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1-2 B (EN-Som-7) Protection Scheme

PART-1
Need for Protective Systems.

Questions-Answers

Protection Scheme
Long Answer Type and Medium Answer Type Questions

Que 1.1. I Explain protective system along with its clements.

~

CON TEN TS Answer I
A. Protective system :
Part-1 : Need for Protective SyStems ... 1-2B to 1-3B 1. An EIEftI'_iCﬂl power system consists of generators, transformers,
B transmission and distribution lines, etc.
Part-2 : Evolution of Protective Relays.......... 1-905r0:1-48 2. Short circuits (faults) and other abnormal conditions often occur in a
wer system.
Part-3 : Zone of Protection ..o 145 to 1-6B PO d y _
3. The. high current associated with short circuits is likely to damage the
1-6B to 1-8B equipments, if the suitable protective system is not provided for each

section of the power system.

1-8B to 1-9B 4.  Under fault condition, an automatic protection device is needed to isolate
faulty element as quickly as possible to keep the healthy section of the

Part-4 : Primary and Back-up Protection ............

Part-5 : Essential Qutﬂities of st Al A L n RN

Protection
Part-6 : Classification of Protective ............ 1-9B to 1-10B system unaffected.
Schemes 5. If the faulty element is not isolated with in a fraction of second, the
heavy short circuit current may even cause fire. It may spread in the
Part-7 : Automatic Reclosing.........ccccoerreeeseveree 1-10B to 1-12B system leading to loss of synchronism between the generators of same
: power station or different power stations.

1-12B to 1-14B B. Elements of protective system :
The protective system includes circuit breakers, transducers (PTs and
CTs) and protective relays to isolate faulty section from healthy one.

Part-8 : Current Transformer {or ......cccooceveernnnns
Protection, Potential Transformer y

1-14B to 1-15B

Part-9 : Summation Transformer, ......ccccceuununnnn
Phase Sequence Current- 2.  Their functions are :
Vi Segregating Network 2, L  Acircuit breaker disconnects the faulty element of the system from the
healthy sections when actuated by protective relay.

Transducer.s (CTs and PTs) reduce the actuating quantities (current,

.
voltage etc.) to lower values so as to isolate the protective relays from
high voltages of the power system.

ii. The protective relay detects and locates the fault and issues a command

to circuit breaker to disconnect the faulty section. It monitors the electrical
quantities (current, voltage, phase angle and frequency) that vary under

normal and abnormal conditions.

1-1B (ﬁN—Semﬂ} -
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Power Nyatom Protection
Instond of using analog signals, the digital relay converts all measured
analog quantities into digital signals.

1). Fourth generation protective relays (1080 -1990) ;

Answer I ! I'he numerical relays are fourth generation relays. Numerical relays
woro mainly designed to meet the static relay protection characteristic.

ﬁauﬁ 1.8, ] What nre (he neods of protootive systom employed iy 2

[
pwor 8y mlom

Neod of protootive systontd
1 It is needed for the protection of short elrenit condition arising in a 2  Now-a-days modern numeric orotoction devices sre capable of providing
jower Aysiont, complete protection with added functions like control and monitoring.
5 To minimiee damage to the ayatein componoents involved in the fallure,
PART-3

1 Protective systoma are apocialized nystom that monitors the power
h ol ‘ - - onditions and thon inftin

avatom, detecting faulta or abnormal cor ting AT T
correc' 've action.

atlon of service interruption whenevoer =
wiion of the systom,
v Questions-Answers

Long Answer Type and Medium Answer Type Questions

4 Limit the extenl andd duor
equipment (nilure veeurs N any

[_PA RT-2

Evolution of Protective Relays. 3
= o Que 14. I What is a relay ? Explain the role of contacts in a relay.

-

] e

—

. T e —

wWhat Is nn Auxiliary Switch ?

Questions-Answers
Answer I

Long Answer Typeo and Medium Answer Type Questions

: e ——— = - A A [Relay:
I ; ovolution of protective relays. 1. Relayis ﬂ'dE\'.iCE which detects the fault and is responsible for energizing

@SS LA Explain tho ovo : Y the trip circuit of a circuit breaker. This isolates the faulty part from rest
:——' of the system. The relay operates when the resultant torque is positive.
ARETEE ; 9 Circuit for relay is shown in Fig. 1.4.1. Relay circuit is a 3-phase circuit

The evolution of protective relays begins with the electromechanical and its contact circuit is complicated.

relays. Over the past decado it upgraded from electromechanical to solid Busbar

state technologies to prodominate uso of microprocossors and —-Trip py Sm—

microcontrollers. Battery E Trip circuit

A First generation protective relays (1000-1963) :
 Electromechanical relays aro tho first generationrelaying systom.

9  There wore two basic types of operating mechanisms: the
olectromagnetic-attraction rolay and olectromagnetic-induction relay.
B. Second generation protective relays (1963-1972) :

1.  The static relays are second gencration relays.

The term ‘static’ implies that the relay has no moving mechanical parts
in it. Compared to the electromechanical relay, the static relays has
longor lifo-span, decreased noise and faster respond speed.

C. Third generation protective relays (1972-1980) :
1. The digital relays are third generation relays. The digital relays use

microprocessors and microcontrollers.
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d. The current transformer 1s connected wiy),
to be protected. The secondary of O is

Power System Protection

Let part A is tobe protecte

3. .
its primary around the linc

connected in series with the relay coil. | |
trip circuit of circuit breakor. In addition ¢,

Vav s are part of the _
tl:::m]gu::;:?:i.t t:'ip cFiJrcuit consists of trip coil and a battery.
If the fault is as shown in Fig. 1.4.1, then current (llhl'ﬂ!ugh the ling
¢onnected to A increases to a "F"'—'".l”gh \*{llue. Accordingly Hﬂ'cundnry
current of the CT increases which is nothing but the current through

relay coil. .
In the influence of such high current, relay contacts mechanically geq

closed.
So trip circuit of circuit breaker gets closed and current starts flowing

?I - L] -
: +h trip coi | gets energized making (he
from battery through trip coil, thus trip coil g g the
circuit breaker open. This isolates the faulty part from rest of the healthy

part.

B. Auxiliary switch :
An important device in trip circuit is auxiliary switch. It is a multipoin

switch. This switch is mechanically coupled with the operating

C——

mechanism of circuit breaker.

So when circuit breaker opens, auxiliary switch also gets open, when
this switch gets open, it breaks current through the trip circuit, once the
current is interrupted the relay contacts come to normal condition,

3. Advantage of auxiliary switch is that breaking of trip circuit takes place
only across the switch, so arcing due to current interruption across

relay contacts can be avoided.
Que 1.5. , What do you understand by zone of protection? Discuss

various zones of protection with the help of single-line diagram.
AKTU 2019-20, Marks 07

| B
:

Answer ,

L A power system contains generators, transformers, bus bars,
transmission and distribution lines etc. There is a separate protective
scheme for each piece of equipment or element of the power system,

2. Thus, a power system is divided into a number of zones for protection, A

protective zone covers one or at the most two elements of a power

system.

3. The prqtectiva zones are planned in such a way that the entire power
system is collectively covered by them, and thus no part of the system is
left unprotected. The various Protective zones of a typical power system

are shown in Fig, 1.5.1,

Protection Seheme

1-6 B (EN-Soem-7)

<— (enerator protection
Circuit breaker
J"‘"‘ HV Switchgear protection
11— Transformer protection

<= EIV Switchgear protection

ahaw

<¢+—— Transformer line protection

EE R T LT

<= EHV Switchgear protection

Fig. 1.5.1.

Adjacont protective zones must overlap each other, failing which a fault
on the boundary of the zones may not lie in any of the zones and hence
no circuit breaker would trip. Thus, the overlapping between the adjacent

zones is unavoidable.

[fa fault oceurs in the overlapping zone in a properly protected scheme,
more circuit breakers than the minimum necessary to isolate the faulty
element of the system would trip,

Arelatively low extent of overlap reduces the probability of faults in this
region and consequently, tripping of too many breakers does not occur

frequently,
As shown in Fig. 1.6.2, when a fault is scen ot X, the circuit breaker of

zone B, including breaker C will be tripped. This will not interrupt the
flow of fault current from zone A,

)

nnnnnnnn

------------

--------------

LU L B

Fig. 1.5.2, Blind spot.

Equipment of zone B must trip certain breakers in zono A, This is alright
with fault at X but for faults in zone B to the right of circuit breaker C,

the operation of breakors in zone A is useless.

8.

R e B e

| PART-4
l Fa K Syt : ;a:*q..-.-_ ‘.Prtma'y a”d Bach-up Prﬂfﬂﬂfﬂﬂ-

_—

bl B el S 2
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Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.6. l Explain what do you understand by primary and backup

protection, What are the various methods of providing backup

protection ? AKTU 2017-18, Marks I(TI
OR %
Explain primary and secondary backup protection.
AKTU 2020-21, Marks 07
Answer l

A.  Primary and backup protection :
1. A power system is divided into various zones for its protection, There is
a particular scheme for each zone.

2. Ifthe fault occurs in a particular zone, it is the duty of primary relays of
that zone to isolate the faulty portion.

3. Ifbecause of some reason the primary protection fails to clear the faul
then the backup protection has to clear it.

4. The backup relays are made independent of those factors because of
which the primary relay failed. A backup relay operates after some time
delay so as to give the primary relay suflicient time to operate.

5. When a backup relay operates, a large part of the power system is
disconnected from the power source, which is unavoidable. A backup
relay is usually placed at different stations.

B. Methods of providing backup protection :

1. Relay backup : This is a local backup in which an additional relay is
provided for backup protection. If the primary relay fails, it trips the
same circuit breaker and it does so without any additional delay. This
backup is costly, so preferred only when remote backup is not possible,

2. Breaker backup:

L. This is also a local backup. It is necessary for busbar system where a
number of circuit breakers are connected to it. When a protective relay
operates in response to a fault but circuit breaker fails to operate, the
fault is treated as busbar faults.

i It is necessary that all the circuit breakers on the busbar should trip. If
the proper breaker does not trip within a specified time, the main relay
closes the contact of the backup which trips all the circuit breakers.

:

1-8 B (EN-Sem-7) Protection Scheme

—

3

Remote backup : When backup relays are located at neighbouring
stations, they backup the entire primary scheme which includes relay,
circuit breaker, PT and CT. It is the cheapest form of backup protection
and used for transmission lines.

PART-5
Essential Qualities of Protection.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

i

‘Que 1.7. I Write the essential qualities of protection.

Answer |

R0 TP

iii.

1v.

Qualities of protection system :

Reliability :
A protective relaying should be reliable in its basic quality. It indicates
the ability of the relay system to operate under predetermined conditions.

Every component and circuit which is involved in the operation of relay
plays an important role and reliability of a protection system depends on
the reliability of various components like circuit breakers, PTs etc.

The reliability is based on the design which can be achieved by factors
like :

Simplicity

Robustness

High contact pressure

Good workmanship and careful maintenance.

Selectivity : The selectivity is the ability of the relay to iFlentify the
faulty part correctly and disconnect that part without affecting the rest

of the healthy part of the system.

Discrimination : The discrimination quality of the protective system is
the ability to distinguish between normal condition and n.blnurmul
condition and also between abnormal conditions within protective zone

and elsewhere.

Speed:
The protective system must disconnect the faulty system as fast as

possible.
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[f the faulty system is not disconnected for along time, then the dovi
carrving the fault current may get dnmugcfi. The high speed pmlﬂftiv,
svstem avoids the possibility of such undesirable effects.

Time:
The fault clearing time should be as small as possible ““;ﬁ-“ thana ﬁ'act.iun
of second) to have high speed operation of the protective system,
Although small fault clearing time is preferred but certain time lag is
provided to have clear diserimination between primary and backup
protection.
Sensitivity :
The relay should be sufficiently sensitive so that it can operate relinbly
when required. Sensitivity of the relay is smallest value of actuating
quantity at which the relay starts operating corresponding to th,
minimum value of the fault current in the protected zone.
Mathematically sensitivity is expressed by the factor called sensitivity
factor K_as
I
K= -

.
o

where, K, = Sensitivity factor
I, = Minimum short circuit curvent in the zone

I, = Minimum operating current for the protection,

Stability : The stability is the quality of the relay due to which it remains
inoperative and stable under certain specified conditions such as

transients, faults ete.

¥ e Y R T N U T . TR s

10 B (EN-Sem-7) Protection Scheme

————

9 The following are the most common protective schemes which are usually
used for the protection of a power system :

1.—

Overcurrent protection :
[t is uscd for the protection of distribution lines, large motors and

A

i
equipment.
[t includes one or more overcurrent relays. An overcurrent relay operates

. when the current exceeds its pick-up value.

p. Distance protection :
. Tt is used for the protection of transmission or sub-transmission lines,
1 usually 33 kV, 66 kV and 132 kV lines.

. A distance relay measures the distance between the relay location and
" L] -
1 the point of fault in terms of impedance, reactance, etc.

Carrier-current protection :

Carrier current protection is the most widely used scheme for the

l- ' d UHV lines, generally 132 kV and above.
protection of EHV an power lines, ge ;

[n this scheme a carrier channel of high frequency is employed.

ii  The frequency range of the carrier signal is 60 kHz to 700 kHz. The
" ower level is about 10-20 W. In this scheme, a conductor of the power

lines to be protected is used for the transmission of carrier signals.

p. Differential protection :
It is used for the protection of generators, transformers and motors of

very large size.
In this protection, CTs are placed on both sides of each winding of a

machine.
The outputs of their secondaries are applied to the relay coils. The relay

PART-6 : . compares the current entering a machine winding and leaving the same.
: v, Under normal conditions or during any uxterqal fault, _thuf current
Classification of Protective Schemes. 1R entering the winding is equal to the current leaving the winding.
- v Butinthe caseof an internal fault on the winding, these are not equal.
- " This difference in the current actuates the relay.
Questions-Answers «i Thus, the relay operates for internal faults and remains inoperative
Long Answer Type and Medium Answer Type Quuﬁ.m.' under normal conditions or during external faults.
__l PART-7
Que 1.8. | Give the classification of diffe 2 .
Qu _ 1 rent types of protective | " Automatic Reclosing.
schemes. o 22, %
Answer ,  Questions-Answers
1. A protective scheme is used to protect equipments or a section of the : ' = -
line. Long Answer Type and Medium Answer Type Questions
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Que 1.9. | What is auto re-closing ? Explain its various schemes,
OR

AKTU 2020-21, Marks oﬂ

Explain automatic reclosing.

Answer I
A Auto reclosing:
1 About 80-90 % of faults on over
are transent M nature These faults

are tripped momentarily to i;a!ate t

2  The disconnection of the line from

extingusb. . ' -

3. The line 1» reenergized again by reclosing arcuit br.eake“ to-” it

" norma) sopply after the arc path bEfomes sufficiently deionised
Automatic reclosing of arcuit breakers is known as auto re-closing.

B. Types of auto re-closing :

a. Single-shot auto re-closing:

1 Most of the faults on EHV transmission lines are t:.lue to flashover across

ineulators caused by lightning. Because of the height of EHV lines, tree

branches are unlikely to cause faults. |
2 If some physical conducting objects are dropped on EHV hn.es by birds,
they are vaporized instantly due to large amount of power in the are,

3 Consequently, there is no need for more than one reclosure in case of

EHV transmission lines.
reclosing scheme, only one reclosure is made.

4. Ina single-shot auto- .
The reclosure should be made as quickly as possible so that there should

not be any appreciable drift in phase angle between the voltages at the

two ends of the open line.

h. Multi-shot auto re-closing :
A multi shot auto re-closing scheme provides more than one automatic

reclosures. On radial lines, one instantaneous reclosure is provided,

(ollowed by 2 or 3 more delayed reclosures if necessary.
Actually 80 % of the faults are cleared after the first reclosure, The

2
wecond reclosure is made after a delay of 15 to 45 seconds.
About 10 % of the remaining faults are cleared after the second reclosure,

The third reclosure is made after 60 to 120 s.
Leas than 2 % of faults require the third reclosure. If a fault is not
cleared after three reclosures, there is an automatic lock-out of the

head transmission and distribution lines
disappear if the hne arcuit breakerg
he line.

the system permits the arc to

=N

L

reclosing relay.
The usual practice is to reclose the circuit breakers three-times. The

fourth reclosure, if required, can be made by hand. If the fourth reclosure
fails, there is clear indication of a permanent fault.

Single-phase (single-pole) auto re-closing :

In a single-phase auto-reclosing (single-pole auto-reclosing) scheme,
only the faulty phase pole of the circuit breaker is tripped and reclosed.

=N

—_— E T ——EERE ) . - — .
Jli MW‘ e ADMASERNE IV .

Ll

Protection Scheme

1-12 B (EN-Sem-7)

P

2 :‘:Eﬂrncitmlﬂuj*l?hﬂ-‘ﬂ (ault, all the three phases are simultancously tripped
3. Ina 5;fi;—phsse nut:o:lo-clnning. each phase of the circuit brenker s
scgre and provided with its own closing and tripping mechani

g mechanism

Three-phase auto re-closing :

I'_ndu thr;:ef:nso auto re~closing scheme, all the three phases are tripped

EE r;e:l:m when a foult occurs on the system, irreapective of types of

2 Itsrelaying }schemo is simpler and less expensive than the single phase
auto re-closing scheme. It is faster because of loas defonining time.

e. Delayed auto re-closing scheme :

1. When two s:z:ctlufts of a power system are connected through a number
'F'f transmission I'me systems, there is little chance of drifting them apart
in phase and losing synchronism.

2 Onsuchasystem, dglayod auto re-closing can be employed. We employ
delayed auto mucln_rsmg with dead times of the order of 6-6 &

3. The fnult. arc deionisation times and circuit breaker operating

charnf:terlstlca do not present problemas in such a scheme. Before

reclosing, power swings are allowed to sottle down,

| PART-B l

Current Transformer for Protection, Potential Transformer,

—— —

-

Questions-Answors

e e —

Long Answer Type and Medium Answer Type Questions

Que 1.10:] Discuss about the current transformer for protection

of power system.

FMIWOI‘_‘

1 Current transformers (CTs) are used to obtain reduced current signals
from the power systems for the purpose of measurement, control and

protection,
They reduce the heavy currents of the power system to lower values

that are suitable for the operation of relays and other instruments
connected to their secondary windings.
Besides reducing the current levels, CTys also isolate the relays and

instruments circuits from the primary circuit which is a high voltoge
power circuit and allow the use of standardized current ratings for

relays and meters.
The current ratings of the secondary windings of tho CTs have bheon

standardized so that a degree of interchangeability among relays and
meters of different manufacturers can be achioved.

.

*'ﬂ

L TR
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1-13 B (EN-Sem-7)

b.

6.

R.
L

il

Since the standard current ratings of the secondary windings of the C'I‘:
are b or 1 ampere the protective relays also have the same curren

nling. .
'11110 ft.ll'l‘[‘ﬂt transformers are designed to withstand fault currents (which
may be as high as 50 times the full load current) for a l.'uw seconds.

The accuracy of a current transformer is expressed in terms of the
departure of its ratio form its true ratio. This is called the ratio error, and

18 expressed s
uj} x 100
P
N = Nominal CT ratio

Rated primary current
Rated secondary current

Percent error =

where,

Number of secondary turns
"Number of primary turns

I = Secondary current

I = Primary currcnt
The ratio error of a ér depends on its exciting current.
There are three types of current transformers -
Electromagnetic ii. Opto-clectronic
Rogowski coil type.

Que 1.11. I Explain the working of potential transformer.

Answer I

1.

2,

Voltage transformers (VTs) are also known as potential transformers
(PTs).

They are used to reduce the power system voltages to lower values and
to provide isolation between the high-voltage power nelv:furk and the
relays and other instruments connected to their secondaries.

The voltage ratings of the secondary windings of the VTs have been
standardized, so that a degree of interchangeability among relays and
meters of different manufacturers can be achieved.

The secondary windings of the voltage transformers are rated at 110V
line to line,

Therefore, the voltage ratings of Lhe voltage (pressure) coils of protective
relays and measuring instruments (meters) are also 110V line to line.
The accuracy of voltage transformers is expressed in terms of the
departure of its ratio from its true ratio.

The percentage ratio error is given by,

vV

P
K = Nominal voltage ratio

KV -V
Percent ratio error = [_;] x 100

where,
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1l

There are three t}"pé;

Opto-electronic type.

- _Rated primary voltage
Rated secondary voltage

Number of primary turns
Number of secondary turns
V, = Secondary voltage, and
V = Primary voltage
of voltage transformers -
i Capacitor type

Electromagnetic type

PART-9

Summation Transformer, Phase Sequence
Current-Segregating Network.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.12. | Describe summation transformer with the help of neat

sketch.
Apswer I

1. Sununa:tiun transformer is used for converting the three-phase quantities
into a single phase quantity.

2 Summatmn trn'nsfnrmer i1s used during unbalanced or faulty conditions
in the system, in order to ensure the relay operates normally.

3. Fig. 1. 12.1IuJ‘Bhows a schematic diagram of a summation transformer
wher:e the primary windings are connected to the output terminals of
the line CTs, Fig. 1.12.1(b) and Fig. 1.12.1(c) show corresponding phase
diagrams.

4. The number of turns between R and Y phases is equal to those between
Y and B. But more turns are provided between B and neutral.

