On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8 = 50, will be treated as malpractice.
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1 Semester B.E. Degree Exammatlon, Dec.2023/Jan.2024
Power System Protectlon

Max. Marks: 100

Module-l

Discuss briefly the role of protectlve relay in a modern power system (06 Marks)
Explain the nature and causes ‘of faults. Discuss the consequences of faults on a power
system. (08 Marks)

Draw a neat sketch of an: mductlon disc relay and explam its operating principle. (06 Marks)

Explain the workmg principle, types and appl ation of thermal relays. (06 Marks) '
What is numerlcal relay? What are its advantages over conventional type relays? (06 Marks)
Explain vanous types of overcurrent relays with its characteristic curve. (08 Marks)
: Module-2
What are the various overcurrent protective scheme? Explam their merits, demerits and field
of application. / ' (07 Marks)
Describe the operating prmclple constructlonal “features and area of apphcatlon of reverse
power or directional relay. ' W (07 Marks)

Distinguish between an earth fault relay and. an’ overcurrent relay Explam various methods
to energize an earth fault relay. ~ - (06 Marks)

_OR
Explain the 1mpedance relay with. 1ts operating principle. (06 Marks)
Explain. stepped time-distance. characterlstlcs of three distance relaying units used for I, II

and III zone of protection. . (08 Marks)
Discuss the effect of arc re31 ance on the performance of different types of distance relays.

P (06 Marks)

Module-3
What are the unportant operating principles used in wire pilot schemes? Explain Transley
scheme of wire pilot protection. ~ “ (07 Marks)

Describe the behaviour of simple d1fferent1a1 protection scheme during normal, external and

internal fault. (08 Marks)
Explain balanced voltage dlffere‘ntlal relaying scheme. (05 Marks)
OR

Describe with neat sketch the percentage differential protection of a modern alternator.

(08 Marks)
Explain with neat dlagram the working of Buchholz relay. (07 Marks)
Discuss buszone protection with neat diagram. (05 Marks)
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Module-4 ;
With a neat sketch, explain the recovery rate theqry and energy balance theory of arc

interruption in a circuit breaker. € (08 Marks)
Explain the interruption of capacitive current with eat sketch and waveform. (06 Marks)
Discuss the working of air blast circuit breaker.” (06 Marks)
OR.
Explain with neat diagram the direct testlng of circuit breaker. : (06 Marks)
With a neat sketch, explain the oonst'ructlon and workmg of non-puffer type SF6 circuit
breaker. (08 Marks)
Write short notes on HVDC circuis «breaker. (06 Marks)

, Module-5
Explain the construction: and operation of the HRC cartndge fuse. What are its advantages

and disadvantages? (10 Marks)
Explain with neat figure:
(i) Rod gap arrestor

(10 Marks)

(1) Expulsxon type arrestor

Explam the term insulation coordmatl
terminology associated with impulse testlng p (10 Marks)
What are the various components of GIS? Briefly descrfb the1r functions. (10 Marks)

* %k %k k %
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Q.1la

Protective relays play a critical role in safeguarding electrical systems from potential failures
and catastrophic events. These devices monitor the health of the system and initiate actions to
mitigate risks. However, like any other electrical equipment, protective relays require regular
maintenance and testing to ensure they operate effectively. Protective relays act as guardians,
constantly monitoring electrical equipment and circuit performance for abnormalities. These
relays help minimize the risk of equipment damage, prevent electrical fires, and ensure operator
safety. Moreover, they are crucial in maintaining power quality and stability in a range of
applications, including power transmission and distribution systems, industrial plants, and even
in residential homes.
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Q.2.a

)
T

Working Principle of Thermal Relay:

A thermal relay works depending upon the above mentioned property of metals. The basic
working principle of thermal relay is that, when a bimetallic strip is heated up by a heating coil
carrying over current of the system, it bends and makes normally open contacts.

Construction of Thermal Relay:

The construction of thermal relay is quite simple. As shown in the figure above the bimetallic
strip has two metals — metal A and metal B. Metal A has lower coefficient of expansion and
metal B has higher coefficient of expansion.

