its applications.
(06 Marks)
Module-5
Describe the construction and operation of the HRC cartridge fuse with indicator. Write any
four of advantages of HRC fuses. (08 Marks)
Describe the phenomenon of lightning and explain the terms pilot streamer, stepped leader,
return streamer, dart leader, cold lightning stroke and hot lightning stroke. (08 Marks)
Write short note on Arcing horn with diagram. (04 Marks)
OR
Describe the construction and principle of operation of valve type lightning arrester with
detailed diagram. (08 Marks)
Write note on kiydonograph and magnetic link. (06 Marks)
Describe the protection of stations and sub-stations against direct lightning strokes.
(06 Marks)
¥ % ok ¥ %k
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Power System Protection
Scheme of valuation
Module |

1. a) With aneatcircuit diagram explain zones of protectionin power system.
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b) Derive an expression for torque produced by an induction relay.
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c) List the merits and demerits of Static relay.
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2. a) Draw a neat sketch of induction disc relay and discuss its operating principle.
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2 b) What are the various type of overcurrent realy? Discuss their applications.
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2 c) Describe the realization of overcurrent relay using numerical technique. Show its flow chart
with neat diagram.
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Module Il

. a) With a neat schematic diagram explain the construction and working of static reactance relay

using an amplitude comparator.
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3. b) With a neat sketch, explain the construction and working principle of induction disc type of
reverse power relay.
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3.c)With neat diagram, explain induction cup type impedance relay.
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4. a) Draw and explain the circuit connections of three MHO units used as a particular location for

three zones of protection.

Three units of MEIO relays are uscedd
for the protection of aa section of the line._
The I unit is a high speed unit to protect
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4.b) With neat connection diagrams, explain working of directional earth fault relay.
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4.c) With neat diagram ,explain static impedance relay using amplitude comparator.
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5.b) With neat diagram, explain Buccholz relay.
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5.c)
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Define the term ‘pilot’ with reference to power line protection. List the different types of
wire pilot protection schemes and explain any one of the schemes. (08 Marks)
With neat diagram, explain harmonic restraint relay used to protect against magnetizing

(08 Marks)

inrush current of transformer.
With a neat circuit diagram, explain rotor earth fault protection of alternator. (04 Marks)
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6. b.

Balanced Voltage Scheme

In this scheme current does not normally circulate
through pilot wires

The operating coil is placed in series with the pilot
wire so the current does not flow through it under
normal conditions and external faults

During internal faults, the polarity of the remote
end CT is reversed, hence current flows through
pilot wires and operating coil of the relay.

Practical scheme is called Solkar system (Revrolle)

Capacitoris used to tune the operating circuit to
the fundamental frequency component

This scheme is suitable for 7/0.029 pilot loops up to
400Q).
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Module-4
7 a. Ina 132 kV system, reactance and capacitance upto the location of the circuit breaker is 442
and 0.02 pF respectively. A resistance of 500 (2 is connected across the break of the C.B.
Determine the (a) natural frequency of oscillation (b) damped frequency of oscillation.

{¢) critical value of resistance. (08 Marks)
b. Explain working of SFs circuit breaker with the help of diagrams. Write two of its
advantages. (08 Marks)

¢. Explain recovery rate theory to explain the zero current interruption of the arc. (04 Marks)
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Sulphur Hexafluoride (SF6) Circuit Breaker

* |t contains an arc interruption chamber containing SFe
gas.

* |n closed position the contacts remain surrounded by
SFegas at a pressure of 2.8 kg/cmz2.

* During opening high pressure SFs gas at 14 kg/cm2
from its reservoir flows towards the chamber by valve
mechanism.

* SFerapidly absorbs the free electrons in the arc path to
form immobile negative ions to build up high dielectric
strength.

* |t also cools the arc and extinguishes it.

* After operation the valve is closed by the action of a
set of springs.

* Absorbent materials are used to absorb the byproducts
and moisture.

7.c.