5. The output of a summation CT is given by

Inutput::(N+2}IR+(N+IJIY+NIB o I

6. Eq.(1.12.1) can be converted to their symmetrical components. Taking

R phase as reference we get,

ouiput =N+ 20U 41,4+ 1) + (N + 1) (@®, +al, + I)) + N(al, + a®l, + I,)
=3[, (IN+1)+1,(2+a*+a®N +aN +N) +1,(2+a +a®N +aN + N)
=3I, (N+1D)+1,(2+a*)+1,(2+a)

=K, + K I, +K,l, (1.12.2)
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Power System Protection 1-16 B (EN-Sem-7) 1-16 B (EN-Som.7
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1 e pfﬂt[‘t[iljn Scheme i
1 —
[-q—-— N + 2—»] =
T o o /‘\ — VERY IMPORTANT QUESTIONS
ollowing Questions q
re very i ;
Output Iy X} %:' may be asked iy, ynur-gE;.IS‘.'}g;\:lT:ST’m“ F Seied
e as well ay
l \3, \/ UNIVERSITY EXAMINATION,
b |
e . I
Y Q. 1. What aret |
(a) (b) (c) system ? he needs of Protective system employed in power |
Fig. 1.12.1, (0) Summation transformer Ans. Refer Q. 1.2,
(b) Phasor diagram of 3-phase input current
(¢) Phasor diagram of summated output for 3-phase Q.2. What do
_ L s : You understand by : .
balanced input current., V{Irmus Zones of pl‘ulcetio; :;:119 fl: prulectlun? Dnsm:ms
diagram. 1 the help of single-line
Que 1.13, ' Explain phase sequence current segregating network, Ans. Refer Q. 1.5,
Answer l Q3. E:;’tl:;?l “’hﬂ:- do you understand by primary and backup
1.  Asimple arrangement of phase sequence current segregating network g on. Vhilll are the various methods of providing
is shown in Fig. 1.13.1(a). 2w Rofe P prolection ?
2. The output of the network or any other kind of summation device can er Q. 1.6.
be given by Q.4. Wri
, L 2 ] . + 4o Write the essential qualitics i
fﬂutllut = Kol + K\1, + K,l, | o Ans Refer Q. 1.7, q ies of protection,
3. The constants K, K, and K,, depend on the device which is used to derive
a single-phase quantity from the 3-phase quantities. Q.56. Explain automatic reclosing
4. The phase-sequence filter giving an output in the form of 7, — K1, gives Ank Refer Q. 1.9 B
the most uniform response for any type of fault. The value of K may be
6 or 6. Fig. 1.13.1(b) shows a phase sequence filter of this type. Q.6G. Explain the working of potential transf.
; stormer.
I &A= Ank. ReferQ, 1.11,
Y o~ —
B o= I : Q.7. Dlt‘Htﬂll'ihc summation transformer with the help of neat
i hjrd s '[l.‘ E 1.
Positive phnseo PPositive sequence
m::uunm filter K, | network =4 Ans. Refer Q 1.12.
To CTa |
Negntive Mase !.{: Mixing
sequence flter KL [} - network K K, ©©©
N = |
Zero phase Negutlve sequence
sequence filter l, ' network ™1,
(n) (b)

Fig. 1.13.1. (a) Phase sequence filter network
(b) (K/, + K1) type phase sequence filter network.
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Electromagnetic Relay

2-1 B (EN-Sem-7)

TR A S SRR (D TR A Y ¢

2-2 B (EN-Soem-7) Relnys l

e — e ‘,
PART- 4

Relays : Electromagnetic Relays. ¥

B |
Questions-Answors :h
A ' {

Long Answer Typo and Medium Answor Type Questions .i

0 il ¢ Ll
Que 2.1, ‘I Explain eleetro-mechanical relays and show its types.

Give the principle and types of eleotromagnotic relay.

AKTU 2020-21, Marks 07

OoRr

Answer
A. Principle:
1. Electromagnetic relays are those relay which oporates on the principle

of electromagnetic attraction.
It is a type of a magnetic switch which uses the magnet for ereating o

magnetic field. Then that magnetic field is used for opening and closing
the switch and for performing the mechanical operation.

. Types:

Electromagnetic relay
|

v
Attracted armature Imiutt lon type
relays relays
Plunger relay + . 4
Balanced beam relay

Polarized relay

Induction
cup Lype

Induction
disc type

Shaded pole disc
Wattmeter Lypoe relay

PART-2
Attracted and Induction Type Relays.
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Vorli
Questions-Answers T input
> J| Questions o L S
Long Answer Type and Medium Answer Typo } : E
Que 2.2, I What are the different typos of attracted armature type T R | wnd
relays 7 Explanin why they are noisy. AKTU 2017-18, Marks 10
3 Tri
Answer | AN e
Fig. 22.1.
Attracted armature type relay : b. Balanced beam type reliy 1
» ¥ ' : L W
n.  Plunger type relay 1. The balanced beam relay operates on the balance principle, by comparing

Lwo quantities (Lwo currents, or one current and one voltage). It consists

1. The plunger moves when the coil is enorgized. The magnetic force
of abeam pivoted centrally (supported at middle)

attracts the plunger upwards. The spring pulls the plunger down when
the coil is not energized. hero o il : ‘
2. There aretwo coils on each side, energized by current (current balanced

Under the normal condition, the coil is not energized and conlact 18 beam relay) or by current and voltage (impedance balanced beam relay)
t [l

open. The plunger is set to move upward. The moving force is proportional Under normal condition, beam remains horizontal

to the square of current in coil. : .
l | . . ' 3. W}?un.llm operating torque or force exceeds the restraining torque, a
3. The threshold value of current at which plunger start moving upward is beam is pulled down and its contacts are closed (or tripped)

called pick up value of current. This relay can operateon AC or DObotR, 7
Tho typical operating time i8 b to 60 nscec,
Opecerating Principle :

1. Here electromagnetic force « $?, where ¢ is the [lux in air gap under

unsaturation C 0 =
: 2 ' ' pee | L.. Trip
2. Force « I?, where I'is actuating current and ¢ o / A o=
3 F=K]l*-K, o
where, I'= Net force
I, = Actuatling current (current in operating coil) Fig. 2.2.2,
K, = Constant Operating Principle:
= d_ 2
K,= Constant (restraining coil) L. l ; ilﬁ K.,
where, =
4. When contact is about to be made, F'= 0 ! CEt Tﬂrqiuu
. = Current in operati '
K|l*=K, ! e ‘m.g coil
I,= Current in restraining coil
K K,, K,= Constant
I, = —2 = Constant e
K, 2.  When, T=0

K= K,I}

L. 1%
12 KI

I'or the operation of plunger, current has to be greater than [/ "
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Tafnlil

I, Posilive torgue

'} (Tyip codl net K
T
e rnie!
thl
L Negative Loy l-u'*lhp
el ) not opeiate)
\ ldeal
| 'ﬁ—J.-1 e ———————— -"-'—"FI_:
Fig. 2.3,

o Polavired Qe relay )

1A relay whose operation deyps
ol voltage s called polanezed relay

sTatrnary core

mds upen direction of current and polarity
e current carrying coll will be the

s ueed for polanization The contacts are closed if

A permancot magnet
pickup value

current of operating coil exceeds the
iLs operating Lime between 2 msec Lo

It s highly senmatuve relay with
15 mmex
i It 1 DC polarized relay meant o be used with DC. This relay operates
only when input is applied with correct polanty

Trnp -
< -

} 77
1

Fig. 2.2.4.

B. Reasons : If restraining force produced with the help of spring is
constant then the relay armature will vibrate at double frequency. This

N

( AUSrS NOLEE .

Que 23. I Explain the working principle of electromagnetic relay.
Give its advantages and disadvantages along with applications,

AKTU 2016-17, Marks 16
A Working principle of electromagnetic relay : Refer Q. 2.1,

Page 2-2B, Unit-2

2.0 B IEN Sem-T) Nalav

(1. Advaninges

| [t can be used for both AC and [

J They have (ast aperation aned fast reast
| High operating speed

. Disadvaniages |

| High burden level instrument transfarmers Are perpiresd
y i The directional feature is nheernt

| Hequires = riodic maintenanee arned 1e ting

. Applications

' The protection of varniaous AC and DC equipmenta

In the definite time lag over current ard earth fault protection along

with definite tirne lag over current relay

| For the differential protection

Que 24, I Explain the operating principle and types of induction

relays.

Answer l

Opernting principle :
] Induction relays use electromagnetic induction pnnciple for their
operobion,
Their principle of operation ls same as thet of a mingle-phase inductian
motor. Hence they can bo used for AC currents only,
4 There are two types of induction relays. In both types of relays, the
moving ¢lement (dise or cup) is equivalent to the rotor of the induction
motor.
The moving element acts as a carrier of rotor currents, whereas the
magnelic circuit is completed through stationary magnetic elements
Two sources of alternating magnetic flux in which the moving element

may turn are required for the operation of induction-type relays. In
order to produce an operating torque, the two fluxes must have a phase

difference between them.

Types of induction relays :

Induction disc type relay :

Shaded pole type relay :

This relay, on construction point of view is used as a single quantity
relay. The actuating quantity may be voltage or current.

It consists of an operating coil carrying the current proportional to system
current. The main flux produced is splitted into two fluxes displaced in
time and space with the help of shaded ring.

The air gup flux of shaded pole (¢,) lags behind the flux of unshaded pole

b.

.
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'\l“ LR | My tl.t“] "F"ﬂli"‘i lll‘”
yorenlar metallie

e «haded ving is made of copper The moving partini

thsee « Al dheg)
wo nned time cul Lthe dise

™Mo two alternating Maxes I\",J",.“‘"l’l*““l LR b

A
and pravdnees eddy corrent 1
A Porques are |uwinn‘-| Iw the interaction of each Mux and 1 ¢'|+_a mn l)
where 010 phase difference between ¢ el §, The resultant lorque
cavees the disc to relate
PR — [""_,'f‘l
B a L Kol - - 'd'_‘___
I E l_ft L q R”“‘-.._ — — ;
l.—.——. ]-1;1 -——-———I “‘-‘-—.‘“—-ll L. - “'"‘l" S d
pe—— [1_ - @ Shading TOAF g _—‘ J
J rnng llh'll:“l't —f
Fig, 2.4.1.

6 Due to rotation of dise, the trip coil contact may be closed The C shaped
hrake magnet 1s used to control the rotation speed.

h Wattmeter type relay

I The const ruction of this relay is similar to the wattmeter used, It consists
of two electromagnets. One is of E shape and other one of C shape and
an aluminmium disc is there in between which can rotate freely.

2 Fach magnet produces displacement between the fluxes because both
magnets are energized by two different actuating quantities. Ifboth are
energized by quantity, then the resistance and reactance of the two
circuits must be different so that sufficient phase difference can be
produced between two (luxes.

1 Now the disc rotates due to interaction between two different fluxes
and =o contact may close and command may go to trip coils.

| Plug

setung
[ 1 {PS}
Relay coil
Secondary
coil
] =
s To trip

CN § e ’E:'-'Ciﬂ:uit

b

i ,-l‘

g # I EN-Sem-T)

.

'fl' I.'l';'.

Induction cup type relay |

wratea on the sy
[t aper ' e principle as that of an induetjon mator Tothis s

!
statlonary lron core ba placed inside the rol aling enp to des rease the air
pop withoul Inereasing inertin
) (N ITE "|l”"”" of the upenrries nn nem which ¢ loses the eonlacta A cpring
ja cmployed ta provide o rea Hing torque
| WIH-“ two i ll.lri“l'l" l'l!“lllllll'” Y are g [ul.luyf ;l_ (e [th*l'l-l* “[.l""f-'l"”lif
h”"ll"l "“ll'l ”'I" r fl'"'l'fi‘“.“"'"{ lf”"f‘l-]" 'l'vf" ';{”r ﬁr.frnl,. '!r;‘fh“ =N r“l,””‘.p‘
field which Induces current in the rotor |
1 PDue to the interaction between the peot ating Nux and induced eurrent o
torque in produced which causes rotation
N The mognetie syatem bamore offielent il alao reduees the reaistares of
(he induced current path in the rotor
0 Muagnetic mnturation can be avoided Ly proper design nnd the relay can
ho maode to have s characteristion linear and acevurates
fron core
(Stationary)
o 1 Cup
rilar
Electromagnet
Fig. 243, Induction cup structure
Que 2.6, | Derlve torque equation for Induction type relay.

Exp
expression for the force exerted on the plates of induction type relay.

[AKTU 2016-17, Marks 10 |

OR
lain the operating principle of induction type relay. Derive the

AKTU 2010-20, Marks 07

Answer l

Operating principle of induction type relay : Refer Q 2.4,

A
Page 2-6B, Unit-2.
B. Expression:
L Fluxes ¢, and ¢, are produced In a disc type of shading technique In

wattmetric type construction ¢, is produced by the upper magnet and &,
by the lower magnet.
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—
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AKTU 201718, Marks 10

of thermal relays,

Annwer I

A Working principle :

1 Thermal relays utilize the electrotbermal effect of the actuating current
for thelr operation,

9 The thermal element s bimetallic element which consists of two metal
atrips of different co-efficient of thermal expansion

3. When this bimetallie strip is beated up, one strip expands more than the
other, This results in bending of the strip.

4 When the bimetallic element heats up, it bends and gets deflected there
by closing the relay contacts,

6. Unimetallic atrips are also used as thermal elements in a hair pin like
shape as shown in Fig. 2.6.1. When the strip gets heated, it expands and
closes the conloctas,

To trp
s——’rircun To tnp

rrnrﬂul
/ < < // *+Dimetallic e

\ \ slrips | +
[m] - [enter coll

Y

Ununetallic
stmp

Heating element unimetallic
thermal relay

Fig. 2.0.1.

6. TFor the protection of 3-phase motors, three bimetallic strips are used.

They are energized by currents from the three phases.

7. Their contucts are arranged in such a way that if any one of the spirals

moves dilferently from the others, due to unbalance exceeding 12
their contacts meet and cause the circuit breaker to trip. These spirals
ulso protect motors, against overloading.

|

|
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In normal conditions,

balancing bridge dition
B ertain limit,

. 1| sments h“'“\ =
S 08 n the temperature ex cedsac

(he brdge 1s balanced Whe

the bridge becomes unbalanced. | .
- current eneryizes a relay which trips the

T : Mection
le and RTD are also used in prote In
placed in stator

The change in the halance

circuit brvakers. Thermocoup s
o nts

the protechon of large generator, such elements ¢

-.;‘T.\[_q

Types:
Rimetalhe thermal relay

Rimetallic spiral type thermal relay
Ummetallic thermal relay

Applications :

For protection of small motoers

For prot oction of 3¢ motors

PART-4
Gas Actuated Relay.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 2.7. l Explain how gas actuated relay operates. Also write

down its applications.

AKTU 2019-20, Marks 07

Answcr'

A
1

Gas actuated relay (Buchholz relay) : |
Buchholz relay is nothing but a gas actuated relay. It is used to detect

the faults which are minor initially but as the time increases they may

lead to major faults.

Conservator
Buchholz
¥ relay
Tnp Transformer

Fig. 2.7.1. Location of Buchholz relay.

912 1 (EN-Bem-7)

i)

.

2]

b.

7.

Helnya

Whenover a (ault takes llh'lf‘n inateanaformer, the ofl of the tunk iqetn
e l.!hrlwr.nlmn of the gnses may be slow depending upon whether the
r”"H - I"{-.Il"‘.."' DRINNT aT h““‘"}' "'hilrf circunt. The ponernt | VOLRE iyl
na nmeans of fult detection

Huchholz relay ia the simplest form of protection which s commaonly
used. It consista of two hinged floats in n metallic chamber which s
connected in the upper side of the pipe run between the o1l conservator
and the transformer tank

Operation :

Under normal conditions the Noals are up, but when the fault occurs
bhetween the winding’s turns. bubbles produced by the breakdown of the
oil low in the direction of conservator

This is n slow lMmullt and warming is given. However if the fault is heavy,
the surge of gas and ofl up the pipe engagea the lower float, which
engages nssociated contacts, which in turn trip the circuit breaker.

Whenever a fault occurs it produces heat and thus decomposes
transformer fluid or solid insulating material which produces inflammable
ROSCS.

When a specified amount of gas is formed this relay gives an alarm. If
we analyze the accumulated gas we can find out the type of fault.

Whenever gas accumulates the oil level falls down. thus the floats come
down. It causes an alarm to sound and alert an operator. The accumulated
gas can be taken out with the help of a pipe through petcock.

If there is a severe fault then the large amount of gases will be
uccurjnulnted which cause the lower float to operate. It finally trips the
circuit breaker of transformer.

<*— Test cock

Alarm
Hollow float

Mercury
switch

To transformer tank

To conservalor -e-—

Trip

Drain

Fig. 2.7.2. Buchholz relay.
This relay is a slow acting device. The minimum operating time is
0.1 sec; the average time is 0.2 sec.
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vwer System Protechon

N

ates incipient faults between

lay is that it indic .
be taken out of service bofore

Main advantage of this re
ansformer may

furns or core heating, sotr
major problem occurs
Applications:

Winding short ciremt
Bushing puncture
Winding earth faults.

PART-5 |
Design Considerations of Electromagnetic Relay.

S ——————— e — e —————— C —

Questions-Answers

Long Answer Type and Medium Answer Type Quest ions

e

clectromagnetic

Que 2.8, I Explain the design considerations of

relay.

AKTU 2020-21, Marks 07

Answer l
ay is based on the construction of

=

The design of an electromagnetic rel
various components of that relay. The design co
various components of an electromagnetic relay are :

Coils : The coils carry the currents and should be designed by
considering temperature rise associated with the coil. The temperature

rise limits the current rating of the coil.

Movable assembly : The inertia of the movable assembly must be as
low as possible for the fast operation of the relay. Thus the parts used

are very light for the movable assembly. Similarly for the fast operation,
the distance of travel is also minimized.
Relay contacts :

The relay contacts must be robust as the contacts must perform ‘make
and break’ duty successfully. This is difficult because for making relay

sensitive, the parts used in moving system are light in weight.
Hence seal in contact arrangement is used. This arrangement prevents
opening of relay contacts for the flow of trip current.

The materials which are preferred for the relay contacts are silver due
to low resistance and self cleaning property, alloys of silver such as

nsiderations for the

’B!E R TN T L WA T RN IR I EET I e

‘N-Sem-7
9'14}”'-“ il | Relnya

endmium silver oxido for high current npplientions, gold-silver-platinum
alloys for low current nppliecationa,

"l‘l‘lrillﬂ; 1 The ‘pivot and Jjewel bearinga are preforced for induction
relaya. The jowela absorb the shocka s spring mounted. The sin
bearings and knife edge hearings are used for armature relays

Cases ¢ The cases used are of same width and depth. The length
depends on the type and application of the relay. The canes are u-mTll

(lush mounted. Presently cases of preased ateel cast nlumi'nﬁur; :?
plastic are used. These are dust proof cases | B

Operation indicntor : This (s a coloured flag. When relay operatea, it
is mechanically moved to indicate that the relay is operated [:‘%“n the
relay is reset, tho flag is reset manually. When the flag is operated, the
corresponding operation of the circuit brenker is nasumed. |

J\lUunlmE!lt of reset ! The adjustment of reset ia achieved using
luppot! auxiliary potential transformers and resistors. In some relays
adjusting spring tension or air gap length adjustment is used for
adjustment of reset.

PART-6

Relay Application and Characteristics : Amplitude
and Phase Comparators,

Questions-Answers

Long Answer Type and Medium Answer Type Questions

—

-ﬁue 2.9. I What is comparator and explain its types ?

Answer |
A. Comparator :
1. Many relay operations are based on the resultant of the comparison of
two quantities.

2. The comparator is that part of a relay which receives two inputs and
produces the output based on the comparison of two inputs.

3. Insomerelays, the amplitudes of the two quantities entering and leaving
a protected zone are compared. It is called amplitude comparator.

4. While‘ i_n some rel:iays. the phase angles between the sending end
quantities and receiving end quantities are compared. They are called

phase comparators.
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Powees Svatem ]"l olechinn

R Types of comparators
| Comparators

— —— T — —
e —

Amplitude Mhase Hybrid

l (—

|
{ * ‘_ * * Int putnt on

Integration Direct Integration Direct

Mirect

Que .10, ] What is amplitude comparator 7
Answer '

: yul
quantities, irrespective of phase angle of the quant ities

lnput 14 Outpul
P Comparator p—=a - -
Input 2 Re |P| - |QI

)
Fi;.“l.m.l. Rasic operation of amplitude comparator.
> R ispositiveaf | P> Q|
R isnegativeif | P|<| Q|
R iszeroif | P|=|Q]
3 In some comparators, the ratio of amplitu
decided based on the value of ratio.

des is obtained and resultant is

1P| _ &

4. Let — = R
Q| o
Then. Rbliflpl:’lQ[

R <1if | P|<|Q
R =1if | P|=|Q]

Que 2.11. l What are the different types of amplitude comparators ?

Discuss the operating principle of rectifier bridge amplitude
AKTU 2017-18, Marks 10

comparator.

Amplitude comparator is of two types :

A. Rectifier bridge comparator:
1. The inputs are sinusoidal currents. Each input is given to full wave
rectifier which rectifies it. The output is the difference of the amplitudes

of the two inputs.

2 The output relay is connected in parallel with the two rectifier circuits.

A filter circuit is used at the output to make it smoother.

9"_' ki tFH.Hﬂm“n E _ Helny=

[ﬂﬂﬂ_ﬂﬂﬂﬂ_ﬂ] Aux | I”':LIMOHD]

-y
0
00000000 00000000)
I = 1Ty
- H
b '
Y ol Output of
(L1 gl ey R= comparator
s 5 +* T -
- B e - -~ e —

Full wave Full wave Filtering circuit
bridge rectifier bridge rectifier for smoothing output

T

Fig. 2.11.1. Rectifier bridge comparator.

3. The output is continuous and a DC equivalent to | I, | = | I, |. When

| I | = | I, | exceeds the threshold value, the relay operates.

B. Integrating amplitude comparator :

In this.. the output of the comparator is given to an integrator and the
circuit integrates the output with time.

2. When integrated value reaches threshold value, the output relay operates.

- =—~—— Integrated

output
x > L
P i C Output
omparator > Integrator > .
Q—> Output device

IP| - |Q|
Fig. 2.11.2. Block diagram of integrating comparator,

Que 2.12. | What is phase comparator ?

OR
Describe amplitude and phase comparators.

AKTU 2020-21, Marks 07

Answer l
A. Amplitude comparator : Refer Q. 2.10, Page 2-15B, Unit-2.

Join Telegram Group - @AKTU_Group Scanned by TapScanner




,_]

Join Telegram @Bf6Up - @AKTU Group

2-17 B{EN-Sem.7)

Power System yotection R

B. Phase comparator ! ‘
. , 4 . qurs when the inpu
1 10the two input signals are S, and .\{llw nu“mt 1'I.L‘\Ll.]I'H h puts
have a phase relationship lying w ithin specified limits. o
D Roth inputs must exast for an outputl to occur, ideally, nlwr'uhnn 18
independent of their magmit udes, and is dependent only on their phase

. in ita ai
relationship. Big. 2.12.1 illustrates the phase comparator in ita simple

form .
The function is defined by the boundary of marginal operation and

represented by two straight lines from the origin of the complex plane.

Operate Restram
> — S,

'

Output

S

Fig. 2.12.1. Phase comparator cutput when angle 0 between 5,
and 8, is within limits 1, and fi,.

The condition of operation can be put mathematically as

4
- ﬁl "_\ﬂ' W, ‘1‘
where 01 the angle by which S, leads S,.
5. Ifp, =, =90° then the comparator is known as cosine comparator and

if B, = 0 and j3, = 150° then it is a sine comparator.

Que 2.!3.] What are types of phase comparator ? Explain any one.

OR
Discuss the coincidence principle used in phase comparators.

Answer l
Types of static phase comparators :
A Vector product phase comparator.

B. Coincidence type phase comparator :
The basic concept of phase comparison is simpler in that it is possible to

1
deal with signals of equal strength whose coincidence (or non-coincidence)
1s readily measurable.

2. Considering two sinusoidal signals S, and S,, the period of coincidence

of §, and S, will depend on the phase difference between S, and S,
Fig. 2.13.1 illustrates the coincidence of signals for different phase
relationships.

3. It can be seen that the period of coincidence is equal to the period of
non-coincidence for a phase difference of + 90°, the period of coincidence
i1s less than the period of non-coincidence and vice versa when the phase

difference is less than + 90°.