When over current flows through the heating coil, it heats up the bimetallic strip.
Due to the heat generated by the coil, both of the metals are expanded. But expansion of metal
B is more than expansion of metal A. Due to this dissimilar expansion the bimetallic strip will
bend towards metal A as shown in the figure below.

The strip bends, the NO contact is closed which ultimately energizes the trip coil of a circuit
breaker.

The heating effect is not instantaneous. As per Joule’s law of heating, the amount of heat

generated is
H x I’Rt
Where, | is the over current flowing through the heating coil of thermal relay.

R is the electrical resistance of the heating coil, t is the time for which the current I flows
through the heating coil. Hence from the above equation it is clear that, heat generator by the
coil is directly proportional to the time during which the over current flows through the coil.
Hence there is a prolonged time delay in the operation of thermal relay.

That is why this type of relay is generally used where over load is allowed to flow for a
predetermined amount of time before it trips. If overload or over current falls down to normal
value before this predetermined time, the relay will not be operated to trip the protected
equipment.

A typical application of thermal relay is overload protection of electric motor.

Q.2.b
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Microprocessor-based ~  relay,

" " worKs™

on

numbers

representing instantaneous values of the signals. Hence,

they

are named

numerical

relay.

Other

popular

nomenclatures for such relays are digital relay,computer-
based relay or microprocessor-based relay.

and which actually runs the relay.

generally is the software.

Conventional relay performs comparison only .
The numerical relay does not have any such limitation

In numerical relays, the software, runs in the background

What distinguishes one numerical relay from the other

because of its ability to perform real-time computation.

num

erical technique.

Existing relaying concept can be implemented using the

The possibilities of developing a new numerical relay are

almost endless and there is very little standardization.

Q.2.c
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Principle of Operation of Impedance Relay

In the normal operating condition, the value of the line voltage is more than the current. But when the
fault cccurs on the line the magnitude of the current rises and the voltage becomes less. The line current
is inversely proportional to the impedance of the transmission line. Thus, the impedance decreases
because of which the impedance relay starts operating.

The figure below explains the impedance relay in much easier way. The potential transformer supplies
the voltage to the transmission line and the current flows because of the current transformer, The
current transformer is connected in series with the circuit.

Consider the impedance relay is placed on the transmission line for the protection of the line AB. The 2 is
the impedance of the line in normal operating condition. If the impedances of the line fall below the
impedance 7 then the relay starts working.

Let, the fault F1 occur in the line AB. This fault decreases the impadance of the line below the relay
setting impadance. The relay starts operating, and its send the tripping command to the circuit breaker,
If the fault reached beyond the protective zone, the contacts of the relay remain unclosed.

Operating Characteristic of an Impedance Relay
The voltage and the current cperating elements are the two important component of the impedance

relay. The current operating element generates the deflecting torgue while the voltage storage element
generates the restoring torgue. The torgue equation of the relay is shown in the figure below

Tzk-llz—kzvz—kg

The -K3 is the spring effect of the relay. The V and I are the value of the voltage and current. When the
relay is in normal operating condition, then the net torque of the relay becomes zero.

kzvz = klfz_ .II{S

If the spring control effect becomes neglected, the equation becomes

4= tin X Constant
ks



The operating characteristic concerning the voltage and current is shown in the figure below. The dashed
line in the image represents the operating condition at the constant line impedance.

Principle of operation of an Impedance Relay

wenit Glol

The operating characteristic of the impedance relay is shown in the figure below. The positive torque
region of the impedance relay is above the operating characteristic line. In positive torque region, the
impedance of the line is more than the impedance of the faulty section. Similarly, in negative region, the

impedance of the faulty section is more than the line impedance

Q4.b

Q4.c
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Operating schemes which are used in wire pilot protection

1. Circulating Current Scheme
2. Balanced Voltage (or Opposed Voltage) Scheme
3. TransleyScheme
4. Half-Wave Comparison Scheme
Transley Scheme
» ltisof the balanced voltage type and is suitable for pilot circuits up to a loop resistance
of 1000 ohmes.