Recovery rate theory

The arc is a column of ionised gases. To extinguish the arc, the electrons and
ions are to be removed from the gap immediately after the current reaches a
natural zero. lons and electrons can be removed cither by recombining them
into neutral molecules or by sweeping them away by inserting insulating
medium (gas or liquid) into the gap. The arc is interrupted if ions are removed
from the gap at a rate faster than the rate of ionisation. In this method, the rate
at which the gap recovers its dielectric strength is compared with the rate at
which the restriking voltage (transient voltage) across the gap rises. If the
diclectric strength increases more rapidly than the restriking voltage, the arc is
extinguished. If the restriking voltage rises more rapidly than the dielectric
strength, the ionisation persists and breakdown of the gap occurs, resulting in
an arc for another half cycle. Figure  explains the principle of recovery rate
theory.
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(a) Arc extinguishes
FIGURE

and capacitance during fault on feeder.

e

With neat circuit diagram, explain the synthetic testing of circuit breaker.
With neat diagram, explain Air-break circuit breaker. Write any two of its applications.

(b) Arc does not extinguishes
Recovery rate theory

Derive expressions for restriking voltage and RRRV in terms of system voltage, inductance

(08 Marks)
(06 Marks)

(06 Marks)
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Every circuit breaker undergoes testing to make sure whether it is working properly
or not.So now we will learn about the testing of circuit breakers.Synthetic testing is
one of the indirect testing methods used.Synthetic testing is the popular method which
permits testing of circuit breaker.It consists of current source and voltage source with
relatively low voltage and low current respectively. The principle of synthetic testing
can be explained from below figure.
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The current source provides short circuit current.The voltage source provides
restriking voltage and recovery voltage.Synthetic testing conditions are given by L, T,

C.The short circuit current Iz is supplied by closing switch Si. At final current zero, switch

Sz is closed and voltage contains transient as it contains L and C.
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Working Principle Air Break Circuit Breaker

When the fault occurs, the main contacts are separate first, and the current
is shifted to the arcing contacts. Now the arcing contacts are separate, and
the arc is drawn between them. This arc is forced upwards by the
electromagnetic forces and thermal action. The arc ends travel along the arc
runner. The arc moves upward and is split by the arc splitter plates. The arc

is extinguished by lengthening, cooling, splitting, etc.

Applications of Air Break Circuit Breaker

Air break circuit breaker is suitable for the control of power station auxiliaries
and industrial plants. They do not require any additional equipment such as
compressors, etc. They are mainly used in a place where there are
possibilities of fire or explosion hazards. Air break principle of lengthening of
the arc, arc runners magnetic blow-up is employed for DC circuit breakers up
to 15 KV.



9 a. Describe the construction and operation of the HRC cartridge fuse with indicator. Write any
four of advantages of HRC fuses. (08 Marks)
b. Describe the phenomenon of lightning and explain the terms pilot streamer, stepped leader,
return streamer, dart leader, cold lightning stroke and hot lightning stroke. (08 Marks)
c¢. Write short note on Arcing horn with diagram. (04 Marks)
9.a.
High-Rupturing capacity (H.R.C.) cartridge fuse: The primary objection of low and uncertain breaking capacity of semi-
enclosed rewireable fuses is overcome in H.R.C. cartridge fuse. Fig. shows the essential parts of a typical H.R.C. cartridge

fuse. It consists of a heat resisting ceramic body having metal end-caps to which is welded silver cuirent-carrying element.
The space within the body surrounding the element is completely packed with a filling powder. The filling material may be
chalk, plaster of paris, quartz or marble dust and acts as an arc quenching and cooling medium.

Under normal load conditions, the fuse element is at a temperature below its melting point,

Therefore, it carries the normal current without overheating. When a fault occurs, the current increases and the fuse element
melts before the fault current reaches its first peak. The heat produced in the process vaporizes the melted silver element The

chemical reaction between the silver vapour and the filling powder results in the formation of a high resistance substance
which helps in quenching the arc.

Advantages

They are capable of clearing high as well as lo

They do not deteriorate with age.

They have high speed of operation.

They provide reliable discrimination.

They require no maintenance.

They are cheaper than other circuit interrupting devices of equal breaking capacity.
They permit consistent performance.
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Arcing Horn

The damage to line insulators from heavy arcs formed due to overvoltages is a
serious maintenance problem. Several protective devices have been developed
to keep an insulator string free from the arc. Arcing horn is one of such
protective devices. It consists of small horns attached to the clamp of the line
insulator string. Horns with a large spread, both at the top of the insulator and
at the clamp are required to be effective, as shown in Fig. 11.14. In the case of
lightning impulse, the arc formed tends to cascade the string. In order to avoid
this cascading, the gap between horns should be considerably less than the
length of the string. Protection of line insulators by arcing horns thus results in
reduced flashover voltage. In any evenl, flashover persists as a power arc until
the line trips out. The protection of line insulators by arcing horns is especially
used in hilly arcas.