Join Telegram Group - @AKTU

s s a9 SR S e | (e
%‘%{ o 3&’1{? i | i ! h ..:;frw'!?il‘: L F

o 18 B (EN-Som-7)
B —— Relaya

(c)

Fig. 2.13.1. Coincidence of signals :
~ (@) S, lagging S, by less than =/2;
(b) S, lagging S, by n/2; (¢) S, lagging S, by more than /2.

4 De;?ending u'pun‘the pl?ase relation of the input signals it is possible to
design the circuit to give an output a Yes or a No, by measuring the
period of coincidence.

5. The period uf_' coincidence of two signals with a phase difference of 0 is
¢ = 180 - 0. Different techniques can be employed to measure the period
of coincidence,

Que 2.14. | Draw neat diagrams to demonstrate “Trip’, ‘Restrain’

and ‘Threshcld’ conditions for the sine and the cosine type of

comparators,
OR

Describe various types of phase compensators used in static relays.

Answer ]

1. In p_hase comparator, the phase angle ¢ between the two inputs is
considered. The sinusoidal inputs are converted to rectangular waveforms

- Group Scanned by TapScanner
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Power System Protection = ; - g-30 B (EN-Bem-7) (el
: : , lar equivale : T
before application to the comparator. Thus | ] in rectanguiar 64 VATent ""'—, ¥ T;ﬂl = 4 y e ;‘"" P [ $iontraire trr |
0’ 0" . . atrain 10
of P while [Q1 s the rectangular equivalent of @ e : *( “ : : N\ ) ,:_;1 b betweer, |
| r I * s
I‘lh-".qr n“g]!! l{p"{'r"in 'h'qlrﬂifl 't‘fﬂlrﬁiﬂ ‘ {,! 1 {_’_nd _]_p:f_’___!
Jf‘]}t}l (b) Restrain condition
m /X\ / Threshold Threshold
I [
il i -
: : Threshold |
w : : ("“""‘,-...._4. comdition
i “ i » fur & = 0)° J|
P IQ) ' = B = F
| »
>l b | Inputs converted Q Q
J ¥ to rectangular (¢) Threshaold condition
7/ // waveforms Fig. 2.14.9. 8 :
7 7N} # 2.14.3. Biné type phass comparavor,
_?"! \\\ / p. Cosine type phase comparator :
F , ¥ P . Tr
Fig. 2.14.1. Inputs to phase comparator, —> (fo_::;: ;‘n-c ____'ip
- — = - - ) —
Thus 6=0° |[[P1+(Q)]| = |IP)-[RQ]] Q C— comparator
6<90°, |[[P)+(Q]] > |[P]1-1RQ]] Fig. 2.14 4.

8>90°, [[P)+(Q1] < [IP)-(RQ]]

2 Itisoftwotypes:
a. Sine type phase comparator :

Due to cosine nature, the trip law changes as

P
If-90° < [é [6” <+ 90°, then it will trip otherwise restrain.

—_—

P Sine type -
phase —"T¥ip Q
L ¢ )
Q comparator + 90 , o Trip Irrespective
. . s rip 4 of magnitudes
) Fig. 2.14.2. ; P — P < ofPandQ,
P = Reference input 6 Trip f 0% trip occurs for
2 = input - 90° I -90° < § < + 90°
Q = Measured inpu e (@) Trip condition
' sz [P * h tor foll 5. BV
L  The phase angle is £ LEU and the sine type phase comparator lollows Q . Restrain Rasbeain for
. P [ § > 907, ¢ <—90°
the trip law. 0° and ¢ = 120°
(P) . , o Q
n If0°< [é La} < 180°, then it will trip otherwise restrain. - 90 Q
TR = Trip Q [rrespective 2 For ¢ = + 90° or
§herQ Q, Trip : of magnitudes N ¢ =-90°,
' £¢ e I>E é = A _ ofPand Q, ¢=+90° threshold
180° 0° P 180° 0°P P ;l;lp occurs l:::r P condition
< ¢ <180 (¢) Threshold condition

Join Telegram Group - @AKTU_Group Scanned by TapScanner
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PART-7 |
Ouvercurrent Relays.

—————————————

Questions-Answers

Long Answer Type and Medium Answer Type Questions

—

Q;# S.l&l What are the various types of overcurrent relays ?
AKTU 2017-18, Marks 10

Discuss their area of applications.

Answer I

The overcurrent relays are classified depending upon the time of
operation. These are classified as :

1. lnstantancous overcurrent relays :

L. These relays operate very fast and there is no time delay. The nperating
time can be as low as 0.01 sec. This speed of operation can be achieved by
hinged armature type electromagnetic relay.

i These are effective only when the impedance between the relay and
source Z_is very small as compared to the impedance of protected section

A

Applications : For protection of outgoing feeders.

Inverse definite time relays :

O

i  All overcurrent relay have inverse time characteristics means as the
fault current level increases, the operating time of the relay decreases,

i These characteristics are more near the pickup value of the actuati
quantity and become less inverse as it is increased. The nature of these
characteristics can be obtained by usiny the suitable core and by varying the
point of saturation of this core.

iii If the saturation occurs at a very early stage, then the time of operation

almost remains same over the active working range of the relay. This is
called definite time characteristics.

3. Inverse definite minimum time relay (IDMT) :

When the core saturates at later stage, then the operating time becomes

L
inverselyv proportional to the fault current near the pickup value and
then becomes constant.

i The core saturation current is slightly higher than the pickup value of

current. This is called inverse definite minimum time (IDMT)

characternistics.

2-2213 (EN-Sem-7)
Helnyq

leations : [aed | :
Api ed inutility nne industrial circuits

Very inverse reln
4. nln:i 2 e m?:’: ! As the core maturation occurs at o further later
_ | e gature of characteriati | -
_ ristics cont
e and takes Thia i vl o
rang _ the shape. This is called very inverse time ch p
After saturation, the eyrve tends to definite tirﬁr; i

5. Extremely inverse relays: |y this, the saturation occurs at ve Iat
stage and the curve has an inverse nature for almost entire v? |: =
ai T}“f cquation is It = K where [ is the npornlin. T il
the operating time. This characteristic ia called !;'::t g current and ¢ i
characteristics, - remely inverse time

AIIDI:IEL::IISQH 1 Su::tuh!n for protection of distribution feeders with peak
curre ring switching ON (relrigerators, pumps, water heaters ete )

Operating time §}
In seconds

a8 -+ Definite time
b — IDMT

0l c - Very inverze
d =+ Extremely inverse

O
\KE@;
14 ©

0 1 <@ Multiples of
1 10 100 * plug setting

Fig. 2.15.1. Characteristics of various overcurrent relays.

PART-8

Directional Relays.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 2.16. I Explain the construction and operating principle of
overcurrent relay with directional scheme.,

Answer ]
A. Construction : It uses two relay elements mounted on a common

case, these elements are :

R

7
;

-f,-g |
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_ B S . e elays
i Dircctional element ! b e e e
1 Itis adirectional power reliiy which mme ‘l: 'I;{?" l;m: :I:I:s nls:r;:;:uul

: y cotl of this element 70¢ [

The voltage o« Falii8 e B
coil Voltags from PT
sV

el fion.
flows in a particular diree : _
by a system voltage through a potent inl trans(ormer.
nergized by the system current

Jower magnet is e -
(acts of this relay (1-1°) are connected in
I

Directional
element

The current conl on the

h 3 ' m
through a CT. The tnp © ‘ :
' - winding of non-directional element.
cories with the secondary W inding of | E
Ld ] - ' —'
ii. Non-directional eclement : _ —
. " ! L, y |
connected in series with the Current 5 coil :"' ==
[ =

il of directional element is ‘ . b
rectional element. The plug setting bridge is from L

| The currvnt ¢«
ust current setting as per requirement.

primary winding of non-di

provided in this element to adj ]
U\—Y\_T\J%_:\_T:Eﬂ e

The trip contacts (1-17) are in series with winding on lower magnet of
non-directional element. When the contacts are RS 17 T ! T L

directional element cannot operate.

B. Operation:
Under normal conditions, power {lows in proper direction and hence | | ee—nr
1

1
directional element of the relay is inoperative. Thus the secondary
winding on lower magnet of non-directional element 1s open and hence

it is also inoperative.
h

2 When fault takes place, current or power flows in reverse direction. The
current flows through current coil of directional element which produces
) [

=

Non-directional
element

flux.
To tn
Il:'in:uif

3. The current in voltage coil produces another flux. The two ﬂux*es interact

to produce the torque due to which the disc rotates and the trip contacts C ==
= S

— P

[

(1-1") get closed.
4 The current also flows through the primary winding on the upper magnet g
of non-directional element. This energizes the winding to produce the
flux. R i
- Fig. 2.16.1. Directior ercurrent re .
This flux induces the emf in the secondary winding of the non-directional g : Dnﬂﬂr—“ St ey
element according to induction principle. As the contacts are closed, the
secondary winding has a closed path. BNOSER —_— T ~
i _ _ . - | PART-9 '
6. Hence the induced emf drives the current through it, producing another % . o'
flux. The two fluxes interact to produce the driving torque which rotates ke e istance Relays il €5 R ot
TN

the disc. Thus the contacts of trip circuit get closed and it opens the
circuit breaker to isolate faulty section. R TN R Ty S
Questions-Answers

Long Answar'l’ype and Medmmﬂﬁpe Questions

—

s

pl
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Que 217, l What are distance relavs 7

Answer 1

1 In this relay the
current, which is expi

o The impedance s nothing but an
{ransmission line

The relay operatles
|1h‘i|{'h‘mllﬂ[‘d value These

4 Depending on the ratio of V and

relavs which are Ls
Impedance relay which is based on measurement of impedance Z,

Reactance relay which is based on measurement of reactance X'
\dmittance or Mho relay which is based on meansurement of component

of admittance Y.

is dependent on the ratio of voltage apg

l mensure "rdiﬂ‘ nance “_I"""’ n

operal 1on
veeed in terms
electricn

when the ratio /. i.e., impedance is less than g

are also called ratio relnys,
7. there are three types of distance

e

=2

Que 2.18 I Derive the torque equation for impedance relay and
haracteristics on R-X diagram.

explain its operating ¢ o
Explain the operation of impedance relay along with its
characteristics. AKTU 2019-20, Marks 07
Answer I

Impedance relay :
There are two elements in this relay; one produces a torque proportional

to current while other produces a torque proportional to voltage.

The torque produced by the current element is balanced against torque
produced by the voltage element.

3 Thus the current element produces operating torque, pickup torque
which can be said to be positive torque.

The voltage element produces restraining torque, reset torque which
can be said to be negative torque. So this relay is voltage restrained

E

overcurrent relay.
B
F
A CcT |
CB — f— CB "...--_._
I Fault
E Impedance
relay
\'4

Fig. 2.18.1. Basic operation of impedance relay.

Hem-T7)
— Helaya

’,26 nE

g Thecw rent flll"l‘l’?lll’lf in energized by current theough CT while volings
clement is enargized by voltage through PT.

g The acction Al of line |s protected zone. When fault accurn ot point Fin
the I"’"'"f""l zone, the voltage drops while current increases

q. Thua theratio VIl reduce drastieally. So, when the impedance reduces
than its predetermined value Z, , it trips and makea the circuit breaker
open.

g. The positive Larque produced by the current element ia proportional to
/! while the negative torque produced by the voltage element is
proportional to V2

g Let control spring effect produces a constant torque of - K, Hence the
Lorque equation becomes,

T= K,f’—ﬁ,‘w_}{n
where K, K, are the constants, while V and / are rms values,
At the balance point, when the relay is on the verge of operation, the

LA2.18.1)

10
net torque s zero hence we can write,
0= KIF—K,V’*!{T
- K,V= K\I'-K, A2.182)
1. Dividing eq. (2.18.2) both nideaby!{zﬁ,
Vi_K _K,
IR
- K, " K,
X, "Rr
..(2.18.3)

Z = Kl T Kﬂl
K, K.

12. Generally tlrfe spring effect is neglected as its effect is dominant at low
currents which generally do not occur in practice. So with K, = 0,

’ KvV
z = —_—— =
——LK: 7 Constant

Operating characteristics :

..{2.18.4)

Opgrating Operating
i charaecteristic
(+ve torqpe)
I Non-operating
region
(- ve torque)
l"/ g

' Fig. 2.18:2. Operating characteristics.
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m . ' - == riaya
X dingram 1 The dingrap, | Y
pt[‘rlﬂlirﬂ on n : ' . ; n
{?Fr?l:':“ jt‘lﬁfu in a plane having ‘\'“IH,HH It (resistonce) whjj, JF 'Fw'- = o .
l‘lu i 1.I . _. ) ’ 1 ] '|I"I]l"' iHl‘"llr‘l .’|'_,\ l]ln"h_ _' € " ‘-'_Pﬂlﬂl'lji" cofl
Y -axie as A lft‘illl[l"il"'.””HI ¢ ¥ "
Jp SI—
¥ rd - =
IZ] i \!.’IJ f ,‘ /__.J.___‘\ /_Hm-ﬂr;"n.n'
L e " & \"I'l“
A
.\' L= " "
” 1 Operating
¢ . t“" h‘ coll *’ \M‘J
+ X <
» P——
. i ) |
2 ypwrating
Fig. 2.10.1. Schematic arrangement of reactance relay.

charncleriation
5. Hence the operating torque is proportional to square of current while

restroining torque is proportional to the product of Vand /.
g The driving Lorque is proportional to the aquare of the current while the

— { '
R - restraining torque is proportional to the product of V and /.
7. Hence the net torque neglecting the effect of spring is atves by, |
20> 2 T =K,I*~K,VIcos(0-1) i
g At the balance point, net torque is zero. |
-X
; 0=KI-K,VIcoa(d-1) |
A Characteristics on R-X diagrom. | 2 ,
Fig. 2.18.3. K2 = K,VI cos (0 - 1)
Que 2.lﬂ Explain the construction, working, torque equation and . v _
b K a—— e |
operating characteristics of reactance relay. | 3 7 ©08 (0-1) :
K, =KZcos(0-
Answer l _ . = Kalleo8(0~7) |
9. Adding capacitor, the torque angle is adjusted as 90°
Reactance relay : . ;
1. In this relay, the operating torque 18 obtained by current while the K, = K,Z cos (0-90°)
restraining torque is due to a current voltage directional relay. K,=K,Zsin0
9 The overcurrent clement develops the positive torque and directional
- ! it ' - Zsino= 2
unit produces negative torque. Thus it is an overcurrent relay with the S sin 0 = e
directional restraint. :
10. Consider an impedance triangle shown in the Fig. 2.19.2.

Construction, working and torque equation :

1. The structure used for the reactance relay can be of induction cup type. Z sin 0 = X = Reactance

It is a four pole structure. It has operating coil, polarizing coil and a ;
2y , ' Z =R=
bt eoll cos 0 = R = Resistance
2. The current / flows from pole 1, through iron core stacking to lower
pole 3. The winding on pole 4 is fed from voltage V.
3. The operating torque is produced by interaction of fluxes due to the Z X
windings carrying current coils, i.e., interaction of fluxes produced by 0
poles 1, 2 and 3.
4. While the restraining torque is developed due to interaction of fluxes Fi :iﬂ 5
l -Igf L3 L] L]

due to the poles 1, 3and 4.

Join Telegram Group - @AKTU_Group Scanned by TapScanner



Join Telegram @Bf6Up - @AKTU Group

TV S e ST
. \ e hion ) an b Hﬁﬂ-ﬂl‘lli-?}
ower System ot . g~ Helaya
\ ’H = t",nnhllﬂ Molarizing
.h 3 : ; Y coil \t
s The constant A me ,
i th l‘\‘ll"l.'l‘ ”I.".I..“‘-.y. on the numvlnl’l{‘u ul‘lh e ot NS p Operating K it i
l 1 ‘l’l\- l" . . 3 3 "-. \"' tlh\ﬂl'i"“ i-l.l'l.l
Cnarallel to N -axison i~
c(ratght i I"-Htll o | e
| ration of the relay, the poaclance seen Iy ”“‘“‘:'U should be
2 For the operati iy 't ened.
e I l1 lll'hmn (ho reactance for which the relay 18 designed
sinaliey s
Operating charnctoristios |
\ .q“r* il l‘lml'mh‘l'ulh‘n Restraining coil
‘ "I. ‘\ ___‘
/ m
e i 2.20, .
$_ B B K, Fig. 2.20.1. Schematic arrangement of admittance relay.
I FainP e \=3" y rostral = . | |
¢ ve torque ‘;’ 0 N I\, J While “I“ t.H“ I.““m"‘ I"I"l"" I8 produced by the interaction of fluxes
region Vi - == ¢ R due to the windings carried by the poles 1, 3 and 4.
i em— " Thus the restraining torque is proportional to the square of the voltage
while "p:“.n" N l"“'"“f 18 proportional to the product of voltage and
v current. Torque angle is adjusted using series tuning circuit.
- | 5. The "l“‘_r"t"m t"r:l““ 18 proportional to VI while restraining torque is
g 2108 Operating charactonstics of reactance relay. Prnpﬂl‘llﬂmll to V2, Hence not torque is given by
T = K VI cos (0 g ¥
) s(0-1)-K,V:-K
: ; v e nlong w " L ; 2 )
Que 2.20. ] Explain different ypes of distance I lays g with where, K, = Control spring effect.
g Generally control spring effect is neglected (K, = 0)

AKTU 2016-17, Marks 15

their operating characteristics,

Answer ]
A Impedance relay : Refer Q.
B. Reactanco relay : Refer Q.
C. Mho relay

1. Itisalsocalled
i= required to maket directional while the
make a reactance relay with directional feature.
The mho relay is made inherently directional by adding a voltage winding
called polarizing winding. This relay works on the measurement of
admittance Y < 0, this relay is also called angle impedance relay.

2 18, Page 2-26B, Unit-2.

2,19, Page 2-271B, Unit-2.

admittance relay. In the impedance relay, aseparale unit
same unit cannot be used to

¢

Construction :

1. This relay uses an induction cup type structure. It has an operating
coil, polarizing coil and restraining coil. The operating torque is obtainod
by V" and / elament while restraining torque is oblained by a voltage

eclement.
Thus an admittance relay is voltage restrained directional relay. The
operating torque is produced by interaction of fluxes due to the windings

carried by the poles 1, 2and 3

and at balance net torque is also zero.
0= K, Vlicos(0-1)- K,V*
KIVI cos (0 =1) = H!tﬂ

K, cos (0=t = K, ¥_

Vi

Kli‘ﬂﬂfﬂ-ﬂz KJ_’}_r
Z= -‘;—:—'- cos (0 -1)

F
7. This is the equation of a circle having diameter K /K, passing through
origin. And this constant K /K, is the ohmic setting of this relay.
Characteristies of Mho relay on R-X diagram :

X4 ty

» R

Fig. 2.20.2. Characteristics of MHO relay.
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N B - i ’ m 0 i
1. The characteristics of Mho relay 1s shown in Fig, 3.-2“-2-
2 Mho relay characteristic, when plotted on the impedance tlmgrnm

(R-X) is a circle, passing through the origin,

Que 2.21. I Explain the construction and operation of definige
distance type impedance relay.

Yower System Protection

Answer ]
Definite distance type impedance relay:

a. Construction : ‘
1 The construction of this relay can be balanced beam type or induction

disc type.
,"] n To trip circuit
|

e W & Armature
C E

Restraining  Operating
Fﬁl':‘m,..l'—" ol coil =
Fig. 2.21.1. Definite distance type impedance relay.

It consists of a balanced beam pivoted at the central point C. The beam

carries the armatures of the two electromagnets. The two electromagnets
are energized by a current from CT and voltage from PT, which are

located in the circuit to be protected. _
3. The voltage coil acts as restraining coil while the current coil acts as

operating coil. The beam also carries the moving contacts which can
bridge the two fixed contacts of a trip circuit when the relay operates,
b. Operation:
The torque produced by voltage coil is proportional to square of the
voltage (K, V) while the torque produced by current coil is proportional
to the square of the current (K,/?).
Under normal operating conditions, the torque produced by voltage coil
is more than the torque produced by the current coil. Thus restraining
torque is more than the operating torque and hence the relay is
Lnoperative.
3. On the occurrence of any fault, the voltage of system decreases and
current increases. Thus the ratio V/I which is impedance also decreases,
it falls below its preset value.
4. The torque produced by current coil becomes greater than the torque
produced by the voltage coil. Hence beam experiences a pull on the

L —e
o 1from CT

current coil side.
As the beam tilts, the moving contacts of beam bridges the fixed contacts

of the trip circuit. This operates the trip circuit and opens the circuit
breaker.

P e O N 5

9-32B (EN-Bem-7)
el - o Helays
PART-10O
| Diflerential Relays,
Quonllum-}\nawern

, —

Long Answer Type and Medium Answer Type Questions

M

s
Que 2.22. l Explain various differential relays.

‘ . OR
pefine differential protection. With the help of neat sketch explain

{he operation of differential relay., AKTU 2020-21, Marks 07

1119“'&1‘
Differential protection : Refer Q. 1.8, Page 1-9B, Unit-1

B. Differential relay : ' '
Differential relay is a suitably connected overcurrent relay which
operates in a condition when the phasor difference of currents at the
tWwo cndsinf a prqtectud element exceeds a particular value. Various
types of differential relays are :

a. Simple differential relay:

Simple differential relay is an overcurrent relay having operating coil

which carries the phasor difference of currents at the two ends of a

protected element.

L
2.

Protected
equipment —

Simple differential
relay (OC relay)

F—
Ila - IL | : I?.s . I'L
Fig. 2.22.1. Simple differential protection scheme

behaviour under normal condition.
It operates when the phasor difference of secondary current of the CTs

exceeds a predetermined value,

3.

LN

B I S, R R R R e
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4 The secondary of the CTs at the two ends of the protected elemont arg : During internal lhull:_:]_i.r_r—_ _ ... .
connected together by the pilot wire eircuit. | case of single end fod Hynfja:;rltirlll current Is proportional to (7, ~ 1 ) in

5. The problem associated with gimple relay {8 during hoavy external fhultg, doubloond foduystem and 1s proportional to (I, +1,) inl e of

it occurs beeause of CT errors and {8 overcome by percentago difforontinl If the diff (inl

: . the difforontial current flow;

wotection, ) Nl Nowing thro .
‘ the pickup value tho re o ugh the re

lay coil ia higher than

b, Percentage differentinl relay : lay oporates
1. The differential relay operates if the operating torque produced by the
operating mi]. is more than the restraining torque produced by the PART-13
restraining coil, Static 1
2 Torque is proportional to ampere turns, So when the ampere turns of tatic Relays : Compariuon with Electrom '
the operating coil will be greater than ampere turns of restraining coil, — agnetic Relay,
the relay will operate.
/ Protected zone Quﬂlllﬂnn-ﬁnnwer-
el e B S |
Long Answer T
) CT, CB CB CT, um Answer Type Questions
| Protected - =~
o equipment — ¢
[ . | — '
| straining coil I 2.23. I Wh
: L _lE e _RL/A{E ______ v _12i | Que at do you understand b static relays ? Also write its
I, ¢ | el ol = e ‘: I, 15 advantages and disadvantages,
e JOO—T00 - 26 =
I Ans
: M Nr2 | Operating b I
: N, ""—_1"' coil A St;;m rela;ir * The relays which do not use moving parts and use the
I { o ) . sol state‘ electronic components such as diodes, transistors et
- : — called static relays, ; <., are
4 I
[[, ==————— S s Advantages :
1s ¥ S 3
e Percentage B &

differential relay It has fast response and long life,

1
Fig. 2.22.2. Percentage (biased) differential relay. 2. Greater sensitivity as amplification can be provided easily
c. Balanced voltage differential relay : _ 3. Quick resetting and absence of overshoot
1. In this case the secondaries of the CTs are connected in such a way that c ;
1

under normal conditions and during external faults the secondary current
of CTs opposes each other and their voltages are balanced.