» Associated with the CTs at each end is an induction disc type relay whose secondary
circuits are connected in opposition by Pilot Wire Protection Relay.

« Summation of the secondary line current is carried out in the tapped winding of the
upper electromagnet of the relay.

» The upper electromagnet system acts as a quadrature transformer and produces at the
pilot terminals a voltage which varies with the primary current.



* No current will flow in the circuit under normal conditions; whereas in the case of a
fault there is a discrepancy between the currents flowing at the two ends which will
cause a resultant difference between the secondary voltages and thus a current in this
circuit.

Under such conditions when the current flow occurs in both the upper and the lower
magnet the relay operates.
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OVER CURRENT OVER CURRENT
RELAY (1) RELAY (2)

Fig. %.)5 . Through fault condition Differential Protection

based on balanced voltage principle.

Q0 —e Operaung oot
RC —= Resrsmwng o
C B —» Cicul breaker
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Fig.& 2] Merz-Price protection for star connected alternator
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It causes an alarm 0 sound and alert the operator. For reliable opera-
tion, a mercury switch is attached with the float. Some manufacturers usec
open-topped bucket in place of a bob. When the oil level falls because of gas
accumulation, the bucket is filled up with oil. Thus, the force available wo
operate the contacts is greater than with hollow fMoats. The accumulated gas
can be drawn off through the petcock via a pipe for anal ysis 10 know the type of
fault If there is a severe fault, large volumes of gases arc produced which
cause the lower float w0 operate. It finally trips the circuit breakers of the

transformer.
; O)\thg_.m
] o

(=) )

MGURE 6.12 (a) Transformer tank, Buchholz relay and conservator
(b) Buchholz relay

The buchholz relay is a slow acting device, the minimum operating time is
0.1 s, the average time 0.2 s. Too sensitive settings of the mercury contacts are
not desirable because they are subjected o false operation on shock and
vibration caused by conditions like carthquakes, mechanical shock o the pipe,
tap changer operation and heavy external faults. This can be reduced by
improved design of the mercury contact tubes.

Q.6.c

Buchholz Relay
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Recovery Rate Theory

The arc is a column of ionised gases. To extinguish the arc,

the electrons and ions are
(o be removed from the gap immediately after the current reaches a natural zero, lons

and electrons can be removed either 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 jonisation. In this method, the rate at which the gap recovers its dielectric
strength is compared with 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 dielectric 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 14.5 explains the principle of recovery rate theory.

> o
Dielectric Restriking
Strenglh vonage ‘
Sk Dielectric
ol Restriking ) — h
g voltage g strengt
= S
Time ——— Time >
(a) Arc extinauishes (h\ Aen A ot avtinauish

Energy Balance Theory

The space between the

‘ o . diate
contacts contains some ionised gas imme
current zero and hence, ith

as a finite post-zero resistance. At the current zeron
power is zero because restricking volt-
age is zero. When the arc is finally
extinguished, the power again becomes
zero, the gap is fully de-ionised and its
resistance is infinitely high. In between
these two limits, first the power \
increases, reaches a maximum value,
then decreases and finally reaches zero t=0 Time —
value as shown in Fig. 14.6. Due to the Fig. 14.6 Energy balance theory
i iki ¢ and associated
let:r :;;f::g;%: (;lt::gmtcd in the space bcl»yeen the contacts. Thc energy upp'cars
in the form of heat. The circuit breakc_r is designed to remove this gc?ncral.cd heat as
1 ossible by cooling the gap, giving a .blast of air or flow of oil at high velf)c-
G If the rate of removal of heat is faster than the rate of heat generation
1 Presssu‘i. ished. If the rate of heat generation is more than the rate of heat dis-
(sl:; n;:(c) : Sltl:;al::‘; bre;lks down again resulting in an arc for another half cycle.