The grading ring when used in conjunction
with an arcing homn fixed at the top of the insula-
tor string serves the purpose of an arcing shicld.
In the event of an arc forming following a flash-
over caused by some type of overvoltage, the arc
will usually take the path between the horn and
the shield and the insulator string will remain
clear from the arc.

e .

FIGURE Suspension

string with
arcing horns
10 a. Describe the construction and principle of operation of valve type lightning arrester with
detailed diagram. (08 Marks)
b.  Write note on kiydonograph and magnetic link. (06 Marks)
€. Describe the protection of stations and sub-stations against direct lightning strokes.
(06 Marks)

10. a.



Working of Valve Type Lightning Arrester

For low voltage, there is no spark-over across the gaps due to the effect of

parallel resistor. The slow changes in applied voltage are not injurious to the
system. But when the rapid changes in voltage occur across the terminal of
the arrester the air gap spark of the current is discharged to ground through

the non-linear resistor which offers very small resistance.



After the passage of the surge, the impressed voltage across the arrester
falls, and the arrester resistance increases until the normal voltage restores.
When the surge diverter disappears, a small current at low power frequency
flow in the path produced by the flash over. This current is known as the

power follow current.

The magnitude of the power follows current decreases to the value which
can be interrupted by the spark gap as they recover their dielectric strength.
The power follow current is extinguished at the first current and the supply
remains uninterrupted. The arrester is ready for the normal operation.This is

called resealing of the lightning arrester.
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Since lightning surges are infrequent and random in nature, it is necessary to install a large number of recording devices to obtain a
reasonable amount of data regarding these surges produced on transmission lines and other equipments. Some fairly simple devices
have been developed for this purpose. Klydonograph is one such device which makes use of the patterns known as Lichtenberg figures
which are produced on a photographic film by surface corona discharges.

The Klydonograph (Fig. above) consists of a rounded electrode resting upon the emulsion side of a photographic film or plate which is
kept on the smooth surface of an insulating material plate backed by a plate electrode. The minimum critical voltage to produce a figure

is about 2 kV and the maximum voltage that can be recorded is about 20 kV, as at higher voltages spark overs occurs which spoils the
film.

« The device can be used with a potential divider to measure higher voltages and with a resistance shunt to measure impulse current.
There are characteristic differences between the figures for positive and negative voltages. However, for either polarity the radius of the
figure (if it is symmetrical) or the maximum distance from the centre of the figure to its outside edge (if it is unsymmetrical) is a function
only of the applied voltage.

The oscillatory voltages produce superimposed effects for each part of the wave. Thus it is possible to know whether the wave is
unidirectional or oscillatory. Since the size of the figure for positive polarity is larger, it is preferable to use positive polarity figures. This is
particularly desirable in case of measurement of surges on transmission lines or other such equipment which are ordinarily operating on
a.c. voltage and the alternating voltage gives a black band along the centre of the film caused by superposition of positive and negative
figures produced on each half cycle.

« For each surge voltage it is possible to obtain both positive and negative polarity figures by connecting pairs of electrodes in parallel,
one pair with a high voltage point and an earthed plate and the other pair with a high voltage plate and an earthed point

Klydonograph being a simple and inexpensive device, a large number of elements can be used for measurement. It has been used in
the past quite extensively for providing statistical data on magnitude, polarity and frequency of voltage surges on transmission lines even
though its accuracy of measurement is only of the order of 25 per cent.
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The task of protection of such stations can be resolved into two parts. The
first being the protection of stations (including sub-stations) from direct
lightning strokes, and the second is the protection of electrical equipment of
stations from travelling waves coming in over the lines. The protection of
stations from direct strokes will be discussed in this section and the protection
of equipment from travelling waves will be discussed in thc subscquent

section. ol
Wherever it is likely for direct strokes of lightning to strike the line at or near

the station, there is 2 possibility of exceedingly high rates of surge-voltage rise
and large magnitude of surge-current discharge. If the stroke is severe enough,
ided by the protective device may be inadequate.

the margin of protection prov . s .
The installation may, therefore, require shielding of the station and the incom-

ing lines enough 10 limit the severity of surges particularly in the higher voltage
class of 66 kV and above. This can be done by properly placed overhead

ground wires, masts, or rods. -
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