Hence no current flows in relay.

I I 2. They need an auxili .
' e ary power supply, which can be i
Protected stabilized power supply or a battery. supplied by a

. Disadvantages :

Static relays are sensitive to voltage transients. V. :
: . Voltage spike
semiconductor components. s can damage

—e) equipment
T, @ﬂ ue 2.24. | Give a detailed comparison between static and
electromagnetic relay. AKTU 2019-20, Marks 07
P
Answer ‘
\%) Comparison between static and electromagnetic relays :

R : Instantaneous overcurrent relays

Fig. 2.22.3. Balanced (opposed) voltage differential protection. !
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ouer System rotecion 2138 1KN-S{~;“.7]
- - 3 ——— T '1"______ S, g.16 N(EN-Sem-7)
e e e T LT IR — , o
S Now | Points T Statio relays Electromagnotio - _ Relays
. T wwating winding ia w :
: | rolays 4. Theopernting winding is wound in auch n way that the
bt ati— - I ——— L —— — prﬂ{hll'l“.l opposes the T!'le.'linin“ amp r* ‘ \ ampere-turna an
! 2 . i i - ere-fu .
1. Power consumpiion | Very less 1 milliwatt [High 2 watt atrengthen them in the other na i one limb and
A - — —"-_'__"__'_‘_'____"‘—-——_h ! .
_ P _ : ' Assuming equality of restraini |
| contacts. prossnt. aturation the limb in whic) operatier ing current would drive out of
I f S ) —— ad\ ; ich Operating current opposes the restra;
§ s . . F & L ' =1 ] . s L i
;;  Eflect k‘-fsfﬂ\'ﬂ v . ‘\-0 l‘I?l‘Ct “f }:rll\'lt}' G‘.I"t\\'llllt\ﬂ"“l ru ree ampere llﬁll‘ﬂf;. when l]w pe llk '-'illm- of lhD lHH‘h][inH Moy lllltlltl-l
¥ 3 p 5 = . oy o | ] L] CRCMveals
(Gravitational force) [on operation of [can affect the relay. the magnitude of restraining curront. I
.' | static relay, g W hen this I"'W“_‘“H a voltagoe is induced in the output wind
| = il 1‘1'-11'(}' H[‘iﬂ l‘l'll_‘rﬂl'-".l‘ll. The same ['I]'mr"“,nn I8 re o« and the
4. | Positionof relay Relay can bo This relay hf‘ts to be during next half cycle. srepeated on the other limb
: installed at any [installed straight only
| : location and at any [and away from = A i
1 "‘.\-‘I ;- L B 21 . - ¥ -
, ! sition. magnetic field. - U‘\
l —4 ; : SR ol B —— Qe g
S iTNh::.‘?m.:_\' standand | 2nd generation 1st generation “B > | —- L8 T v
: LY L . = h . |
E | relays. | X lays. 2 i Control - o
1 ; : winding Operatin
. - | | - o I v L, O— A H
o E Rl:'.h\\ ST : Small L"uw r ?'_ Wln:hng
. s :
.. | Accuracy and speed | High Less
: . I: Coupling
winding
PART-12
Classification and their Description, SE— Ll ’T'
Output winding y

Fig. 2.26.1. Transductor relays.

B. Rectifier bridge relays : This relay consists of two rectifier bridges
and a moving coil or polarized moving iron relay. The most common are
relay comparators based on rectifier bridges, which can be arranged as
cither amplitude or phase comparators.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 2.25. | Give the classification of static relays. C, Transistorrelays:
g -
Answer I C 3
Classification of static relays : NPN -
A Transductor (magnetic amplifier relays) : -f ~ E ‘E
1. The restraining voltage is applied to the control winding through an Vv, + §-
impedance Z, and a rectifier. V, i
2 The restraining current so obtained is rectified and partially smoothed l i w z
by the short-circuit effect of the rectifier on the control winding and also ] ‘- - z

due to the short-circuited coupling winding.
3. The effect of this is to drive both the limbs on which the operating

winding is wound into saturation. 1. Current of constant magnitude flows in the collector circuit only when
the input AC quantities are simultancously positive.

Fig. 2:25.2. Multipla inputs fo ransistor base
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'.? _.*;;'_ln \-i; the eallector carcuit will picll-up when the overlap angle CXCondy :__ - Paizys
a certain value, ie., when the mean DC level in the cullf.:-ctnr circujy
excecds the relay pick-up as a consequence of phase coincidence. i Z Questions-Answers __‘1
D. Hall effect relays: s T - = *
p— J

—éu: 2.26. I Explain statie overcurrent rel

Answer |

1. In overcurrent relay secondaries of the line CT, ;
3 - : = m CL-EJLEI' g
summation circuit. The output of the summation CT is fed to &R ‘m'mfjj

Magnetic 3
field

1
/.D P g valueiset?alﬂehﬂhEﬂuiputnftheIEreldmrhm
: 3. For the overcurrent relay - -

o\ \\\( If R sbrebrd L

Pod SAPEPIN. o 55 v
4 output o evel detector is simplified and applied to the
_ device to cause trip/alarm_If time delayude:mred_fpmm:gmmn
Fig. 2.25.3. Basic hall generator. be introduced before the level detector. may
5. A filter may be installed at the input of the CT in order to .

A 'I‘lm'H.fzn.'lltﬂ,.-st,.alint.heﬁ::rr:unn:l":.u:l.'n‘.:ismrun::nmecte*:lmal:v:altterj,v51:1;1;]:.111;a output. g=t raquired
current / flows through the slab in the manner shown in the Fig. 2.25 3 g
and the magnetic field is applied so that it is perpendicular to the slab of &utﬁl —>| Rectifier o o7 | Amplifier
the Hall crystal. r with hiter detector

2 A potential difference Vi, called the Hall voltage, is developed betweep

the top and bottom of the slab. The magnitude of the voltage is From | Outpat
proportional to the product of strength of the magnetic field and current, summation device
Vi = Kiper Iaax [cos a — cos (20t — ©)] CT '
E. Gauss effect relays: . Trip"
If one AC voltage V, develops a magnetic field through the crystal in the e e o Y e e ot e —
form of the having llargsfe.- diameter and another AC voltage V,, sends a Eif’al %LB!EMEE@M ."ﬂ_!!-,
current radially through the disc, then the current will be proportional 6. “koegrne uperatl;tn;egmnun of the time characteristic is given by
to V,V, cos 6 where 6 is the angle between the two voltage V, and V, ie, b s = Re:ia Consta.nt (296.1)
current is maximum when the two voltage are in phase and zero when i’ i mﬁ;ﬁt
1 t f —o on
they are in quadrature | S s e
PART-13 T T T T //———————— T >
; tatic Overcurrent Rela | e T R R A o v e ey ve
: e e Shrle DRSS Belay, & o n
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Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 2.27. ' Discuss static directional relay.

Answer l

Directional relay being a double actuating quantity with input current /
from CT and input voltage V from PT. |
The two inputs are supplied to phase comparator. A phase shifter is

included in the voltage input circuit.
The output of it is applied to a phase comparator whose output,

turn is applied to a level detector. | |
The output of the level detector is amplified m_ld in case a timer is
necessary, the output is applied to the output device through the timer,

The directional static overcurrent relay isa double actuating quanr:ity
ase angle between V and /, the two actuating

in Its

relay and senses its ph
quantities.

Let this angle be ¢ while
set current magnitude. Relay will operate pr

Is< Icos(¢—0)

where / represents the current supplied to the relay. When ¢ is equal to
0, the relay has maximum sensitivity.

The directional overcurrent relay can be made either instantaneous

type or time delayed type.

the relay characteristic angle be 0. Let I be the
ovided

Aux.
DC supply
o—»1 Input (I) '——* {
Phase ’ Level
e A ,cnmparatar detector
°—” Input 4 Timer +
R Amplifier i
Phase shifter Output |—
device |—

Fig. 2.27.1. Block diagram of directional overcurrent relay.

i —— —— e —

- ————— e ———

- o ———— S Sy —— B = S T T T

[ PART-15]
Static Distance Relays.

—— s — —

240 B (EN-Sem-7)

mip—
I
—
—
e

.
4

1R L
L -:-'1't.

Relays

e

Questions-Answ ére

o

h—

Long Answer Type and Medium Answer B

Que 2.28. | What is static distance relay ?
Answer l
Hange
changer
C"'I':I'm'_-'lr Z Switch o= Trip
I —{ Replica Y21 Prase {
= Mixer : Polarity Integrator
Phase Polarity Integrator
parator detectaor and switch Ty

" Fig. 2.28.1. Static distance relay.

In this relay the operating current / is supplied by the curren transfi
through the replica impedance while the restr?;ning curre:t:;t is suunl?eg
by PT. pplie
The relay operates when the ratio of restraini 1
voltage is less than a certain value. This rehm:lzrg:dﬁ:;?::;
the inputs have particular combination of current and voltage through
a mixing transformer.

The phase comparator which may be of the 1 '

the phase of fault voltage and fnyult circuitl:emﬁer e
The output from the rectifier bridge consists of an AC signal with a
superimposed DC component: this being positive for angles between
two quantities of more than + 90° and negative for angles less than 90°.
For Mho characteristic the input quantities are the fault voltage V and
V —IZ where IZ is the voltage developed across a replica impedance unit
energized by the fault current.

When the angle between V and V - IZ is less than 90° the relay will
restrain and when the angle is greater than 90°, the relay will operate.
The output from the comparator is fed into a polarity detector where,
when the input currents to the comparator are 90° apart, the output
device will be turned ON for + 90° and turned OFF for — 90° and hence
the output wave will be a square wave with equal space ratios.

The output from the polarity detector is fed into an integrating circuit. If
the mean input to polarity detector is positive it indicates a fault within
the boundary. The build-up of current is faster leading to faster relay

operation.
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| PART-16
Statie Differential Relay.

Questions-Answers

e — e A———

Long Answer Typo and Medium Answer Type Questions

.

Queo 2.29, l Explain static differential relay.

o

Answer I

In this relay, the two similar input quantities (7 or V) are compared. The
comparator is usually a rectifier bridge comparator.
The differential relay measures the vector difference between two

similar electrical quantities, o . ‘
This static differential relay is mostly applied in PTU'-Ethf’“_ of generators
and transformers against any type of internal fault similar to that of

clectromagnetic type differential relay.

DC supply
ﬂ-——llr Comparator r 3 # t
Input (Vector , utpu
| Amplifier — ;
difference s device
o—=| of I and II) (Trip)
Input II

Fig. 2.29.1. Block diagram of static differential relay.

The relay is advantages from the electromagnetic differential Fg?lay as it
is very compact, highly sensitive for internal faults, high stability, very
first operation, low power consumption, lower VA burden, inrush current
proof characternistic.

VERY IMPORTANT QUESTIONS

Following questions are very important. These questions
may be asked in your SESSIONALS as well as
UNIVERSITY EXAMINATION.

Q.1. What are the different types of attracted armature type
relays ? Explain why they are noisy.
Ans;. Refer Q. 2.2.

———— ——

gEERp e TR L YRR T W TR
[P SRR Y bR AT ‘\i &&L . S

942 B (EN-Sem-7)

Q.2

. Derive torque equation for |

. Explain how gas actuate

. What are the different t

. What are the various types of

e
—

-—_— Relays
ﬁl‘lt’.‘ipln ﬁf[: _ h
sadvantage

Explain the working p
its ndvantagoes and di
Refer Q. 2.3,

Refer Q. 2.5, nduction type

relay,

d relay operates,

its applications. Also write down

Refer Q. 2.7.

ypes of amplitude

co
g principle of op LT D

Discuss the operatin rectifier brid
ridge

amplitude comparator,
Refer Q. 2.11,

. overcu .
their area of applications, rrent relays ? Discuss

Refer Q. 2.15.

Explain the construction and o

overcurrent relay with directional
Refer Q. 2.16.

perating pPrinciple of
scheme.

Explain different types of distance r
operating characteristics,
Refer Q. 2.20.

clays along with their

Deﬁn:e differential protection. With the help of neat sketch
explain the operation of differential relay,
Refer Q. 2.22.

Give a detailed comparison between statjc and
electromagnetic relay.

Refer Q. 2.24.

Discuss static directional relay.
Refer Q. 2.27.

©0O
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3-4 = — F'rnlm'iinn of (!
—— : . ; ompaonoents
I i PART-1
| lypes and Detection of Faulis and their £
! ; G — e T = ir Effects
| Protection of e R e ———
| uestions-Answers
LUNIT | . Components e T
el 0 pPe and Mediu
| m Answor Type Questions
-(-,]_;w 3.1. I Explain the different types of fault in power syste
o - ‘T §ystem,
2 the diff L o
| what are the different types of faults j
| C ONTENTS thc m[}t]lﬂ'd UHEd rnr lhpir l}rnt{‘ctinn ?n PIEC[I“E'“I Eﬂmpun{'ntn nnd
| |
| Part-l : Types and Detection of v 3-28B to 3-3B Answer |
Faults and their Effects v Typesof fault: Inthe clectrical y
J into two Lypes : power system, the faults are classified
Part-2 : Alternator Protection Scheme .o 3-3B to 3-9B 1. Symmetrical faults :
(Stator, Rotor, Reverse . Athree-phase fault is called a symmetri
Power Protection eotc.) L s thnan i iaReanre sk circi iy rical type of fault. Ina 3-¢ fault, all
: . The symmetrical faults are
Part-8 : Power Transformer Protection i 3.10B to 3-14B f" L—L—Ly of two types,
(External and Internal v LL-L:G

1
= ' br
Faults Protection) 2. Unsymmetrical faults :
i

9-14B to 3-15B Single-phase to ground (L-G) fault : A short circuit between any one

Part-4 : Generator-Transformer Unit .. L . |
of the phase conductors and earth is called a single phase to ground

Protection Scheme
fault.
Part-5 : Bus-Bar Protection ... 3-156B to 3-18B ii. Two-phase to ground (2L-G) fault : A short circuit Detsis s o
phases and the earth is called a double line to ground or a two-phase to
Part-6 : Transmission Line Protection ... 3-18B to 3-26B ground fault. P
(Current/Time Grading, iii. Phase-to-phase (L-L) fault : A short circuit between any two phases

is called a line to line or phase-to-phase fault.

Distance)
B. Detection of fault : Detection of faults in co 3 '
Part-7 : Pilot Relaying Schemes ... 3-26B to 3-28B protection : mponents and their
: 1. In generator, there are two types of fa :
Part-8 : Power Line Carrmier ... 3=28B to 3-33B . Stator faults. £ iss
k Protection ) i Rotor faults,
a. Protection of stator faults : By using percentage differential

protection method.

b. Protection of rotor faults : By using loss of excitation protection
method.

2. In transformer, there are two types of faults :

Internal faults.

i. External faults,

3-1 B (EN-Sem-7)
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a.  Protection of internal foults : By using percentage di—m
protection method.

b.  Protection of external faults : By using time graded over currepg relayy

3 Protection of transmission line : By using distance protection m"’-"-hod_

Que 8.2. ‘, What ave the effects of fault occurring in the Powey

system ?

Answer J'

Faults give rise to abnormal operating conditions, usually eXCeSsiva
voltages and currents at certain points on the system,

Faults can cause the three-phase system to become unbalanceq with
the result that three-phase equipment operates improperly,

Faults can cause system to become unstable.

4. There may be reduction in the supply voltage of the healthy feeders
resulting in the loss of industrial loads. :
Heavy short circuit current may cause damage to equipment oy any
other element of the system due to overheating and high mechanicg)
forces set up due to heavy current.

=

o

[~

o

PART-2

Alternator Protection Scheme (Stator, Rotor, Reverse
| Power I_’mte_crfon etc_._x)

|
I
L. el S ————

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 3.3. I What are the various protections adopted to protect

generators ?
OR

Write brief note on generator protection.

Answer l

1. Agenerator is very important and costly equipment in power system. It
is accompanied by prime mover, excitation system, voltage regulator,
cooling system etc. Its protection is very complex and elaborate.

A generator set is provided with following protective schemes :
Stator Protection :

Percentage differential protection.

Protection against stator interturn faults.

Stator-overheating protection.

P EREN

-7) . | *
N-Sem Protection of Componenta
D -

Rotor Protection :
Rl |d ground fault protection.

a Flf;q of excitation protection.

b. [[::n;f‘f“"" against rotor overheating because of unbalanced three phase

glﬂt“r Cuﬂ'["l'llﬂ,

il Over voltage prnl.m::'tinn.

. Over speed protection. |

b. protection against motoring,

c. pmtefli“" against vibration.

d. Bearing overheating protcctiﬂn.

e. Protection against auxiliary failure,

; protection against voltage regulator failure

Que 34 Give the complete protection scheme for alternator.

OR
. inciple of Merz-Price sche f : ;
cribe the princip . cme of protection applied to
E:: alternator. What are the shnrtcumlngs of this scheme aﬁd how

—

are th

'Answer
. : i d for thé protection of al ind;
Merz-Price SChEI'.'IJE s use € pro onof alternator stator windings.
A 1t is also called biased differential protection and percentage differential
protection.

B. Construction : .
L The differential relay gives protection against short circuit fault in the

stator winding of a generator.
Star connected

alternator stator CT
Alternator 1 winding neutral
= el CT £ carthing
earthing R
- -y
—>B
Pilot
- OC = Operating coil
T % RC — Restraining coil
CB — Circuit breaker

L ------ p——
Pe rcontﬂgc-"""

differential relay
Fig. 3.4.1. Merz-Price protection for star connected alternator.

2. The CTs are connected in star and are provided on both, the outgoing
side and machine winding connections to earth side.
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n Protection

P'ower -':'.1" stel

coils are energized from the secondary connegyj,
h pilot wires.

I

4 The restraming \

"~ CTwin each phase through pii

The operating corls are vnyrmznd by 1_—|w

and the CT neutral earthing connection. .

The C'Ts on the delta connected machine winding 5"!‘-‘ are connecteg

delta while the CTs at outgoing ends are connected in Ht:}:r' l
Delta connected alternator nEI;"m]

Rl?fifi_nﬂ"g CT £ carthing
—— 000000 1 % 3 e—

tapping from reutnﬂning(\

iT |
T
T R B =y
I __
| P
O ——FR= T S
Pilot wire—_ l----—-----——--—---"--—---_:r
g oC
: f
gg—hf?pnmtingmilﬂ : Rc_rmm\._l_ i
—Restraining coi I
CB—-Circuit breaker ! R N~
" RE .
Percentage

_ ~ differential relay
Fig. 3.4.2. Merz-Price protection for delta connected alternator.
6. The restraining coils are placed in each phase energized by the secondy,

connections of CTs while the operating coils are energized from t}
restraining coil tappings and the CT neutral earthing.

C. Working:
1. Inthismethod, the currents at the two ends of the protected section

sensed using current transformers. The wires connecting relay coilsy
the current transformer secondaries are called pilot wires.

2. Under normal conditions, the currents in the pilot wires fed from ¢
secondaries are equal. The differential current i, — 7, through t
operating coils of the relay is zero and the relay is operative. The systep
is said to be balanced.

3. Under abnormal condition, the differential current i, —i, flows throug
the operating coils of the relay and relay operates. This trips the generats
circuit breaker to isolate the faulty section.

4. The field is also disconnected and is discharged through suitabl
impedance. Thus a differential current flows through the operatiy
coils which are responsible to trip the relay and open the circuit breake

D. Shortcoming : There can be flow of current through relay even durin
normal operating conditions.

E. Toovercome : Use of two identical CTs can solve this problem.

"N-Sem-7)

m Explain the restricted carth fault Protection of

.perators: What is the effect of earth resistance on percentage of

fviﬂding unpt‘ﬂtf.‘ﬂtﬂd ?

—
MHW’EI‘

A Restricted earth fault :

| When the neut_ra] is solidly grounded, then the generator gets complotel
prﬂtect(‘d against earth fuullis. But when it is grounded through o 1r'tl?1,

resistance, then the stator windings get partly protected against carth

faults.

The earth faults are rare near the neutral point, The voltage of neutral

2. point with respect to earth is very less,

4. But when they occur, the insufficient voltage across the fault drives
very low fault current than the pickup current of relay coil, ‘

4 Hence the relay thlil remains inoperative. Thus 165 % to 20 % winding
from the neutral side remains unprotected in this scheme.

5 Henceit is called restricted earth fault protection. It is usual practice to

protect 85 % of the winding.

oT Gf’l?i“l“r stator

LN I
— ¥ QUL oy >t
Neutral A\
point [N ¢ v L

'
L]
|
+-5 r_Joooom
I |

|
S ) fiﬂ_r_t_h_l‘:ltull
Elr s
; {
Earthing —WM"-’-UEEJ_ t

Operating coil
- = " el S8
resistance e &

Pt

-

_{E—\l Y

_J,H:.* B

Restricted earth foult relay
Fig. 3.5.1. Restricted carth fault protection,

6. Consider that earth fault occurs on phase B due to breakdown of its
insulation to earth as shown in Fig. 3.5.1.

7. The fault current I, will flow through the core, frame of machine to
earth and complete the path through the earthing resistance.

8, The CT secondary current I, flows through the operating coil and the
restricted carth fault relay coil of differential protection due to which

the relay operates to trip the circuit breaker.

9. The voltage V,_ is sufficient to drive the enough fault current I, when
any fault point x is away from the neutral point.
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10 When fanlt point s neaver to nentral point, thon voltoge Vb smndlang

curvent 1 is not sufficient for relay operation.

N | . " iN.
11 Nence the winding remnines unph-h'riml. Henee, practieally 16 % of

winding from neutral point 18 hept unprotected,
1 Reet of cavth resistance on porventage of winding wnproteeted

e Ll |
'} 1
‘1 - 'l "
‘ Nt \;I\wwnlnm* of winding
S . .l » hi\]Ul lmphﬂﬁlﬁl

Alternator

1L
S Fig. 3.6.2,

1 The value of A limits the carth fault curvent. For low v
value of N ix selected such that il load curvent pus

neutral. for a full line to neutral voltage \
: ! ik '
thalt current i« imited to about 200 A

catatanee K, the
w hrough the

2 In medinm resistance R, the carth ‘ |
for full line to nentral voltage V, for a 60 MV machine,

In high resistance N, the carth thult covrent 18 limited to nln:ul 10A l‘ihi.q
1x used for distnibuat mnlmmliu‘nwlﬂaﬂhl ponoerato transformer units,

' = Full line to neutral voltage
1« Full load current of lavgest capacity ponorator

e

4 1t

R« Earth resistance

Re .
!
" Ri, 100
and Percentage of winding unprotected = Tl

¥ "l F "t k]
where, I = Minimum operating current in the primary of CT.