/
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(b) Transient voltage across the gap of the circuit breaker

Fig. 14.13 Interruption of capacitive current
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9.9 Air Blast Circuit Breaker

In air blast circuit breakers compressed air at | : '.
! pressure of 20-
employed as an arc quenching medium. Ajr : 20-30 kg/em® is

f\n air-blast circuit breaker may be either of the folloWing two types.
() Cross-blast Circuit Breakers.
(if) Axial-blast Circuit Breakers.

.004 -
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9.9.1 cross-blast Circuit Breakers

1 S
12 Cross-b]agt type circuit breaker

pelIN‘chli(:ularly to the arc for its int

, & high-pressure blast of air is directed
dlic djg

erruption. Figure 9.18 (a) shows a sche-
: 8ram of a cross-blast type circuit breaker. The arc is forced into a
table oy

nirg ute. Sufficient lengthening of the arc is obtained, resulting in the

Switcd}?-c‘ion of appreciable resistance in the arc itself. Therefore, resistance
Ing r1s. Cross-blast circuit
livg) [€ Suitable for inte

teak 'S not common in this type of circuit breake
g & rrupting high current (up to 100 kA) at compara-
Y lower voltages,

Arc Splitters

N[

|, Fixed Contact

Opening ~<— L

L__J

l_—(

&

AL

Air Flow




14.19.3 Direct Testing

In direct testing, the circuit breaker is tested under the conditions which actually exist
on power systems. It is subjected to restriking voltage which is expected in practical
situations. Figure 14.30 shows an arrangement for direct testing. The reactor X is to
control short-circuit current. C, R, and R, are to adjust transient restriking voltage.
Short-circuit tests to be performed are as follows.

Master CB
CB X Transformer | dor test
«—J0000 Jl_l
) 5 3 |
Making =
switch
XG R RZ
1 —_—
G L =
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Non puffer type SF6 circuit breaker

This type of SF6 circuit breaker is widely used, hence we will discuss the
construction and working in detail.

SF6 gas

Insulating rods

Arc horn

Fixed
contact




Construction

The non-puffer type sf6 circuit breaker has an Interrupter part, the arc
quenching process is performed in this part.

It consists of two contacts, the fixed contact and the moving contact. Both
these contacts are hollow cylinders.

The fixed contact has arc horns connected with it as shown in fig. below.
These arc horns prevent the switching components during flashover.

The moving contact has rectangular gas outlets as shown in the fig. below.
The gas after the process of arc extinction moves out from these rectangular
holes.

The tips of arc horn and both contacts are coated with the copper-
tungsten arc resistant material.

The main arcing process is done in arc chamber as shown in fig. A SF6 gas
reservoir is connected with the arc chamber with a valve connected.

The valve is synchronized with the moving contact of the circuit breaker. It
means, as soon as the moving contact separates from the fixed contact during
any fault, then the valve of SF6 gas tank will automatically open and flow of
gas will inlet to the arc chamber.

Working

Initially the contacts are in closed position surrounded by the Sulphur

hexafluoride gas (SF6) at a pressure of around 2.8 kg/

When there is a fault in the system then the moving contact begin to separate
from the fixed contact.

According to the arc interruption theory, the surrounding medium will ionise
and arc will be struck between the contacts.



The valve connected with the SF6 gas tank will open and now the pressurised
gas will come in the arcing chamber, now the pressure in the chamber is

around 14 kg/

Now, SF6 gas will flow through the arc and it will quench the arc in very short
time as explained earlier.

After the extinction of arc and interruption of current, the gas moves out from
the gas outlets and with the suitable methods, the gas gets recombined and
reconditioned for further use.

Q.8.c
Q3b
Figure 14.2¥ shows the schematic dia- Time —» \/

gram of a HVDC circuit breaker. It consists '

of a main circuit breaker MCB and a circuit ~ Fig.14.27  Artificial current . ein d.C
to produce artificial current zero and to suppress transient voltage. The main circuit
breaker MCB may either be an SFg or vacuum circuit breaker. R and C are connected
in parallel with the main circuit breaker to reduce dv/dt after th.e final current zero. L
is a saturable reactor in series with the main circuit breaker. It is used t9 re.duce dlldt
before current zero. C, and L, are connec‘ted in parflllel' to Produc;: ar;:f(c::gl Zu;rs:_t
zero after the separation of the contacts in the main circuit bfea er i e
linear resistor is used to suppress the transient overvoltage which may be produc

across the contacts of the main circuit breaker.