Que 3.6, I Discuss the protection employed for ¢ he field winding of
the alternator against ground fnulis, IAKTU 2017-18, Marks 10

Answer |

. Rotor carth fault protection includes DC injection method and AC injection
method. The arrangement is shown in Fig. 3.6.1.

9 In this arrangement either DC or AC voltage is impressed between the

field circuit and ground through a sensitive overvoltage relay and curvent

limiting resistor or capacitor (in case of AC voltage). o ‘

3 Asingle carth fault in the rotor circuit will complete the circuit comprising
the voltage source (AC or DO), sonsitive overvoltage relay and earth
fault and thus earth fault will be sensed by the relay.

LBL i KEN-Nem-7)

1
|}

(

]
| rotection of ( OMpanenis

D injection method s simple and 1

\ ek A no prohle
II I-Ilt“ll vl I“Ill il'l lIHp'I I'l“ {l"'lrvrﬂ'"u" :'“ I mn l‘rll'lllh“u“ PVt a

thin i0alternnting eurvont (s yap( lay can bo more wenaitive

With AU, the relay must not |1h*ku|,mr. the ¢t

L I d
through the eapneltance 1o Mo .
pesonnnee between the '

nt that Nowas normally

and eare must he

‘ taken to
A nvoid
capnc itance and the relay inductance

Ixelter
nrmnture

v

Generator
S Meld
winding

r"—

Current limiting
Resistor (in case of DC)
s Uapacitor (in case of AC)

ﬂ Sensitive ove rvoltage relay

Jiii
LRl

-
~3
ks
-
|
4

=]

b

v

Fig. 3,0.1. Rotor earth fault protection.

" To nuxiliary supply
e PCorAC

a“"‘ :I"E_I Disouss the protection employed ngainst loss of

oxoitntion of the alternator. | AKTU 2017-18, Marks 10

Answeor |

1.

G.

When o generator loses excitation, it draws reactive power from the
aystem nmounting as much as 2 to 4 times the generator's rated load.
Thus, this large reactive load suddenly thrown on the system, together
with the loss of generator's reactive power output may cause wide spread
voltage reduction, which in turn, may cause extensive instability.
Undercurrent moving coil relay connected ncross a shunt in sories with
the field winding for loss of excitation protection is shown in
Ny 3.7.1.

In case of large generators which operate over a wide range of field
oxcitation such a relay may be a problem.

Furthermore, field failure due to failure of exciter may not be detected
by it as it may bo held in by AC induced from the stator.

An undercurrent relay fust enough to drop out on AC cannot be employed
as it would be affected by AC induced during synchronising and during

oxternal faults,
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3-0 B (EN-Sem.7,

Pawer System Protection — 0B (EN-Sem-7) 5. y
e ——— - . . 3 "1::'.1‘: o 1” - <
; _..Tﬁ- 1:¢ lective type of loss of excitation relay is a directional :"n‘m“ﬁ' ..3:--*‘“""_-‘—__ = npotenta
D& . . P e —
? ( N ":[-!n)' operated from alternating current and voltage at the maip
e i PART-3
generalor Lerminiis. : { - f
¥ .
power Transformer Protection (Exte
Generator | Foults Proteéi rnal and Internq]
field ion)
I -
| winding L —
l Questions-Answers
i IR
NG Answer and M
P . Long Type aﬂjlthmng,“Qul tions
—? Q _-l-"""__-———_ )
| I Shunt Enﬂ 1.9, I With a neat schematie diagram explain the i
. . . 2 protection
Undercurrent of transformer with differential protection scheme,
oving coil relay
B | AKTU 202021, Marks 07
Pig. 3.7.1. Loas of excitation protection. e .
KV Answer I
Que 3.8 I The ncutral point of a three-phase 10 MVA,; H 1 Percentage differential protection is ucad for the protection of large
, istance of 4.5 ohms, the relay is transformers (5 MVA and above). If there are internal short circuits in
alternntor is earthed through a res t of 1.3 A. The he transformer, then this scheme is used
set Lo operate when there is an out of bnlnnc;: cur;l:n e tocted t I
. winding
CT's have ratio of 1600/5. What percﬂﬂt“g}:" -nthr: minimum value of = =i
agninst an carth fault and what should be T Ip—1a ’EEE;\—— - :
curthing resistance to protect 85 % of the winding L \ o I L3+
c— B I o
Answer I - b—-—';fofg‘-—————m———.-_ln
: - +
1. The primary CT current for rei:;;gperatmn | ,.’E.EI;:.\ I
=13 x ||I_ =X
b l
1, =390 A |a =Y, .o ——4 ]~
IR =1 D B0 TR 3 i 18
2. - %ofwinding unprotected = = 100 ip—dc OC | OC{OC— . =
1. =1y RC ia
_ 390 ~ 4.5 3 100 =27.63 % ih:_i_ \.ELLRC )
. d ._Iiggo% ~-2763% ="7237T% o RC OC: Operating coil o
3. .. % ofwinding protected = . G g g S RC : Restraining coil
" $ ! 18 —— - ——— ey — - -
4. Resistance required for protecting 85 % ol winding 15 g1 Fig. 3.9.1. Percentage differential protection for
100 - 86 = Jdex K S Y-A connected transformer.
16 = 390 x R x 100J3 9 The polarity of CT voltage and current directions are taken for a
11000 particular instant. For both upper and lower CTs, the current at entering
R 156 x 11000 244 Q end is marked as positive and current at leaving end is marked as

= 390 x 100 x JE “ negative.
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— . II : ;
et e rnh*ilinnnf('umlmm.n“

S ——

‘RC" are the restraining coils of the n'lﬁ "

made in such a way that in cage, '

urrent flows in the opergy,
\

Power System Protection

4 ‘OC are the operating mil:f and
in Fig. 3.9.1. The connections are
oxternal fnults or normal operation, the ¢

coils of the relay.

4 Due to this, CTs of primary side are in oppositio
«ccondary side and under this condition, the relay w

[fa fault occurs in the winding, the polarity of the induced voltage of

CT of the secondary side 18 reversed.

6 The currents in the operating coil from CTs of both primary g
secondary side are in the same direction and hence relay operates.

7. The CTs which are on the star side of the transfc:r:_rmr are cpnnectpdi
delta to supply the matching current in the operating winding.

O R
Y
B

n to the CTs of
ill not operatq, |

CT secondanes

.-%..
=

-

el ([ —_—

Delta connected Delta connected
.0
LY L
B

1{’5&:011&31'5
h |
|

|
[
& The CTswhich ure on the delta side of the transformer are connected |
Y : Q
9. In case of Y-A connected transformer there is a phase shift of 30 in (, L E. »

line currents,
10. The zero sequence currents in Y side of transformer does nut* p@dw.
current on the A side. Thus zero sequence currents must be eliminaty,

using above mentioned connections.

I

Star-Delta power transformer
primary \
| s
. e s - g S
— T —

Delta connected Star connected
)54
(B
l_l L%
A
u W

'——-"‘“‘“'*'_"I\\[\;ﬂ; s=isal relas

s e T pre———

Fig. 3.10.1. Mer>-Prace protection for star<elta power trassSwrmer

Que 3.10. I Explain the protection of transformer with Merz-pri,

protection scheme.

Answer l
1. The primary of the power transformer is star connected while ()
secondary is delta connected.

2 Hence to compensate for the phase difference, the CT secondaries g
primary side must be connected in delta while the CT secondaries g

delta side must be connected in star.

3. The star point of the power transformer primary as well as tho sty
connected CT secondaries must be grounded,

4. The restraining coils are connected across the CT secondary winding
while the operating coils are connected to the tapping points on thy 7. With an internal foult in power transformer windings, the balance th
restraining coils and the star point of CT secondaries, the CTs gets disturbed,
. ; 8. Tho operating colls of differentinl relay carry curronta proport lonal 1o
i :fa;tﬂ];::: cﬂﬂll::i;:ﬂiil:;n:i;m oper:;i?n:fcfﬁi.ulnh; colla Reo NIy the differenco of current botween the two sides of n power transformer
; 9. This causes the relay operation which trips the maln elrcult brenkers on
6.  Under normal conditions no current flows through the relay and th both the sides of the power {ranloFmar:
relay is inoperative, .
10. Theo basic requirements of the differontinl rolay aro ;
i, The differential relay must not operate on load or external faults

RC — Restr=mmng col

OC —» Opemating cml
CB —» (Cmcaat breaker

Pilot ;

o]
/A

Yo

\

CT secondaries
R o-
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Power System Protection

ii It must operate on severe internal faults.

The relay satisfying these requirements 1S us
This scheme gives protection against short

ed in Merz-Price protection.

circuit faults between the
hen there is an interturn

11 1
turns i.¢., interturn faults. This 18 because W bl
fault, the turns ratio of power transformer gets alle r .

1 transformer become
! son both sides of the power .
e ok e h differential current which flows

unbalanced. This causes an enoug
through the relay and the relay operates.

Que 3.11, I What are the problems related to differential protection ?
AKTU 2016-17, Marks 10

Answer l
Problems associated with differential protection :

A Difference in length of pilot wires : The power system element
under protection and CTs are located at different places and n_nrmall}f it
is not possible to connect the relay operating coil to the equ pt_ltent:al
points. However, this difficulty can be overcome by connecting adjustable

resistors in series with the pilot wires.

B. CT ratio errors during short circuits :

1. The CTs used may have almost equal ratio at normal currents, bu
during short-circuit conditions, the primary currents are unduly large
and the ratio errors of CTs on either side differ.

2. Thisisdueto:
Inherent difference in characteristic of CTs arising out of difference in
magnetic circuit, saturation conditions etc.

i Unequal DC coraponents in the short-circuit currents.

C. Saturation of magnetic circuits of CTs under short-circuit
condition : The differential relays are likely to operate inaccurately
with heavy through (i.e., external) faults. The relay may lose its stability
for through faults. This drawback is overcome by using percentage
differential relay or biased differential relay.

D. Magnetizing current inrush at the switching instant :

1. When the power transformer is connected to the supply, a large current
(about 6 to 10 times full-load current) inrush takes place.

2. The differential relay operates due to such inrush current, though the
transformer has no fault.

3. Huwc:ver. thi:s difficulty is overcome by providing harmonic restraint for
the f:hfferent:al relay. This relay filters the harmonic com ponent from
the inrush current and supplies it to the restraining coil,

314 B (EN-Sem 7) Protection of Componegta
ic content of the magnetizi : i
e harmonic ¢ ; - magnelizing current is yge :
4. Estrﬂi"i"g torque during switching ON nftrnml'nrmer, d to obtain
g TapP changing
) Transformer transformation ratio is changed whenever -
' S are
cl]ﬂﬂng‘ ‘
Due to this CT ratios do not match with the new tap settings and result
2. .0 flow of current in pilot wires even during healthy condition su
g This problem is overcome by employing biased differential relay
PART-4
Generator-Transformer Unit Protection Scheme
S i
pm—— -
Questions-Answers
—._-.-——-__ w
Long Answer Type and Medium Answer Type Questions

—

'Ques-lz'l With a neat sketch, discuss the protection of

genemtor-transfurmer unit,

‘Answer I

i_ A binsed differential protection scheme is used for generator- transformer
unit.

9. The zone of such a scheme includes the stator windings, tho step up
transformer and the intervening connections.

3 In this protection, the generators are directly connected to step up
transformer to which it is connected, together from a
generator-tmnsfurmer unit.

4. The protection of such a unit is achieved by differential protection scheme
using circulating current principle,

5. While providing protection to such a unit, it is necessary to consider the
phase shift and current transformation in the step up transformer.

6. In this protection under normal operation, the two currents at both

ends arc equal and pilot wires do not carry any current, keeping relays

inoperative.
7.  When fault occurs, both the currents are different, this causes circulating
current to flow and relays trip which operate the circuit breakers to

isolate the faulty section.
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:‘—IHHEEN.:Q:M ,.tﬂ“'w PR Protection

s e ee— ""fr'hﬂuym.-.n“

Nower System Protection et b——— . i I —
e ——————————— g tect .
e wscniind 5. The yarious pro on schemes are :
("Ta Framo Leakage Protection of Bushar
Nsin s ¢ 1a—w
m‘;ﬁm Qar sm-anls . 0- etal cupporting frnlrnt-wnrk known as fault bua s earthed th
i T ‘:* : ;‘T When the fault is there, a contact between conductor 1:1:1“::3:‘;‘:
' 1 (™) d ¥ results :
- = urrent through this C
f . " : 11"_:|+l.|i‘ﬂ!'l‘“4 c &h this CT and energizes the frame Irakage
s 3 cen Lomp g izing the check relay i
zing the check re .
l = | foRestricted earth Lt Restraingg, 3 The CT encTEl K 4y 13 mounted in neutral earth of the
= § s e -ty (ransformer.
V4 [ I . The contacts of check relay and frame leakage relay are in series
| r-.—.- - B
t\ f' B"lb«'ll'
E * U ! t m‘:ﬂl L__“_..._-_ fectinn
| Eill.c‘h.'pgr
lk hru-lﬂl BfVereiual $ i" - *-fﬂmwurrk
| relay ? 9 9
| '
| Fig. umt.wms!ﬂﬁwmwu unit. - ! -“-‘—‘ --—' — [
_ Feeder | Feeder2 CT ko ‘Frm
| PART-5 i 2]
. R [T 7
Bus-Bar Protection. _ 2 Incoming | e Tnp coil
— transformer| ‘crh
eck
Questions-Answers - s
:: To tripping arcait of
lﬂ(mtfponndhkdiumm‘l‘ypomuﬁuns s> ABandC
i - L_—- —_
E Fig. 3.13.1. Frame leakage protection of busbar.

Que 3.13. ' What are the faults which occur in busbar and how isj +  Thusbefore trippi circrill gets saarwized. both the velay sparaie sod
due to this, all the breakers will trip connecting the equipment to the

OR busbar.
With a neat sketch, discuss the differential scheme for bus-zon, b. Circulating current protection of Busbar :

protected ?

protection. AKTU 2017-18, Marks IE 5. Ta, Tss .. Te are the currents in the circuits T

busbar.
Am] . i

Under normal condition, I =0=> I, + I, + ..+ [, =

A. The various busbar faults are :

L.  Falure of circuit breaker. Hence relays remain inoperative.

& Earth fault due to failure of support insulator. 9. Under fault conditions,

. Acadents due to foreign bodies falling across the busbar. I+ L oid I =1,
iv.  Flashover due to heavily polluted insulator.,

where I, = Fault current

Errurs in the operation and maintenance of switchgear.
3. Hence, the relay operates.

-

u
i
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3-18
e ~J fvon by using identical CT having lar

|
e — — |

Naer System Protection

#elronecores
with maximum fault currents, thia problem is na

the presence of DC transiont companants wwing

—

- —m— )

Lo avoid satiyye U ’
{ solved hoo Mo of

T their oloyw e Cavy '
asing of differential relayn though improves stabilit
| in not a complete solution. Thus, anpecial ty
1la0 enlled linear coupler isemployed to oy

difficulties.
in case of linear couplers, secondary voltage i proportional fo the prim
elld 1 o .lr}l'

; current nnd the secondary windinga of all coupler an the same |
; " 3 a
coction are connected in seriea Lo the relay as shown in the Fig 3 l'; 1‘

yeaonmderably bagt
fA of ¢ r hav INKE No iron eore
ercomn {he Hl’lrﬂ? mentinnes)

:

I
R

Rz»'nA l.' T Iﬂgaﬁ

(N _
Lines
Fig. 3.13.2. Circulating current protection of bushar. | > E i 4’,

High impedance differential protection of busbar:

@
cr hY
!
Ras
I

- m———

C. l
A ] - D Dushar - l &
l l I ;rl _..ff---d—-—--“l _ ltoiuy
T Fig. 3.13.4. Linear coupler scheme.
ll ! &l ll = Tripping
9 [ cireunt !
- - ‘Af t | PART-6
& é” I é” 1'; _ﬁzn 5 | Transmission Line Protection (Current!Time Grading, Distance),
o l High mﬂrorur”*:';:‘“‘ | , Questions-Answers
Fig. 3.13.3. High impedance busbar protection. | Long Answer Type and Medium Answer Type Questions
1. Under normal conditions, relay is inoperative. During fault conditions o
unbalanced current exists. Such an out of balance current If flow, = _
through Z, causing a high voltage drop V; across it. It is given ul Que 3.14. | What is overcurrent protection ?
transformer. OR
2 A measuring unit is connected to the secondary of this transforme Enumerate the concept of ring feeder.

which measures this drop and trips the relay accordingly.

' Answer
3. Main advantage is that as voltage drop is sensed, saturation of core o o g e e
one of the CT has ao effect on the protection scheme. , Overcurrent protection is divided into two methods

d Differential protection of bus using linear couplers : | A Non-directional time and current graded method :
L Indifferential pretection afbus the main drawback ie the diffarentcl 1 {;: mmurizl used for the radial feeders. Definite time relays are uged in
saturation condition of different iron cored CT. = I::si 3 | d hi bad i dhad b o i . f
: : 5y : . 2. e ¢ principle used in this met that the minimum time o
%  Thedifferent magnetic conditions of iron cored CT may result in fals operation of the relay decreases from the generating power station to

operation of the relay at the time of an external fault. the remote substation.
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m of a radinl foedor. I'or n

ercurrent yrotectie !
Do I ten first with relay time of

e A 14 1 shown the |
h { Rreaker at ) opera

fault bhevond D, et

R
<= Non-directionnl
\ 1 ¢ D rolny
‘ - > - - -» - % Clrenlt brenkor
TS e ha e |
Yanmet Thme (1 ) ‘.‘u_ —
siation
Relay tripping
00 (ime increnses
e —— H"l".-
Fig, 2040, Time grading for radinl feeder,
4 The protections at A, R and C operate as backup protection for fnults
ith o time delay step of 0.6 see.

t

R,

-

hotween Cand D, relay at Ctrips w
¢ Thus for the section RC and AR, the time

The relay time at Cis 0.8 s¢ '
lay step lies botweon 0.3 and

dolay is successively increased. Time de
05 s

The main disadvantage is that the time

mncrease to very high value.
2 sec, then the protection is not recommended,

wlts near supply must be limited to 2 see.

of relay at power station may

If this time 18 more than
Hence the tripping time for the fi

Directional time and current graded protection :
he information about direction of

he fault from both the directions,
ers on both sides must

In many case, it is necessary to obtain t
flow of power where power can flow tot

In such cases, it is necessary that the circuit break
trip. Thus the directional relays are necessary for such systems,
The examples of such systems are !

Parallel feeder protection : Fig. 3.14.2 shows tho parallel connection
of three feeders which are connected between a power station and

remote supply point.
Let the fault occurs on the second feeder. This fault is supplied from

three paths :

From power station directly.

From feeder 1 through receiving end busbar indircctly,
From feeder 3 through receiving end busbar indirectly,

It is necessary to open circuit breakers 3 and 4 to clear this fault and
duconnecl the feeder. Thus the non-directional relays are employed on
supply side while the directional relays are employed on receiving end.

T 4

b,

) _
| rﬂlﬂtllnn of Components

Rocolving end

®

:.; ®
11 l.,,xl L

O w3
Direetional
rolay

lp
ly

OF T O,

OM O

w Cireuit
hrﬂntﬂr

T - -
From power station

Fig. 5.14.2, Parallel feeder protection.

Tee feeder protection :
The method of protection used for the parallel feeders is also used in the
protection of Tee feeders, The arrangement is shown in the Fig. 3.14.3

[n this method nlso, the arrangement is such that the relay elements
near the generating station are non-directional while those mnr_l.hn
receiving ends are directional.

The directional relays are sot for the lower time setting as well as current
sotting than the non-directional relays. Thus the directional relays
operate before the non-directional.

X Circuit breaker

- -
——e - <a» Non-directional relay
— Directional relay
@—__ﬁ Receiving
Genernting | > i end
station o

>
Receiving end
Fig. 3.14.9. Tee feedor protection,
Ring main and interconnected system :
In ring main system, the various substations are interconnected by the
alternate routes and henco the overall system forms a closed path.

This ensures the continuity of the supply to the healthy part if any
section of the ring is damaged and separated for the repairs.
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s B |

1N Systiem Ietection

Uenerating L\\ N Cinvudt brvaker
sialin 1 4% Non-divectional 1
— = = . l ‘Il
\, T L\I . =& Directional wlay v
X -~
"h\ P v . ‘H.,_\\\: Fll
S ‘ ' ‘
B " T \‘\LT—I
R, {* : "I //
> - - l'l.
ol |

| </
Ml T 7%,

1Y,

- Fault
Y

Fig, $.04.4, Drotection of ring main system,

I the fault develops in a particular section CD, then it will be fed frop,
lt'ﬂ." SOUTCEe "‘I““IRI‘ I‘-‘lllp “I]d lh"lh t? “,ﬁ hh{}“'n 1“ the FIH. :;a l‘.’ Ii"

In such case, the settings are such that the relays at D, and D, only wi||
trip and disconnect the faulty section The remaining relayvs are

L1

d

inoperative

Que 3,15, I Define the terms : Plug Setting Multiplier, Time/PSM
curve, Time Multiplier Setting.

Answer |

A Plug setting multiplier (PSND : The ratio of actual fault current in
the relay coil to the pickup current is called plug setting multiplier,
. . l
. Faultl current in relay coil
PSM= — —
Pickup value for faulty system

B. Time/PSMcurve:

I Forarelay, acurve showing relationship between time and plug setting
multiplier is called Time/PSM curve. It is observed from the curve that
for low values of overcurrent, the operating time varies inversely with |
current

)

But as the current becomes 20 times of its rated value, the time becomes |
almost constant. By using this curve (Fig. 3.15.1) and time multiplier
setting, the actual time of operation of a relay can be obtained.

R S U T T
o "-j_l £ " i

a 0" ‘RN'S“"PT} !
‘I,..ZJ l‘ — F rlllf‘i"lli" llr{ 4"”"‘-"""” .

Time in

[TTAL

N

04
———

—

""-\.“-_ .

i —
—

_.J__L_Lq_l__[ |
2 4 0 8 10 u""“L“"‘“IL”—'———-I-PHM

Fig.2.18.1.
Time multiplier setling (TMS) ; Similar to current «
pr"ﬂdml with a feature with whickh ita time of oper,
This feature is known as time multiplier setting

otling, arelay ia
Won can be eont rol lev]

Actual ime =Timo in second * Time Multiplier Setting

TMS < Actual time of operation
Time for PSM obtained

aug 3.16. | An IDMT overcurrent relay has a current setting of

150 % and a time multiplier setting of 0.6, The primary of relay is
mnnt‘t‘lﬂ'd to secondary of CT having ratio 100/3, Calculate the time
of operation if the circuit carries a fault current of 5000 A. The
(ime-current characteristic of the relay Is given in Fig. 3.16.1.

1

121
10 -+
Time in A
seC 61
4 =}-
2
: I -
25 20
PSM
Fig. 3.16,1.
AKTU 2016-17, Marks 10
Answer I

Given : Current setting = 160 % = 1.5, Time multiplier setting = 0.6,
CT ratio = 65/400, Fault current = 5000 A.

To Find : Time of operation.
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Power Svstem Protection n-23n "':P?H’E-‘E
| :‘:ﬂl::\:nh Current in Relay Coil) = Actual fault current x CT ragjq
- 5000 » 4;] - 62.6 A
| CT = 5 A (Rated Secondary)
| PSM = 5‘?155 - 8333

I'\]"\l‘lm rlﬂ 1 IF' I. HF]“"-‘““‘H'" 'l'lm{‘ fl'l'r l':':hl “fH“:]:] i.'l I H' BCC.

‘me Multiplier Setting
: . ) \ , Time = 1.8 x Time
1 Actual Operalang e =) riom

Que 8.17. | What is unit protection and distance protection ?

OoR
me-distance characteristics of three impedane,

for L. 11 and 111 zone of protection.
[AKTU 2017-18, Marks 19]

Fxplain stepped ti
relaving units used

Mm;—l

A Unit protection : U
the system Le., 8 Lrans

B. Distance protection:

nit protection means protecting a specific area of
former. transmission line, generator or bus bar,

< ! ' Substation
Power SQubstation Substation
station jt— 7~
B c F D
A /
(a)
f I
=z | Zonel l Zone 2 Zone 3
|
e ‘
[
B
-
.
B C
. (b)

Fig. 3.17.1. Distance or impedance protection.
1. Fig. 3.17.1 shows the simplest system consisting of feeders in series
such that the power can flow only from left to right. The relayatA, B,C
and D are set to operate with impedances less than Z,, Z, Z.and Z,

respectively.
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Proteet on of Cam ponent 4

For » short-circuit fault at point p hetwenn stihat gt :
fault loop im pedances at power atation A and nulhtnlf?nq Cand D, the
in

(Zy*Zn* 7),(Zy 4 Z), and Z respectively. Now only re| g Care
(" will operate. da e

gimilarly for short-circuit faults between 4
hetween power atation and substation g only
power stat ion A respectively will operate.

A _,“r_qlpn‘t with instantaneous irl'|p.ry-]_t-“.-"\-:‘!l rel

|oga than or equal to the impedance
F[H J 17 ll'rl }., 'f".lhl II‘ fhmcult lﬂar.ljﬂﬂ‘t;a

soctions is likely to cause the operation of

ubstationa and €, and
relays at whstation A and

of a gection. as shown |n
fault near the junetion of two
two relays,

Furthermore, if a fault of finite resistane
section, it is possible that total impedance i
ﬂp,cmli{m. For these reasons it is advanta

relnys.
A number of distance relays are used in association wit

<o that the power system is divided into a number of 25
tripping times associated with each zone.

The first zone tripping which is instantaneous is normally set to 80 % of
the protected section. |

The zone 2 protection with a time delay sufficient for circuit breaker
operating time and discriminating time margins covers the remajnu;g
20 % portion of the protected section plus 25 to 50 per eent of the next
section. Zone 2 also provides backup protection for the relay in the next
section for fault close to the bus.

Zone 3 with still more time delay provides complete backup i
for all faults at all locations.

@ occurs near the end of 4
S greater than that for relay
geous to use impedance time

h tiﬂ'"ng’ ﬂilﬂ};g
nes with varying

Que 3.13._! Draw and explain the characteristic of Mho relay on
R-X dingram. Discuss the effect of power surge on its performance. -

AKTU 2017-18, Marks 10

e

Answer I

A Mho relay : Refer Q. 2.20, Page 2-29B, Unit-2.
B. Effect of power swing or surge :

L

2.

During disturbances, the rotor of generator swings around the final
steady state value.

When rotor swings, the rotor angle changes and the current flowing
through line also changes. Such currents are heavy and are known
as power surges or swing. |

So, when the phase angle changes, the current flowing through
line also changes. Therefore, the impedance measured by relay also

changes during power swings.
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3-26 B (EN.
'f‘ — L . n!ll'll'hlin'“ 'lem-7 ! FN'S"m"T'
L5 | —~ | 1'?“ 'I; (A ljrntrfl’inn n“--
Sk absown the haracteristic of llmlnnni relnys and sl - K n of Component
4 Pg 3l l'. \ diagram. [t s Y ident ftom the Fig. 3.18.1, thay thr | ’/'-'-I
surges on A T cupving greater area on the R.X diagys e Answer
.,‘.'p.“ ILI" ||:l1l-“l Uy l ml. I I‘"'ﬂr wir{l .prnlﬂ?tlﬂl.'l:
|- TAN L Il ' 1" " Ill‘ . h,l' '-“"t ; Iﬁ'“‘ l'l"ﬂ more naren 1.]”“1“ hlhu rpln, i l 1" [hﬂl*lril“ﬂ'lﬂ:}:;rl;"l:l'i:_;::r: Hl"l'l;‘ﬂ}f;. lhf" f‘]rrﬂnt pnlprinu af one l r
Ihe 10 pedance T : , i : ' ind leavi 'rend of line ig ¢ ' end o
{ 14 aifected less than the reactanct relay, :::T;II Lo connect the relaya. mpared. The prlot wires are
, : | operation, the tw
X tnder norma ' O currenta at |
| ! i :"1“' wires do not carry any current, k"“Ping rpT:':“E;I'::l .11.:'1"1 f‘"lu-’ll nand
& , Starting unit for \ when fault Ht curs, h;"”‘lth“ f;lrl'f‘ﬂl}!:nrﬂrlaﬁﬂrﬂnt,thlnruz:n: ::: lati
- a et o rolav ' arrent to fow and relays trip which o ra _ Wating
..'k - e : :ll-.:rlnlt- the faulty section. perate the circuit breakers tq
o R ho various schemes are ;
~ v e Renctance relay 4. Ihe  JON s Itage bal
| mpwsCim P i } l ﬁ. hi.pr"f.“ l'll.i VD g ance H}fl“'l'l'l :
reial — Mho relay e @ peesew '
Dipertianas >R B ? Re——{T) = -—-f::'l"-'---.--_-:’:}t;'f:'rl_.a
M. § WY h!.n Y" .—]rﬁ\l-‘—‘ —'—_'i'ﬂ\— —
Fig. $.18.1, Effect of power surges on distance relays, o= /) e o - @ -
+ I
}
PART-7 :
_ . Relaye ,,1? . Relaysi
Pilot Relaying Schemes. _— wires ‘
otn { ‘
- y— circuit - ) _T.- E:;‘::
L | Under normal condition, both the currents are equal. Thus equal and
Long Answer Type and Medium Answer Type Questions ~ opposite voltage are induced in the secondary CT at the two ends.
e Hence no current flows through relays.
o Under fault condition, currents are different and secondary voltage of the
two CTs also differs. Thus circulating current flows and trips the relay.
{"\ Que 3.19. I Describe pilot wire protection. Longitudinal differential protection system :
: OR a.' Translay Scheme :
Explain in detail about longitudinal percentage biased differential Feeder an
protection. I winding
OR ' CT . P
Explain circulating current scheme used in wire pilot protection. o— Upper electromagnet
0
AKTU 2019-20, Marks 07 ﬁ t
OR Pl
What is important operating principle which are used in pilot wire Copper | ‘_J’“ tndmp it
scheme ? Discuss the transley scheme of wire pilot protection. s —= T — i
AKTU 2020-21, Marks 07 | o i g ;
: -t ectromagne
Secondary Py il &

winding  pjg. 3.19.2. Translay relay,
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vl i L TRLL!

P, |

e

lave are weedd 1n feeder irill_t_m’l and in this two Bu;h " -
al tl"' {win fl"’,']i l'lf [l‘l'lil‘l' ns ""h'”"n- n i" l' Iu :I ]!} :l ‘h !

CT

|'h|'- i 1

are 'I‘”“"I""‘ 1'1‘

o Feeder Feeder

Relay 2

.
ISR IWIEY

Pilot wires
Fig. 3.10.8, Translay scheme of foeder protection,

The secondaries are connected o ¢ Lhe 4 wir |

connection 1= such that the voltages induced in the two secondariy, |

GPpREe '[".h,"h 1."'”“"" I‘
The copper coils are used to compensate the effect of pilog Wirg
capacitance currents and unbalance between two current lrnnsl'urmm

Under normal condition, the two end currents are same. The Primllriu
of the two relays carry the same currents inducing the same v“ltﬂl{l‘ ln

the secondanes.
As these two voltages are in oppesition, no current flows through the
two secondary circuits and no torque is exerted on the discs of bot}y the

relays.

When fault occurs, the two currents are different. Hence unequal voltages

are induced in the secondaries due to which circulating current Nows
causing torque to be exerted on the disc of each relay.

But as the secondaries are in opposition, hence torque in one relay
operates so as to close the trip circuit while in other relay the torque just
holds the movement in operated position. The case is taken that at leas
one relay operates under the fault condition.

i

R e g T —— T .

—

Solkor scheme :

Resistors each approximately equal to the pilot resistance and bridged
by a rectifier, are connected in series with the pilot circuit to obtain an
artificial mid-point connection for the relay coil, I
As the conducting directions of these rectifiers are in opposition, the
¢quipotential point alternates between the two ends during
through-fault conditions, cach relay being at the mid-point on alternate

half-cycles.

e —

The seriea rectifier in the relay cofl eireus ——t
in the relay cireuit when it s not &Pﬂfﬂli,,! - ['h, urrent from lowing
Plee

CT

r internal fault conditions cyry
4. Under _ _ current flowa in the r -
operation. !Judd.mg rnnmtarn are induced ty enable the :Lﬂj;::::?u;g
complete pilot circuit between the relays to be adjusted 0 lllm' “n the

PART-8 |
Power Line Carrier Protection.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Eue 3.20. | What is carrier current protection ? What are its merits

-nd demerits ? AKTU 2017-18, Marks 10
OR

D ibe the different components of carrier current protection.
ese OR

What is carrier current protection ? For what voltage range is it
used for the protection of transmission lines ?

AKTU 2020-21, Marks 07

Answer
Carrier current protection : Refer Q. 1.8, Page 1-9B, Unat-1.
Components : The main elements of the carrier channel are
Transmitter :

When a voltage of positive polarity is impressed on the control cirewt of

A
B.
L

l ¥

the transmitter, it generates a high frequency output voltage.

3, "y
s .

S\l
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Prswer System Pyotection

| vollage 1% 'ln-lun'h-t‘ll et ween one phase conductar of
5:1._.-1I‘|I|1 LEL

RILL nnd {he « .Hlll Tllt' farner rl"iluf'l‘".\,r r"“ﬂ" ia
of about 100 W

I FANALIYI A

r' 'I" 1y 'Tf”]h]lf inti ll-l!'\l| ra

il. Hevrelver!

j ) rrser current Teceivi r reqivivet earrier current frum “,‘ h
i on ¥ L

fransmitler Ak we I aa Trom ”1" transmitter al “”“-r end “fl”"' IIIH"

voltage that can be used n a e lay or other circuit to perfory,
desired funclron

s voltage is zero when carnier current is not being received

. Line traps

Lane traps shown in Pig. 3.20 1 are parallel resonant circuita ]""‘”"I{
hle LI dance to power iqum'nr_v current, Illll vnry l'iuh

Neg L
1 i‘H"‘E'.I.-t Lo carmer ’lﬁlm'lu_\'HI!TPHIH.

L —— used to confine the carrier r“rn-nluln”h-prulw-lwl mwh’u”“,m

to wvond interference with or from other adjacent carner-current channg),

( onergu ntly the carrier-current can Now Hlll}' nlmu; the line ﬂt-l-[i”n
tetween the traps

Coupling capacitor :

Coupling capacitor is used for injection into and l"ﬁl‘l'i;rl ”r'-'“rri"rnign“]‘
from Lhe lind

The capacitor gives an impedance of fow million ohms to the 50 11,
power current but only a few thousand ohms to the carrier freque

D | !I ' Transmission line

{'I
Curcuit ~L U“pr.m“""h -
3 i capacilor -

ncy,

1

hn'u'tr-r

[_-T It l K T
Control _.__J .é' ’ ,f)ulput’ +- — ‘.:ﬂnlrﬂl
CLrEUI]  — w’ \r circuit
T « Transmitter R= Receiver
Fig. 3.20.1, Schematic of carrier current protection,
Advantages :

ltr:;m o fast and simultaneous oporation of circuit breakers at both the
L b

It has a fast, clearing process and prevents shock to the system,

3208 (EN H“"'"?l
the
frr”n

"ﬂl

1n e Tecd the receiver converis the receivi d earrier current inty nix

Hny

. - .‘ ] )
—

f

Li

T — g ML!

L g0 8 (EN-Bem?)

lll-nrlwmlug;-. .

' avoid operntin "

I" “rfll r tny v l n d‘l“ tn 'D‘inm“ .iF '
| or pignals should be set gt g |y l nals, (he
re eV M N ‘Fl‘l#p.r l‘”’l“l
Y tner
raints

Que 441, | Describe the tlifh-rl_-nlr:mnﬂﬁm‘.nh of e

arri
yd explain phase comparigon devicn “F protection,
ORn TUET protection,

F
| (LT
#Ction nf f.'fr?'-u
| .-h-l*r.‘.i

Amphfier and oscillator are continuegya)

‘I i )

d, . ﬂII”“':‘"- |‘|"|ﬂ l'r'rl'l'n--.lr ”ﬂ”ﬂ- nre r'”ﬂi‘l
re ’

scheme W

Jain phnse comparisan me
(AL

Ot 4 i
what Is unit protection 7 Discusy the phase COmparison scheme of
. nt protection, A “me
carrier €T AKTU 201718, 3z
OR » Marks 10

derstand by carri
at do you un y Cr current protec
g:lphliﬂ phase comparison carrier current o ME::?: ;::Tr ?

IH!WEI'
A Unit protection : Refer Q. 3,17, Page 3-23B, Unit-3.
B, Carrier current protection : Refer L8, Page 1-9B Unit-1

Carrier current protection components : R :
Page 3-288, Unit-3, efer Q. 3.20,

Types of carrier current protection :
Carrier aided distance protection.
Phase comparison carrier current protection :

Fig. 3.21.1 shows schematically the principal elements of equipment at
both ends of a two-terminal transmission line using a carrier pilot.
2. The transmission line CTs feed a network that transforms the CT output
currents into a single phase sinusoidal output voltage,
This voltage is applied to a carrier-current transmitter and to a comparer.
4. Theoutput of a carrier current receiver is also applied to the comparer.

The comparer controls the operation of an auxiliary relay for tripping
the transmiasion line-breaker.

6. These elements provide means for transmitting and receiving
carrier-current signals for comparing at each end the relative phase
relations of the transmission line current at both ends of the line.

7. For an oxternal fault at D in Fig. 3.21.1 the network output voltages at
stations A and B3 are 180° out of phase as shown in Fig. 3.21.2; this is
hecause the CT connections at the two stations are reversed.

-FT P O
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R B 4

-0 s
N — [ IHIGN'H""‘f?I 102 lH;-:N-Hum-'” Protection of OMPOeny | :
— 1
(' .,1|I;|1‘:|Iill r:'::::l[' — I::;': I\ | ?ru:/m‘] What Is 0 carrier l"""’"""l-t wohome? Disey
h Ll o (] IR = + ” + “ [+-—~ |¢lmnf‘l'"fu over othor Lypens of f'llrrlurnhlwl dlat S FEE
| M 1 Llh} i - ‘ W ARTU 10 Protection,
— = A“.wm‘

hlocking schemo g

: A Corrior
=5 - i H l (n Lhis ”LII"m:t;:,f':t:,:-r::::ll.l;”‘ r;;unnl I8 used Lo block the operation of
I"\-'-rlu o I'-' ‘ | L) I H] [ ”I..T-':“* | Network |ﬂ ) I‘II']"-"’F Inenee S e of the
b B S * It occurs on the protected )i
~ Whenaofou ‘eted line section, there | |
J l [»-——--- ‘ ’ of tho carrlor signal. ereis no '-fﬂnnmlqniun
| — [":. an i king schomen aro particulnrl .
Com ””""Jr Comparet r o hloe ITly suited te
[- . i1* N F’F - ‘ # mull,l-undml linen, ) the protection of
To auxiliary  To nqqilinr:.- T = Tranamittoy i In this 11|:I1n1|1u the zone 3 unit looks in the reverse direction and i
tripping relay  tripping relay It = Recoivor | ul}l{wlnnﬂﬂlunnl Lo provent the operation of zone 2 unit &t the ott sends
' 2 other o
Pig. 3.21.1, Schematic of carrior phase comparison relay, for an extornal fault, nd
when o fault occurn at /) ns shown in Fig, 3.22.1, it is
& Since an AC voltage is used to control the transamitter, cm‘rlnt'{:ut‘rvntin : relnyn ol both ondn A and B, Seen by zone |
. . duri ) ‘eyeles of 0w : ;
transmitted only during the half eycles of voltoge when the polarity i, p (onnoquently, tho fault is cleared innl,nntnnmualy at both end
posilive ' tod li ends of the
]}mu.Lm{ no,
The carrier current sl - \ Iy wnd B ; :

9. The carnier curt ""[1 “"“l"f‘h: “f"jﬁ."‘"l,t T:*lr::::ltn::ij}r:l:l {ll-rf"::l;:i [“r:"l;]“ din | 7. Thocarrior slgnal is not transmitted by the reverse looking zone 3 un;
time, =0 that there 18 always earrier cu IR e endor ' bocaune it does not seo tho fault at Fl' nit
other 7

: A 7
} A
A Breaker Z A
| ¢ ol no® ; :
p : h . .
I D 4 8 l D ! I T o Py ¥, 8 Iy
] E o T R
v Distance
Fig, 3.21.2. Operation of enrrier protection, 7 ) Z1n
_— 21 -
10, Forinternal fault at C, the network output voltage at station B rovorses L

because of the reversal of power line currents ot station B, Mg, 3.22.1. Stepped time-distance charncteristics of relays

11, The carrier current signals are concurront and thore is no signal from for carrier blocking scheme,
either station, '

8. When o fault occurs on F,, which is an end-zone fault, it is seen by zone

12, Phase comparison relaying ncts to block tripping at both terminals 92 units at both ends A and B and also by zone 1 unit at B,

whenever the carrier current signals are displaced in timo so that there

18 little or no time intorval when a signal is not being transmitted from | 9. Tho fault is cleared by zone 1 unit at B and instantancously by the zone
one end or the other, 2unit nt A,

13 When the carrier current signals aro approximately concurrent tripping | 5 TURINEHD & Gl nnu ERBORETRERG LIS OIS RSN TMIRIL R SEr
will occur wherever there is sufficient short cireuit current flowing, _ dolayod.

11, Tho instantancous oporation is through Z,, and RR, as shown in
Iigg, 3.22,2(n).
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399 R (EN.Sgp, :

Power System I'rotection ) ] _- ) . g ___-_—- — prr‘h‘f.tiqn ;
_ hrough T, As the fanltis an intep o — e s &4
N 'tllr::T;'u.ﬁ-h::l:.:il :::1‘::1:1:::::‘:1: the l'*l'll'llll.':’l" alggnal. o One, = VERY IN[PORTM Q ~
11 When a foult occurs il .F"" it in neen by l|ll;; forward looking zone 2 i ﬂny questiont re oo ‘ QUMONB
{ and the reverse looking zone 3 unit at & e may be ashed in ynurgEEMﬂWW
14 1w an external fault. NUT'"'I'"”}'- it has to be cleared h}' the Zone | llni[ UNMRSIW | EIONALS as u!’rm"‘on.
associated with line Bc | E“MINATIO :
15 So to prevent the operation uf. zone 2 ':““l.nl Afli a carrier hlﬂ“nl l £ ——N
(ransmitted by the reverse looking zone Junit at 5. Q. 1. Give the complete Protection e
16 1 this fault 18 not ¢ leared instantancously by the relays of line HC; the ADE: Refer Q. 3.4. me for “"’"‘ﬂntar,

1 . v zone 2 time lapse,
sone 2 relay at A will trip after the 7 pse, as h“fk'up

i the protecti
et Q.2 Discuss P ction emplo
protection: _ the alternator againgt m:n d"g;]u:i:: the field winding of
pog: Refer Q. 3.6 '

; Trip relay
A -
+ '_',"TTTE_—_*@' Q. 3. With a neat schematjc diagram lni
|-_rF|( transformer with differentjg) p;net:z?ln the protection of
__“? Ani Refer Q. 3.9. On scheme,
' Q.4. What are the problemg related to dj
—l ®—_ Ang Refer Q. 3.11. : y o differential Protection ?
?'.l Timers 1
- @—— . Q. 5. With a neat sketch, discuss the differential sch
(a) Trip circuit 7 zone pmtect[un_ scheme for bus-
|®

Ans. Refer Q. 3.13.

Q.6. Explain stepped time-distance
impedance relaying units used
protection.

Ang Refer Q. 3.17.

To remote end

. characteristi
HHSend circuit - 2 ristics of three

for L, I1 and 111 zone of

Signal
receive * 9

Z
y 2 l;o =2
“1
.‘-g
“JAND

tb) Signal send nrrongement (c) Solid state logic Q.7. Explain in detail about longitudinal :
. : percentage biased
Fig, 3.22.2, Carrier blocking scheme, differential protection.
Ang Refer Q. 3.19.
B. Merit: The relay will operate for end-zone faults in the blocking scheme 8. Explain phase comparis
even in the event of the failure of carrier signal. But in the case of @ prc::.ectinﬂ. . on method of carrier current

transfer trip schemes, the relay does not operate instantaneously for

Ans. + 321,
end-zone faults in the event of the failure of carrier signal, Ans. Refer Q.3

C. Demerit : This scheme is not economical as compare to other scheme.

) ©OO

LA
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- Part-1 :

. Part-2 : Arc Extinction TheOoTies .inennnnss 4=TB to 4-8B
Part-3 : Restriking Voltage Transient ..o 4-9B to 4-14p
Part-d : Current ChOpPINE..ccsusmmmmsssmnsesers , 4-14B to 4-17R
Part-5 : Resistance SWitching cmmmnmcs 4-17B to 4-18B
Part-6 : Capacitive Current Interruption ......... 4-18B to 4-20B
Part-7 : Short Line Interruption ... 4-20B to 4-21B

r! Part-8 : Circuit Breaker Ratings ..cicessessies 4-21B to 4-22B

: Part-9 : Testing of Circu‘it ..... st et 4-23B to 4-24B

'r Breaker : Classification

,i Part-10 : Testing Station and Equipments, ........ 4-24B to 4-27R

' Testing Procedure
Part-11 : Direct and Indirect Testing......cccccevevuee 4-27B to 4-30B
Part-12 : Selection of Circuit Breakers............... 4-30B to 4-31B
Part-13 : Constructional Features and ............. 4-32B to 4-33B

Operation of Bulk Oil Circuit Breaker

. Part-14 : Minimum Oil Circuit Breaker.............. 4-33B to 4-34B

| Part-15 : Air Blast Circuit Breaker ........cccc.co..... 4-35B to 4-36B
Part-16 : SF; Circuit Breaker .........ccccoieeennen 4-36B to 4-38B
Part-17 : Vacuum Circuit Breaker ....................... 4-38B to 4-40B

\,\Ll’nrt-lﬁ s DC Circnit Breaker . ... e eiceceretorerss 4-40B to 4_.41];)
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Arc characteristics are given by
voltage between the electrodes of burpip,
values of current.

with the increase of arc current, the tem
jonization becomes more active and the arc vol
The increase of arc current increases ¢
on the voltage.