%’:{P L s

Fig. 14.28 HVDC circuit breaker

triggered vacuum gap, is switched immediately after the
is a

ts of the main circuit breaker. The capacitor C, lsdprechaf‘:;ed (n:n

opening of the contac in the figure. When S is closed, the prechargc capaci [orm b

the direction 23 o éin circuit breaker and sends a current in opposition o the

discharges through rn will force the main circuit current to become zero with a
s

. ~ircuit current. Thi . e
l{;:ll:alttions he arc 18 mtcrrupted ata
fawr 0SCL ;

Switch S, which
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"I?g;::kcﬂtigh Rupturing Capacity (HRC) Cartridge Fuse

uses ith i i i

i frommm—; ::P;r\i\g‘l:; ldnicsl::;lsmg rupturing capacity on the distribution systcm
e vantages suffered by the semi-enclosed rewirable

In an HRC fuse, the fu ==
s conplotely e fuse element surrounded by an inert arc quenching medium
y osed in an outer body of ceramic material havi ood i
cal strength. The unit i i Ving Jovkd SResim-
Ppariashy . itin wt.uch the fuse element is enclosed is called ‘fuse link'. The
i 1s repla(fcd \fvhen it blows off. In its simplest form (Fig. 15.5), an HRC fuse
c?n5|s(§ of a cylindrical body of ceramic material usually steatite, pure silver (or
bimetalic) element, pure quartz powder, brass end-caps and copper contact blades.
The f\fse element is fitted inside the ceramic body and the space within the body sur-
rounding the clement is completely filled with pure powdered quartz. The ends of the

fuse element arc connectéd to the metal end-caps which are screwed to the ceramic
d contacts (contact blades) are welded to

body by means of special forged screws. En
arc bolted on the stationary contacts on the

the metal end-caps. The contact blades
panel.
panel. B
Pure Quartz Powder )
Brass End Cap
Fuse Element

Fig. 15-5

lic in nature. Normally, the fuse
ans of a tin joint. The fuse
orm of a long cylindrica because alter melting. it
of droplets and an arc will be struck between cach of the droplets.

11 be struck. The purpose

jets will also evaporite and a long arc wi
the formation of u long arc. As the melting point of tin

tver, tin will melt first under fault condition and the
emperature. The shape of the

ilver or bimeta
ined together by me
| wire is not used,

s either pure §

e element i | :
The rus two or more sccllons _]0

n ‘
will form @ ss‘c"“;fop
e ti int is 10 prevent ;
of "% © " ower than that of si .
is of tin will prevent silver from attaining & high t
fuse climcm depends upon the characteristic desired.
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(i) Expulsion type lightning
arrester

This type of arrester is also known as
Expulsion Gap or Protector Tube. It
consists of a fibre tube with an elec-
trode at each end. The lower electrode
is solidly grounded. The upper elec-
trode forms a series gap with the line
conductor, as shown in Fig. 16.16.
When a surge appears on the conduc-
tor, the series gap breaks down, result-
ing in formation of arc in the fibre
tube between the two electrodes. The
heat of the arc vaporises some of the
fibre of the tube walls resulting in the
gencration of an inert gas. This gas is
expelled violently through the arc so
that arc is extinguished and the power
frequency current is prevented from
flowing after the surge discharge.