If the current changes rapidly with time t

as dynamic and if the rate of change of current ; i,
characteristics. ent1s small, it ig ¢

= D

Static characteristics
Dynamic characteristics

0 — |
Fig. 4.1.1. Static and dynamic characteristics.

Ifthe current is suddenly increased, the instantaneous voltage across it
is found to be higher than that given by the static characteristics. It is
because of the heat content of arc and its surroundings. :

There is thermal hysteresis in changing the are, 1.e., total heat content

in steady state as well as heat loss depends on the current but any
change in heat content is affected slowly.

The temperature of metallic arc spots is about 2000 °C to 3000 °C, whereas
with carbon electrodes the temperature rises up to 3000 °C to 4000 °C.
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Hu riy: which makes the moving conggey to rnn:m” r"""'lnfklnan
gReY ' e, -

Athoc ontacts of circuit broakor epnrated

i ﬁ:;,rumnrﬂﬂ and initiation of arc ; |
Under fnulty conditions heavy current flowe thro

qreuil hreaker before they are Opened . U8h the m“t“ﬂlﬂflhn

cir on na the contacts start Beparating, the

, will increase the current rlr.-ns:itylﬂmj Py

The medium between the eontq '"M'_'"'-’T’f“ rise in the

5 A

J/a \/f
N d : or electrodes |
 For carbon electrodes in air (b) For copper ¢ 8 in air
i{i? Or i )

Fig. 4.1.2. Voltage and current waves of an AC arc.

An RO

.wlll[."
(emperature.

IP" ““- or ﬂll.

iv. During interruption of loaded circnt, arc tiIF{‘hurgu(:ﬂkoﬂ place thay The heat which is produced in the medium i"ﬂufﬁcipm
w . n r $ i ‘: 5 1 w . [ H ] . ’ E ] u
results in large quantity of enengy (W) being released in are space (jj, qiror 0il which will act as conductor, Thug gn ik II'ltmn;:l.lll}i'lI.-~:| 10nize
orm of heat majorly). ontacts. The potential difference I’Ul"-'-'l:t:nt t* tween the
forn J c € Cortacty
itain the arc. 13 5u icient to

mail |
Then the relay excites the

qurnched,
properties of arc: Reler Q. 4.1, Page 4-2p, Unit-4
Maintenance of arc: :
The initiation of the arcis done by field emission and thermion
omic émission,

The clectrons which are travelling towards anode col|j :
clectrons to dislodge them and thus the are jg maint:i{;:ige with other

The ionizing is facilitated by :

High temperature u[" the medium around the contacts .
densities. Thus the kinetic energy gained by moving e due t:;:’;h current
The increasc in Ifinetic energy of moving Elﬂﬂtrunaludc::to thmcr&:wd.
gradient which dislodge more electrons from neutral mnlecm:,"nltage

The separation of contacts of circuit breaker incre

path which will increase number of neutral molecules. M‘:‘?ul:ngth of

the density of gas which will increase free path muvementei?;ﬂe
“

electrons.
Fixed contact Moving contact

; '

11- - ‘rf‘[‘ﬁlfr fil"l‘.’l."t. |J‘rf'ﬂkrir tfl nmnit’
r tﬂnlacu ﬂnd .
s arc s

O

i = Instantancous value of current,
¢y = Voltage drop across the arc.

t. . = Time during which arc exists.

where,

Que 42, , Describe phenomena of are, properties of are, initiatjop

AKTU 2016-17, Marks 10

and maintenance of arc.

OR
Describe basic principle of operation of a circuit breaker,

AKTU 2016-17, Marks 10

Answer I

A Operation of circuit breaker:

1. The circuit breaker mainly consists of fixed contacts and moving contacts,
In nqrma] ON condition of the circuit breaker, these two contacts are
physically connected to each other due to applied mechanical pressure

on the moving contacts.
2 There i:s, an arTungement storea potential energy in the operating Ry Bt
mechanism of circuit breaker which is released if the switching signal is ? -~
@iven to the breaker. Are els
Fig. 4.2.1.

3. The potential energy can be stored in the circuit breaker by different
ways like by deforming metal spring, by compressed air, or by hydraulic
pressure.,

Que 4.3. | What do you understand by high arc resistance and low

arc resistance methods of arc quenching ?
OR
How do you quench an arc in a circuit breaker ?

4. All circuit breaker have operating coils (tripping coils and close coil)

whenever these coils are energized by switchin
inside them displaced. y g pulse, and the plunger

*
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4 pullt*rl ownrdas It by electromagnetje force,
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W nre g
80 that )
Wt will po

wi Kota M”nlﬂlll*tli

o y Lgqu . i
e mhl ' r‘:lll::u‘:::-r lulruruil hronkoers which are J Jue Lo which it geta extingulshed then aplit 00t )
ex Lingaisiimg 2
ro !
A High resistanee method - il Cooling of o |
he are resistance I8 inerenned with time I'hin wﬂl reduen he The r"pmnhinulinn of lonlzed particles cap be don
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| Thua the Are is inte : ; 1 i i — . ' :
\ e ks | ., llonce t.h[ n{'chd:unr_tr rreduces which wil) Increase I8 resisty
The various methods of high resistance arc interruption ypy, | " drcestnBUWIARCE h nee, Henen
. .
wistance method ;
i Lengthening the arc | p. LoV - loyed for arce extinetlon
1 In this method the are longeth 18 incrensed by using arc runnery which g JL18 emp E{yﬂk Ll L'lmct on in AC cireuita (n this mety,
” horn like Dlades of conducting mnlvrml.‘l‘lw (Arc runncery gy, replgtance 18 Kep lniw until current zero where Exllnrlm-n of sy
"“1 cted to arcing contacts and it fs in shape of fottor V% pluce naturully andis prevented from restriking are takeg
conneone ' 5w ¥
The arc is initinted at the bottom and blows upwards dyg L b The process is divided in three parts -
iy P n b | ; :
. eloctromagnetic force. Duo to this are length increases and ppe {y i Arcing phase:
extinguished { Inthis, the temperature of the contact apace i Increased due g ¢},
Final position of are The heat pruduced must be removed quickly by providin ’- e ire,
sem—ea aXiﬂl ﬂﬂ“’ tOgﬂses B rndlﬂl Hnd
force in upward passage of gas over the arc. uced by the
. lirection . ,
Piold direc " Current zero phase : [n this, when AC current wave is near itg zor
the diameter of the arc is very less and consequently are s 2ero,
Are initintion . Post arc phase : extinguished.
iii. Pos
Fig. 4.3.1. Are lengthening. i Inthis, to avoid thfe re-es-tnblishment of arc, the contact space must be
ii. Splitting of arc: filled with dielectric medium having high dielectric strength.
- - - e removed and fresh di ' : -
1 In this method elongation of are is done and the arc Is split using are 9. Hotpgasesar dielectric medium is introduced
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splitters which are specially made plates of resin bonded fibre glass,

Hue 44. | Describe in detail the fault clearing time of a circuit

i NNV
l ! ; s E -E' / breaker. AKTU 2020-21, Marks 07
' d WY v - ;
: =

_’___*__H Lengthening of arc Answer l . S
- - 1. A circuit breaker is required in the power system to give rapid fault
*.. - clearance, in order to avoid overcurrent damage to equipment and loss

Arc moving upwnrds of system stability.

Are —am\\ =, due toelectromagnetie ores 9. The fault tripping signal to the circuit breaker is derived from the

runners T

Initintion of are

Fig, 4.3.2. Are¢ sphtting,

protective relay via the trip circuit. After fault inception, the relay senses
the fault and closes its contacts to complete the trip circuit.

3. The relay takes some time to close its contacts, After closing of the
contacts of the trip circuit, the trip coil of the circuit breaker is energized
and the operating mechanism of breaker comes into operation.
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Instant of
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are extingt lon
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fault inoeption tap of el of CH

Y
+ —
Breaker Arcing time

epening Limg

e -

Relaying time

=

Breaker interrupling time

: - =~
i Fault clearing time

Fig. 4.4.1, Fault cleanng time of a circuit breaker.

PART-2
Arc Extinction Theories.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 4.5. ' Describe the two theories related to arc extinction.

Answer l
A. Slepian’s theory :

1 Slepian described the process as a race between the dielectric strength
and restriking voltage. After every current zero, there is a column of
residual ionized gas.

2 This may cause arc to strike again by developing necessary restriking
voltage and this voltage stress is sufficient to detach electrons out of
their atomic orbits which releases great heat.

RV

-

Som-7)
‘ENh{‘m -
,',-H“ - ——

this theory rate at which positiye o

Qo in
: utral molecules is compareg with

|l1r"m ne

Nue to recombination, the dielectrie
I seovery of dielectrie { ;

—ate of rece Cstrength

~estriking voltage

t'ﬁ

(f the restriking voltage rises more rapidly ]
" p £pace breaks down and are

Kkt

ns “"flr-lnq Rieaian

ftrikes agni

Voltage

Flg. 461,
Cassie’s theory :

Cassie suggested that the re-establishment of arc or
arc both are energy balance process. If the ene
continues to increase, the arc restrikes ang il not,
5 The theory makes the following assumptio
" Arc consists of a cylindrical column havin
cross section. The energy distributed in t

The temperature remains constant.

The cross-section of the arc adjusts itself (o accommodate the are t
Power dissipation is proportional to cross sectional area of arc mlumn.
The energy equation as expressed by Cassie is given by,

dQ
——- =EI-N
dt

Q = Energy content / length of arc in em
E = Volts/em

I = Total current
N = Total power loss / em

Phisd

\Dlerruption of an
TRY input to an ape
are gets il‘lltl’mptp.d
ns :

g uniform temperature at it
he column js uniform

where,

N
N/
V_

- Vieaias

Fig. 4.6.2. Wavelorm of AC arc.
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1. Let us consider an alternator on no load to which a circuit br
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PART-3
Restriking Voltage Transient.

S
Questions-Answers Py

Fo—

—

Long Answer Type and Medium Answer Type Questiong

—

o

Que 4.6. , Describe current interruption in AC circuit breaker
al

Answer l

eaker 18

connected which is shown in the Fig. 4.6.1. The circuit breaker is in ope
n

position with its other side short circuited.

3¢
short
circuit

Alternator

'Eb H
By B4 13
-\, >
B
gy
) : : Y
Fig. 4.6.1. Sudden 3-phase short circuit of an alternator.

When the voltage of phase B with respect to neutral is zero, the circuit
breaker is closed.

Under this condition the B phase current will have maximum DC

component and its current waveform will be unsymmetrical about
normal zero axis. This is shown in the Fig. 4.6.2.

The current is zero before ¢ =0 as the alternator is on no load. The short

circuit is applied at £ = 0 and current increases to very high value during
first quarter cycle. :

iIhe peak of first current loop is shown by OA which is maximum
instantaneous value of current during short circuit. This instantaneous

peak value of first current loop is called ‘making current’ which is
expressed as kA peak.

Now the circuit breaker contacts will separate after few cycles which
are taken by relay and other operating mechanism. At time sayt=T,
the contacts of circuit breaker separate.

s T

N-Scm-'?"

10“'E _— L L %
V calue of short circuit current at th“tinstnnt of

The T[-ld preaking current’ - eparation

1

) -

g cA rc is interrupted as the dielect i

_ T, thea s “ctric stren

At ql‘;mcien“Y* This will avoid the continuation of il "pace
B puilds 8V ished rc. Thus the 4

'.llbc extinguistits: .

wi .

pefor® the instant £ =

e .

Iy

mﬁ\\\\ 7
iy R

vﬂltﬂge ‘ %
ween ) r
bEt‘JH Major | Recovery voltage
current { i ! i / (System voltage)
loo '
A AR
- Att =T1 v U U ‘ _T
Att=0 . cn:;?;t:e ¥~ Restriking
rcu se
sllﬂ";f:rs Voltage  Arc et
" ':TB _ 0 across arc  interrupted at

(Arc voltage) t=t,
Fig. 4.6.2. Current and voltage during fault dearing.

instant ¢ = T';, the contacts begin to separate and voltage across

10. Atthe arts increasing. This voltage is nothing but the drop across the

them st

arc.
d the voltage across arc are in phase as the arc is resistive.

- e current an . |
. ']?:13 to increased arc resistance the voltage across contacts increases in

the next cycles. Finally at ¢t = T, the arc is extinguished.

12. A high frequency transient voltage appears across the contacts which

are superimpused on power frequency voltage. This thh frequency
voltage tries to restrike the arc. Hene it is called ‘restriking voltage or

transient recovery voltage (TRV).

which appears across circuit breaker contact which is

triking of arc. The power Er?qun_anc:!r system voltage
aker contacts after arc extinction is called ‘recovery

13. Thisisthe voltage
respﬂnsible for res
between the circuit bre

voltage’.

14. Active recovery volta

ge : Instantaneous recovery voltage at the
instant of arc extinction is lknown as activ

e recovery voltage.

i‘

T
'}
Al

1
I.*
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V. - ,l.-\'m ain -
boo b0 the 3¢ foudt dn gronndg

(ol g in ©q (4.7.1), wo frot
V fi l'
. o ' O d’i

Mty
Active rveovery voltage, i

w here, I-r l'.r ’
‘ bow 1O A0 fandt tn lnolntod, _ d 472
andd [ golution ol this standard equation |a
[ 1 L]
! P s love® wiy roltinge, recoy "W b
Que 4.7, 'b,\phﬂll the torms 1 vestrildng voltnge, reCovory v“""l{n e V|1 con { _.
““1‘ ltl":'t"- Ih‘l‘hi‘ ._'l\l]l“!“ll,'ll. rl‘l'I rl‘#tl'llllllj[ ‘tlllll‘“" l“'ll l‘ll{llv I !;f.‘
(erms of system voltagy, inductanece and onpneltanee, h LV
‘ s AT ONnt e il
AKTU 201718 il [
L~——-—~-— — Mm‘lu, {]] HRRV = o V""h sin i

ﬂ’f | JJ(.I JL(J;

mﬂ A 60 1z, 400 kV, three phase alternator with earthed
/| has 0 reactanco of 10 ohm per phase an

Answer ]

A Restriking voltage ¢ The transient voltago that appenras acrosy (),

Wit hreaker contacts at the instantolare extinetion is callod pogy d Is
CLTENN USRI SOnm triking poutr! ugth a circuit breakar. Tho capacita b
voltage huﬂh'w thro 1 thi5aliGl beagk pacitance Lo earth between
3. Recovery voltage 1 Refor Q. 4.6, Pagoe 4 an, Unit-d, o ““{\nmlﬂr nan o uit brenker ig ﬁ.ﬂﬁquer Phﬂ“-hﬁlumlng

stnnco of the generator to he negligible, calculate the

C. RRRV :Itis the rate of riso of vestriking voltage which is OXProsse
volts per microsecond. This will represent the rate at which (ra
recovery voltagoe is increasing. The rate of vise of TRV is deponden

systom parametoers,

(ho ren!

wing !
r"““p,m:.:h““m restriking voltage across the contact of circuit

IH'UI‘-I""EI"
Frequency of oscillations,
Ji.

Maximum value of RRRV,
" phe averago value of RRRV up to the first peak,

d iy
lont
Cop
. Derivation

i. Restriking voltagoe:

1. When the breaker contacts are opened and tho arce finally extinguigly
at some current zero, a voltage v is suddenly applied across capacitop
and therefore, across the circuit breaker contnets,

£ =400kV,

e

Elmnk = \[2— Enm 2 Jz— A %q = 326.69 kV

b

2 Thecurrent i which would flow to the fault is not injeeted in the cnpacifor
and inductor, Thus

i=f +i R/phasc = 10 , C/phase = 0.05 uF
o i ; J‘ vt +C E:F | Maximum restriking voltage across the contact of circuit breaker :
’ ‘ =2E ., =2x32669kV =653.18 kV
di ) v I
= . Sy (4
dt =LY ar (4.7.0) ., Lim o et G O8O 1
4. Assuming zero currents when ¢ = 0, and further e 2rx 60 2x x 60

veV_  cosmt

i ['requency of oscillation,
r
[ = ,":'. sin wf before opening of circuit broakor £ Gl 1 : - 3.98 kHz
di 2rJLC 2n;i0.032 x 0,06 x 10
< = L x o) cos ol
N i il Maximum value of RRRV =0, E,, = 2r x 60 x 326.69 = 102.6 kV
AI [ = 0; ’-‘-f—j! .- E".'_“_
at] L

| &

Join Telegram Group - @AKTU_Group Scanned by TapScanner



Join Telegram @Bf6Up - @AKTU Group

EH'II.'llL:M L S Y “%; 1 ﬁ}
.’ 4 P

PR RS CA T IR TR BA ad . Rl B, N Y YIRS
RS

Power System Mrotection T)
_ 4131 (g gN-8eT Cireu
et A NSomyy | B I——
I Average value of RRRV up to first peak = \ : PR J2 x 132
m = 3= 107.77 kv

Maximum restriking v
“alihum restnking HI“ngu X #
[ Yolage _ 853.10)y Var = K\ Ky Ky B, = 106,54 ky

Time upto first peak -

/
= 653.18 x 2f : Maximu m voltage, e =2 Vnr =213.09 kv
= 653.18 x 2 x 3.98 x 10" kV/sec = miLe
= 5.19 x 10° kV/sec * f :
| d " 2ndL
Que 4.9, For a 132 kV system, the reactance and cnpncitunw . :
to the location of the circuit breaker is % LC 1
Caleolats & eris3Q and 0.015 pF, mspfﬂi\rﬂ}._ nvL = fm = F sec
L ;‘Itvquency of transient oscillations. n
ii. aximum value of restriking volta 1
Taxir ge across the contaet i bn =
circuit breaker., | L 6 Maximut® Hme T 2x20x10° -
ui. Maximum value of RRRV. AKTU 2019-20, Marks aql 213.09
En - = =
== RRRV = 4= 1720 x 10" x 2)) - 52 kV/psec
The procedure is same as Refer Q. 4.8, Page 4-12B, Unit-4.
: PART-4
L The frequency of transient oscillations is given by, S
f, = 13.298 kHz F—
et Questions-Answers

o Maximm_:u value of restriking voltage across the contacts of circuit
breaker is given by,

-—-;;;MS wer Type and Medium Answer Type Questions

= 215.
- 5.65 kV [
m  Maximum value of RRRV = 9.0045 kV/usec] — S sk
Eue 111. | Explain the phenomenon of current chopping ina circuit
Que 4.10. l Calculate the RRRV of 132 kV circuit breaker with neutral AKTU 2016-17, Marks 10
earthed. Given data as follows : Broken current is symmetrical; e OR
restriking voltage has frequency 20 kHz, pf = 0.15. Assume fault is Explain the phenomenon of current chopping in a circuit breaker.
also earthed. AKTU 2016-17, Marks 10 What measures are taken to reduce it ? | AKTU 2020-21, Marks 07
Answer l -
: Answer
Given : System voltage = 132 kV, cos ¢ =0.15, /. =20 kHz | A Current chup?iﬂg . at 3 ing transformers on no
2 | Thereare certain circumstances like dlsmmmginductive cocenia. The

To Find : RRRV, ,
. WA  to interrupt small :
load in which it is necessary t:.elrnis a]mgst at zero power factor lagging.

K, = sin ¢ = sin (cos™ 0.15) = 0.9886 "o load current of & transfo

K, = 1 and K, = 1 both grounded
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—— = t{['l-n“?l
This current is normally smaller than the normal current vy,
breaker. Interrupting such current causes severe duty o

hreaker. This phenomenon is called current chopping.

.l} u"fth{.
10 ¢
3 Consider the circuit shown in the Fig. 4.11.1. Let the are Curre

n _
when it is chopped down to zero value. L h'l‘.'

4 Thestored energy in the inductor which (1/2) Li will be lliﬂﬂhnrgu ‘

the capacitance so that the capacitor is chavged to n prospectiy
\"such that,

B | e

Li¢ = :l; CVv:

V=1JvL/C volts -

L
— T o
Circuit
_ breaker
e=E_ sin ot @ G Load
g Fig. 4.11.1.
5. This prospective voltage is extremely high as compared to the norma|
system voltage. The frequency of natural oscillations is given by,
fre—o
T OnlLC
6. After first chopping the deionizing force which is still in action acts and
second chop of current takes place.
7. But the arc current is now smaller than the previous one and arc current
collapses and restriking voltage is again build.
8.

Thu:s a sequence of chops will occur and arc will continuously decrease
until a final chop brings arc current to zero. There will not be any

ﬁ!.rther restriking as the gap is almost deionized. This is shown in
Fig. 4.11.2,

{I-*N*SL"“'TL_

Cireui
’Piﬁﬂ - ____—_‘-_'__“--—____fu‘tp.:rpnkmi
e s Current finally —_akin,
' _..._upprEHH{H] beforo
natural zero Nﬂlurnl
___ —— AR / current zerq
L2t chop —» ﬂ ‘ T
Firs Jl/{ Bscﬂnd Ime —
: chop
Firsl restrike —or !
) V' Y ]
e t 28
curren : i
\ ‘: | i é HEEUV[TY
Ii P transient
: P

-

-
-
-

P ‘/ Voltage zero

e
Arc ‘
voltage ‘fr\ Are voltage o
Breaker .l
restrike “ !
.0 I 0 O

Prospective values
of voltage with chopping

i
H.Miii-l'-lilll-'-i-
-
-

Fig. 4.11.2.

g, Reduction of current chopping : It is reduced by connecting non-
" linear resistors across the circuit breaker contacts during arc
interruption.