-——1——- Line
External
I / Series Gap

7////// «—— Upper Metal Electrode

<+—— Fiber Tube

le
f—

N

| —

+—— Bottom Metal Electrode

F
NN
NNNNNN

T

Fig. 16.16 Expulsion type lightning arrester

Vent for Gases



1181 Rod Gap

A tod gap provides the
equipment insulators and b

simplest and cheapest protection [0 line insulators,
ushings of transformers. It is clear that in case of

serious overvoltages, the over-insulation of any one part of the power system

miy Cause the breakdown of the insulation of some vital and perhaps inacces-

E oy ATF §0 iy

sible part, Thus, 1t1S preferred that Itis the line insulators that flashover rather
down. Again, itis preferred thata

:an the bushings of a transformer breaking
hushing breakdown before the insulation of the iransformer of which it forms a
Busning ﬁ part. In the case of transformers,
rod gaps which are also called co-
nstalled to pro-

Insulator
3) " ordinating gaps are i
Rod gaps pro-
tion to the bush-

tect the apparatus.
rmers in case of the

F vide back-up protec
- R ings of transfo
L g Li>73 primary protective devices, i.¢. light-
H ning arresters fail.
A rod gap consists of two rods of
approximately 1.2 cm diameter OF

square, which are bentat right angles
as shown in Fig: 11.13. One rod is

Fi
I8URE11.13  Rod gap

connected to : :
transformer :gz line while the other rod is connected to
cascading a;mssylhar? fixed between bushing iﬂsllla[orsgmund' I cas,
82p should be adjusied v oo rig
flashover v rcakdown at about 20 Way. id
oltage of the i i per cent bel %, the g
bushing i insulation of the equi OW the 1 10
n uipm im
betWeei m:“;lor odf a qmsformer in Fig.q1£ 13‘;"‘;3 be Protecteq (;
p and the insulator should be more than oxrxtellethr’irlhe di“ag;
d of the
8ap

e > e
h

insulator, Th

predicted bec:uguhrate breakdown value of the rod ga

tions (i.e., humidi e breakdown of air depends upon ﬂip cannot easily |,

ness and the ty, temperature and pressure), as al atmospheric copq:
The majOrv:l?vwhape of the wave. 7 SRESC AR0I Pl st::;:

frequency {OI](‘)S\:d:amage of therod gap is that it does n;)t il

every operation of u‘:mm after the surge has disappea e.c:n“m'-m)t the poyer

by the operation of fhmd,gap_creates an LG fault which c This means (py

results in circuit ¢ circuit breaker. Thus, the can only be cleareg

it outage and interruption of po’w 2 sgge:anon of the rod 3
X ply.
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11.10 Insulation Coordination

Insulation Ccoordination is the correlati
‘ment and lines with the characteristi

on of the insulation of electrical equip-
cs of protective devices such that the

insulation of the whole power system is protected from excessive overvoltages,
The main aim of insulation coordination is the selection of suitable valyes

B
A

Time ——

FIGURE11.24  Volt-time curves of
protective device and

the equipment to be
protected

protective device of curve A,

11.10.1 Volt-time Curve

The breakdown voltage of any insulation
depcnds upon both the magnitude of the vo|

breakdown characteristics of equip-
ment and protective devices, in order
0 obtain maximum protective mar-
gin at a reasonable cost. The volt-
time curves of equipment to be pro-
tected and the protective device are
shown in Fig. 11.24. Curve A is the
voit-time curve of the protective de-
vice and curve B is the volt-time
curve of the equipment to be pro-
tected. From volt-time curves A and

or the flashover voltage of a gﬂl;
tage and the time of application 0



: Thl(.' n:,co::) :;r?;,‘ ;:wc IS a gl_'aph of the crest flashe

0 instti lggin cr for a serics of impulsc appli i an

1 e 'Th.c co?btrtnctlpn of the volt-time curve 1‘:1(1(::1.&:")““,[" e

e d Vn'h m::p: ;:Slccjlmg are shqwn in Fig. 11.25, The :) ll-nnmfjlogy

*'c‘.alt-limc curve| on the application of impulse volt: -

! ¢ but of different peak values to the insulalior; whos:{;::;lotf' st
-lime curve

' rcshap .
V0% o, 1f an impulse voltage of agiven wave shape and polarity is adjusted
sadjuste

jred® imen (i icular i
nat the est specimen (i.c. a particular insulation) flas
L e f vl e
qvedt which flashover 0cCurs is called front flashover. If an impulsc volta "
of same wave shape is adjusted so that the test specimen flashes over o llg\c
il 0 the wave at 50 per cc!lt 0,[ the applications and fails to flashover 0“ mﬁ
oher 50 per centof the applications, the crest value of this voltage is callc?l mc
itical flashover voltage. If an impulse voltage causes ﬂashover‘of the t #
imen exactly at the crest value, then it is called crest flashover. If ﬂast':o::cs:)t
not take place, the wave is called a full wave and if ﬂashm;cr does tak::
ace, the wave is called a chopped wave. The applied impulse voltage reduced
1o just below the flashover voltage of the test specimen is called the ‘critical
withstand voltage. The rated withstand voltage is the crest valuc of the impulsc
wave that the test specimen will withstand without disruptive dischargc.

. - p—_— 'l.l bbb Fﬂf Q i i
Figure 11.25 illustrates nr an acamed fmoulse, IS WAV Tramt, JAshioves

Wave Front Flashover
\Voltage Range
o 1; Front Flashover : Wa\s//: Tail Flashover
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> ", : Volt-Time Curve
N, Y_ .
Critical S— a1l flashover Critical Flashover
Fi e 50% of Applications
Flashover / / R W Slashovers
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s A e | [
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Wee Front Flashovel
Flashover
__» Time in Mlcrosecond
time curve and the terminology associated

Fl
GURE 11.25 Construction of volt
with impulse testing
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17232 Modules/Components of GIS
The following are the principal modules insulated by SF, gas in a GIS:

(i) Busbar

(i) Isolator or disconnector
(iii) Circuit breaker

(iv) Current transformer
(v) Earthing switch

The auxiliary gas insulageq m
(o complete a GIS are

(i) Instrument voltage transformer
(il) Surge and lightning arreg(er
(iti) Terminations

~n L .



Circuit Breaker

The circuit breaker is the most critical module of a GIS system. It is metal-clad and
utilises SF4 gas, both for insulation and fault interruption. Puffer type SF, circuit
breakers are commonly used to accomplish fault current interruption in GIS.

Current Transformer :

The current transformers used in GIS are essentially in-line current transformers.
Gas insulated current transformers have classical coaxial gcometry and consist of the
following parts: the tubular primary conductor, an electrostatic shield ribbon-would
toroidal core and the gas-tight metal enclosure filled with SE, gas. The primary of a
current transformer is a tubular metal conductor linking two gas-insulated modules,

placed on either side of the current transformer. A ribbpn-wound silicon steel core
formed in toroidal shape is used for the magnetic circuil of the current t{'amforxucr.
A coaxial electrostatic shield, at ground potential, is placed between the hlgh:VOlt(lgc‘
primary and the toroidal magnetic core of the current transformer for ensuring zero
potential at the secondary of the current transformet.



Earthing Switch kgl
Earthing switches used for - {1 The mai
ing switch and fast earthing Swi L .nductors d
used to ground the high vo!tﬂg“- ::cc staff. On
ensure the safety of the “.mm.tu?‘ nected instrume
is used to protect the circuit-con

are of two types, namely, mai.ntcnuncc call'}l‘l-
it ance earthing switch is a slow device
L‘i‘i‘;‘g maintenance schedule, fn ,mdc: tl(:
the other hand, the fa?t curthx‘mD switc

nt voltage transformer from core

saturation caused by direct current flowin g through its prim'ary as aresult of remnan
charge (stored online during isolation/switching off the lll:]c). In such a Situatiop,
the use of a fast carthing switch provides a parallel lf)w resistance path to drajp the
residual static charge quickly, thereby protecting the instrument voltage transformer
from the damages which may be caused otherwise.

The earthing switch is the smallest module of a GIS. It is made up of two parts: 5

fixed contact located at the live bus conductor and a moving contact System mounteq
on the enclosure of the main module.
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