-éue 4.12. | A circuit breaker interrupts the magnetizing current of

1100 MVA transformer at 220 kV. The magnetizing current of the
transformer is 5 % of the full load current. Find out the maximum
voltage which may appear across the gap of the breaker when
magnetizing current is interrupted at 53 % of its peak value. The
stray capacitance is 2500 uF. The inductance is 30 IL

AKTU 2020-21, Marks 07
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Power System Protoction 178 (N, gN-Sem-7) .
= =— s W _H"'“- Hﬂl},if’f— —*————\__E'_”fuit Breaking
I ' ~ .. gmall value of the current remaing ; e
1 the tablo thot it | 'n the arc 1h,
Answer b Imcmﬂﬂ“ o unALabic It 18 casily "x“ﬂi{uighnd. N the path
1. The full load current of the transformer The registance may be automatically fwilched in gnd are
100 » Inn b tr“nufl_'rrﬂd- Current can he
: e lfl] = 262,44 A ho Lime required for this action ig very small, A4
s ? ¢ ~ 4.13.1, the arc first appears acrogy pointa A a, “hﬂ'fﬂn In the
b Fg ed across A and C. 14 and B which 5 then
2. Magnetizing current e £ 262.44 = J34.44 A (ransferr :
xternal
3. Current chopping occurs at 0.63 x 34.44J2 =26.83 A AW resistance
l b 1 | C l
i A g
L 30 (26.89)" = = x 2600 x 10 x v’ Fixed Moved lsslator
« 30 x (26.83)" = —x X - contact contact witch
2 x 30 x (26.83)° Fig. 4.13.1. Typical resistor connection,
~ 2x2600%10 " istance also ensures t - :
= 2829V e o l-Eiil-ikin voltage tran:ise ]trz;'?'giec'twe dam‘pmg it high
v = frequency Tes a nts. Thisis shownin the Fig. 4.13 2
PART"S } 4 Oscillatory
Resistance Switching. ' AN LT e S T P restriking voltage

Questions-Answers W Damped restriking voltage

Long Answer Type and Medium Answer Type Questions - Toain

Fig. 4.13.2,

R
e —

Que 4.13. I Explain resistance switching.
PART-6

Capacitive Current Interruption.

Answer l

1. The interruption of low inductive currents, interruption of capacitive
currents gives rise to severe voltage oscillations.

2. These excessive voltage surges during circuit interruption can be Questions-Answers

prevented by the use of shunt resistance R across the circuit breaker
contacts, This process is known as resistance switching,

3. When the resistance is connected across the are, a part of the arc current
flows through the resistance. This will lead to decrease in arc current
and increase in rate of deionization of the arc path and resistance of arc.

4. This will increase current through shunt resistance. This process
continues until the current through the arc is diverted through the
resistance either completely or in major part.

Long Answer Type and Medium Answer Type Questions

—

Eue 4,14. ‘ Discuss about the interruption of capacitive current.

Answer I
L Inpower systems capacitor banlks are used in the network which supplies
reactive power at leading power factor.
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onditions such ag opening o long (rang
acnpacitor bank ete,, in whicl

TIER I"‘Iﬂ"l“

" r'“w‘\‘- _1'.'\" 5 l“

n B
1% Iu.hl i l'hﬂ."\'li'l'l\l‘i't'llu.{ II“E

L Al ' f
““H crrupt {he capacitive current w hich ia n difli ult Lonk for u‘ln llluir[ud
LY . h:ui
e I.kl.‘l 4
. -
Lot considor a simple circuit shown in the Mg, 4,141
A ) s
"ﬁ
li "‘ ol/' h
—0 o
$ Circuit Yy
: brenker
= R, snol <) C= % = Loud ¢,
Y ;1

Fig. 4. 040 L Interruption of capacitive currents,

- [ ¥ = e
¢ The value of lead mpaml:}nn'- C, is greater than C. The voltage across
capvcitor cannol change Il‘lﬁlill‘llﬂn{"l‘lusl}'.

5 The currents supphlied to the capacitor are gunurully smal

| an
interruption of such currents take place at first current zero, .

¢ Also at the beginning, the rate of rise of recovery voltage is low and
increases slowly. Whenever such circuit isopened acharge is trapped i,

the capacitance C, .

0 L

| =

Current
°10  Are o,
restrikes
al this

instant

°L

Fig. 4.14.2. Wavelorm showing interruption of capacitive current.

2
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R . Cir i
e —— _‘_T-l_'-t Ilfq-luki""

- v neross the loagd .
Cvollnge ¢ nd cnpneiy
ine
e wil| hold

Thi |
1 Grcult wos opened, ,
I “‘I".,n ttrf‘ ; r l‘l Thilq \rf.'r]lngp I f"l‘hi 'hl_! qnm" v"h“I
voltoge 8% POWEE HIELor angla s nearly oge loadi A
i il n i

\fler opening the cireuit, voltage v nerog »
'r aches nnew steady vy ¢ LT84 Lhe Chapacit
"“I uillln : . e, l]ul du'ﬂ tﬂ-ﬂ nce (" -
1(-, (he value atlained is close tg the supply 1'm“l'l"hﬂll value of

' ago,

o recovery voltage e, is nothing by diffore
| value i8 zero as the circuit breaker wi
yin the beginning, -

Capacitance
Tl
initit
HIU\VI
wWhen Ve reverses after half cycle, the
the normal peak value.

-I-Imrpfuri' it 1s pnﬁsiblo that at this inat
cloctrical strength between the circyjt bre
The circuit will be reclosed and ¢

nee I'ltl'lWl'i‘l'l ¢ nnd p

n{l iﬂl" rl'-.|-“..i

“] I'{‘L'U\fi.‘ry ydmae s

Hhﬂut lwice

11 ;‘J:ll re may restrike ge the
oscill Cr contacts is not sufficient
l I L” ~rales at s high frequency '
, ly voltage at this instant wi : y.
TpadupEn Villbe atits NCgative peak: the

12  high frequency oscillation takes place, refore

PART-7
Short Line Interruption,
e
—
Questions-Answers
bk

Long Answer Type and Medium Answer Type Questions

e

e

Que 4.16. | What is short line interruption ?

Answer I

| The fault occurring between a distance of a few kilometres to a fow tens
kilometres from the circuit breaker are called short line faults or short
line interruption.

3 Such faults are characterised by high frequency of restriking voltage of
the order of 10 to 100 kHz depending upon length of line and location of
the fault.

§. Fig.4.15.1 represents a condition of a short line fault and simplified TRV
form.

. Fig. 4.15.1 supply voltage cause short circuit current / to flow through
the circuit comprising the following impedances :

wL = Impedance of source = 2rfL
), = Impedance of 1 km length of line
L = Length of line between breaker and the fault in km
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‘L- wil ! wv=1em l‘li‘h'l LIALA]

L Jongth of line
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\ ¥ illl‘ ﬂ"l i "“"Il“lll‘l"‘
]ll\l I'IL# I I Il“["l'ul h".

e voltage appeanng & fosn

TR L UL ALy il |
Vi agy o the ted mln-ﬂ [y oo mupp
|,|..||-| fvom “III‘ llll]l‘

& | ﬂ.‘ll I'I
"rﬂ i

Majorr dutles of nolroult broaker und
ora
hort Cireuit condiy
[ opens the contacts to clear tha faulta h

ply alile
v e Lhe WY

" (s Lhe voltage al {he Tl

To Ty faulta current for ahort ¢

_aae anponent and hig)
i"lt iy I “ i '.'”.“'1'"_' ont “l“ l II" l"llll

liratiy i
= N while
Lan power s 3 nhﬁlhrrnrrm[ breakee

i NAT vl age 1y
To close the contacts on n faylt

cachen N l‘l‘uﬂt value o A ‘. an i”“"lr"""': T the

campenent ol 1

ATE RER whetens v,

fo-vh ViR 1 ull.'ul-l

has Lawtooth wavelorm and deops Lo porg oMoy .

he ratings of the cireult hroaker are a

" fol
"““qI current, rl'illl["nncy nnd ‘vnlt.‘u I ln‘r. |

v, I i
@ |‘ ...' Lol The rated current s the rms value of the
1 ? I.I .'t 7@\ N I can CATTY continuously without any lt‘mp,:.:::::tr::':l eireuit brogker
| . . ¥ I |r % -

Y _ quated frequency In the frequency at which, the ¢
\:“ S i‘ I / : (o operate. @ cireuit has been dewigned

__ ) - ftated voltoge I8 the maximum voltage ot whi
s » 3 clreuit breaker in gonerated. Ke at which the operation of the

prenking copacity 1 Breaking capacity of eiren:
Lypos circuit breakor i of two
gymmetrical breaking capacity : Symmetrical

(he rms value of the AC component of the faylt oy .
pronkor can break under specified conditions of r:;::::-::ﬂllhe circuit
’ age

Asymmetrical breaking capacity : Asymmetri _
iL s the rms value of the total current mmpﬁ'::::lrbl:::l:gc:rgé

bl‘enking Capaci ty is

+ B2V l'i"
\‘.
-

ERLYN Condition representing short line fnull--!

w0 ] /

'E‘
*5 e N
£

(kilometric fault) and (£ in microsec), arrents that the circuit breaker can break unde i o
P e . _ :wuw‘l')’ vollogo, r specified conditiong of
I PART-0 } g Tho hroaking capacity of circuit breaker is generally in MVA
it ireaker Ratinge } 1 For a three phasoe circuit breaker :
R £ = RN g T -‘_ reaking capacily = Jﬁ x Rated voltage in kV x Rated current in kA
; Rated 7, = 1.6 x (Rated law?

ﬁntlomhlwou

e. Maldng capnoity : The rated making capacity is defined as the peak
value of current at which the circuit breaker can be closed into a short

circull,

g m———— —

——

Qul.ll.l Explain duties of elreult breaker undor short clroult

condition and give the Important ratings of n typloal high voltage
AL cireuit breaker,

Making current = /2 x 1.8 x Symmetrical breaking current.

Making capacity = 2.66 x Symmetrical breaking capacity.
d Short time current rating :

| The short time current rating is based on thermal and mechanical
limitations. The circuit breaker must be capable of carrying short circuit
current for a short period whilo another circuit breaker is clearing the

fault.

2 The rated short time current is the rms value of the total current that
the circuit breakoer can carry safely for specified short peniod.

on :
Deseribe the breaking and making capacity rating of the clreuit

[AKTU 2020-31, Marks 07]

breaker,
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PART-9

Testing of Circuit Breaker : Classification,

Queslinn&:\n SWoers

Answer Type Questions

Long Answer Type and Medium

D

Que 4.17.

l Give classification of various tests of circuit breaker,

Answer I

A

=

FER MO AP PR R
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Classification of the test :
The tests on high-voltage AC circuit breakers can be classified as
follows :

Development tests:
These are carried out on components, sub-assemblies and complete
circuit breaker during and after the development of the circuit breaker.

The designers and research scientist verify the effect of various
parameters on the behaviour of circuit breakers, by conducting
development tests. Development tests are not specified in the standards,

Type tests:

These are conducted on first few prototype circuit breakers of each type
to prove the capabilities and to confirm the rated characteristics of the

circuit breaker of that design.

Type tests are not conducted on every circuit breaker. The tests are
conducted in specially built testing laboratories. Type tests are performed
as per recommendations of standards (IEC) or (IS).

Type test can be broadly classified in the following groups:
Mechanical tests

Tests of temperature rise, millivolt drop test.

High voltage test (Dielectric tests).

Basic short circuit test duties.

Cntical current tests.

Single phase short-circuit test.

Short time current test.

Routine tests :

Routine tests are also performed as per the recommendations of the
standards (IEC/IS). Routine tests are conducted on each circuit breaker.

N.Sem-7)
L - T
. B < porf“"‘““] InllhE mnnufncturor's pre e
the proper functioning of the circuit bren:]::m.

atine tests include the following tests .
cal operation tests. :

—

Rﬂutmﬂ lests

L=
"
=
-
-
—
-

}lrfh“"i

3[illi\'nlt |
[‘ﬂ“’l‘f I'rcq‘lll‘“f}' voltage tests at nmnufncturerg premises

Voltage tests on auxilhiary circuits, control circuits
d m.ﬁnbility tests:
y tesia are conducted to verify the reliabil;t
under various stresses occurring in actual

drop test, measurement of resistance

. 'nbi“t . .
1 Rll;kcrs y of the circuit
bre . _ applications.
Relinbim}* tests can be conducted in specially built laboratories and al.

: ! also
at site. ‘
commissi“ﬂfng tcs_ts : Thes_e are conducted on the circuit break
Jfter installation at site to verify the operational readiness and ]Jl‘up::

funfﬂﬂning‘
Test on low-voltage circuit-breakers :

Type tests:
Verification of temperature rise limits.

Dielectric tests.
Shnrt-circuit making and breaking tests.
Mechanical endurance test.

Electrical endurance test.
ation of overload performance.

T * ™ o

Verific
Routine tests :
Mechanical operation tests.
Calibration of releases.

Dielectric tests.

P PP RE™ P D

| PART-10
Testing Station and Equipment, Testing Procedure.

Questions-Answers

Long Ans;er Type and Medium Answer Type Questions

Que 4.18. | Describe the equipments used in testing station of circuit
breaker and draw the layout of testing station.
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Answer 1
Three phase induction moloris used to 1.171\'1'-”1:‘ generator and
excitation is also provided Variable resistors and reactors are P

ust magmtude of short carcwt current

Mpuls,
TOVideg

T M
Master aarcunt breaker s proy wded which operates \\’hp“ Circy
test fanls to operate. Making switch can close at desired mop

carries the making current
Transformer QIVes the test voltages, these units can be coOnnecteq |
varous ways to get difterent test voltages. Some equipment s P"mid(:
for measurement record and control

Short arcunt

o+ Impulse excit
generator \ ’/p e
L 4

Driving motor [)<—Master CB
Resistor

it Undg,
ent ang

Reactor

| Make switch

7
o é t!"'---l—]..in.ks

0N, (N0, 0ok, Short circuit

: -« Test cells
I

Fig. 4.18.1. Basic circuit of short drcuit test plant.

4 Equipments:

L Short circuit generator :

a Powertothe cm.-u:t breaker under test is provided by the short circuit
generator. This generator should be capable of withstanding the reactive
power surges for short duration.

b Generator is driven by 3¢ induction motor mounted on same shaft
[mpulse excitation is provided by separate DC converter.
il Short circuit transformer : Transformers test the circui
: t breaker at
the voltage other than generator voltage. 3¢ transformer steps down
the voltage whereas 1¢ transformer steps up the voltage,
iii. Reactors: Reactors are connected to control the short circui
. _ circult current.
m; can be single phase or 3-phase and they should be capable of
withstanding stresses applied on them.
iv. Master circuit breaker:
a It is air blast circuit breaker and its capacitv i Ireui
cuit pacity 1s more than the circuit
breaker on test, it will operate when the breaker under test fails. 3
. .£ _-

.Sem-7)

ft also iwluw; the nprf:]i_mnn under test from Supp| :

thuld have the Cu[:.lﬂ nlity Lo carry fiy)) short ﬁrﬂ: t"' alter EVETY Logy |,
o switch : Tht{l 13 a swilch which e ! Curreny

V. oltage Furgeat desired moment

ed 1o
itors : It is a capacitor bank whi
vi varying pcrformﬂﬂﬂﬁ-

b

Provida shop Cireygt

. Resistors: The resistors are connected ;
vl them POWer factor is varied.

il Sequence switch:
‘ L]

yring testing many i?l_)eralinna are performed :
A Em[. under such condition switch is used. ¢d in

: itch with several
[t 18 a dﬂ-‘m l?“ﬂ contacts. Due to th )
b ] ? ® rotaty

control circuits are opened or closed in specified sequence m of drym

:fferent measurements : Test eventy take v _
ix geasurements must be recorded by nw]w;’p‘;‘? short time 8o all the

E;:II';_'I Discuss how making capacity anq breaking capacity of
o .¢ breaker are tested in a laboratory type testing station.

AKTU 2019-20, Marks 07
aweri]
A Test for making capacity :

1 The master circuit breaker and the making switch are closed first, then
the short-circuit is initiated by closing the circuit breaker under Lest.

9 The rated making current, i.e., the peak value of the first major loop of
the short-circuit current wave is measured.

g. Test for breaking capacity :

{ First of all, the master circuit breaker and the circuit breaker under test
are closed.

5 Then the short-circuit current is passed by closing the making switch.
The short-circuit current is interrupted by opening the breaker under
test at the desired moment.

The following measurements are taken :
Symmetrical breaking current
Asymmetrical breaking current
Recovery voltage

Frequency of oscillation and RRRV.

The circuit breaker must be capable of breaking all currents up to its
rated capacity.

As it is not possible to test at all values of current, tests are performed al
10 %, 30 %, 60 % and 100 % of its rated breaking current.

fequence and in lpaa

e - O

&
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Master Franslormer B
N X rP under teag
)5 F -
[ Making e el
\, 3 swilch J- h
| E =, =1
- - v
) L
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Fig. 4.10.1,
PART-11 |
Direct and Indirect Testing
T O TR Questions-Answers =y
Long Answer Typo and Medium Answer Type Questiony

Que 4.20. \ Write a short note on direct testing of circuit broakey,

Answer l

A.  Direct testing of circult breaker :
1

In direct testing, a circuit breaker in subjected to full power or strops.
The circuit of direct testing of single phase circuit breaker is shown in

the Fig. 4.20.1,
X -l- C :
CB

R, d
| p St [|m.-

Lost

Fig. 4201,

2. G is agenerator generating voltage V, with reactance X, CB, is back
up or master circuit breakor,

J. Xis the current controlling reactance. SW ia the making switch while T

i8 the transformer. C, R, and R, are capacitance and resistances for
adjusting the transient recovery voltage.

Ry o ’
g (EN-Sem-7)
lr‘gﬂ,.f- — i e ( Irewgt Hrmllu
" he gransformer 18 used Lo obiajp Proper pogt o
- y . " * -
lr‘ﬂliﬂﬂ- many of Thr O l'llllmm fire “olt L Ihullll{ LA T

— f”r lh'l'H,I" ﬂl"‘rﬂtiﬂnﬂ In Loy nin
fn

The acquent inl switching circuitry |y
I “" l}![ltl “W"ril WI“I I‘H‘V[ir'ﬂ al
(ri

" oand {
mulﬂl’ 1% red aleg) by

Wwhen the drum is rototed, there f4
ull*'ll nn Il‘f'r tll[' “p{““'”l'l'_

—

PeOINg and ¢ lowing

of vari
" WTIOuA Contpa|

The ,”_.”uuntinl operntions include
losing of master circuit breaker,
¢

-

. | O8( I“ﬂ“l’u[jh Cl t ; Mlnn_
{ muke awitch, opening of circuit breaker unde
1)

.rhnmﬂ
circult hreaker, switching OFF the oxciter

Fleat, OPening of magter

e

'rh'” npurut iun” invnlvf'fl iﬂ lhl‘ Hh‘wn Lent nroe
gequence switch

Advantages :

performed by means of

The circuit breaker is tested samo as of actual conditiona

gpecial occasions like breaking of charging curronta
ghort line faults, interruption of small inductive ey
Lested by direct testing only.

of long lines, very
rrents, ete, can bo

C pisadvan tages :

| The circuit breaker can be tested at only a given rate

; d ‘I'nltﬂ v and
network capacity. o

9 Tho necensity to interrupt the normal services and to Lest only at light

Que 4.21._] What are the different methods of testing of circuit
hreakers 7 Discuss their merits nnd demerits,

AK‘_IU 2017-18, Marks 10

OR
What are the different methods of testing circuit breakers ? Discuss
their merits and demerits. Which method is more suitable for testing
the circuit breakers of large capacity 7 | AKTU 2019-20, Marks 07
OR
Discuss in detall the testing of the circuit breaker,

AKTU 2020-21, Marks 07
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Answor \

A Methods of testing

A.

(%

b

r

Direct tosting ¢t Refor Q. 4.20, Pagre 4-2718, Unit-4,

Indircet testing
High capacity cirvwt breakers cannot bo tested directly, S, i'““rntl
(esting has to be done.

Types of indirect testing are::

Unit testing :

The modern EHV circuit breakers contain two or more simily
interrupters per pole. These interrupters operate snuu!lunouus]}, ang
share the voltage across the pole equally.

The breaking capacity is also equally shared. The results obtaipeq én
one unit can be extended further for total capacity of breaker, Thjs "
known as unit testing or element testing.

During the application of unit test, the voltage must be reduced by a
factor b so the corresponding impedances are also reduced by 5 t, got
test voltage across the unit by following expression : -

(=
"

, where m = Number of units per pole and one unit is testeq

3 |-

a = — , where n unit are tested.

3>

Voltage required for testing one unit =a x Voltage per pole

= 127 x % - 42.33kV

Synthetic testing :

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 the Fig. 4.21.1.

The current source provides short circuit current. The voltage source
provides restriking voltage and recovery voltage,

The u:;'st cunditi?ns are given by L, R, C, The short circuit current I,is
supplied by clusm_g switch S,. At final current zero, switch S, is closed
and voltage contains transient as it contains L and C.

5hnrql B
dreul Breaker
gel“'r“w under test
Fig.4.21.1,
1ndirﬂct testing 18 used for testing the circuit breaker of large capaei
D Advﬂ“t“ges of indirect testing i
Cr o breaker ¢an be tested for desired TRV anq RRRY
l s .
Lort-circuit generator has to supply curre .
2 uliiasge as compared to direct testing, T relatively leas
v
t and test voltage can bo |
(h test curren 4 e independent| ' g
’ Ei?hfcs flexibility to test oo
pisadvantages of indirect testing :
D.

These tests are primariily asingle loop test where it is still very difficult
1. to do a fast reclosing with extended arcing times,

This method is not suitable for teshng interrupters which have impedance
2 connected in parallel with the interrupter contacts.

PART-12

Selection of Circuit Breakers,

Questions-Answers

_FLung Answer Type and Medium Answer Type Questions
L

e

Que 4.22. l How are the circuit breakers classified ? Give details of

e.
the sam OR

Discuss the selection of circuit breakers for different ranges of the
AKTU 2019-20, Marks 07

system voltages.

Answer l

1 The selection of circuit breaker for di
is given in the form of table as :

flerent ranges of system voltages
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Table 4.22.1: Types of circuit breakers.

‘ Type
Yininture circuit
|
breaker
= .
| Atr-break ciremld
| brenker

- - S -
Minimum ol
breaker

Vacuum circuit
breaker

e —————

SF, circut
breaker

- S -

Air blast circuit

- —

- ——

[Are Quenching Medium

_—— e e — ey o

‘Sem.
____q___N_‘_f'l‘]}

T

Voltage ran h

Breaking “ﬂpn:E:

e
-

Air at atmospheric pressure

400-600 V: for am

current rating

——————

Alr nt atmospheric
pressure

400 V-11 ky:.
5-760 MVA

e —

Transformer oil
circuit

3.3 kV-220 kv_._-_"'"""--‘

160-25000 MyA

i

Vacuum

3.3 kV-33 kv. e
2560-2000 MVA

——

SF, at 6 kg/em? pressure

1000-50,000 MyA

Compressed air at high

66 kV-1100 kv:
2500-60,000 MVA

breaker pressure
Tt o —
Table 4.22.2 : Selection of circuit breakers,
Rated Voltage | Choice of circuit breaker Remark |
Below 1 kV Air-break CB — =
| 3.3kV-33 kV Vacuum CB, SF; CB, Vacuum preferred
minimum oil CB
132 kV-220 kV | SF,CB, air blast CB, SF, preferred
minimum oil CB
{ 400 kV-760 kV | SF,CB, air blast CB SF, preferred

2. Earlier oil circuit breakers were preferred in the voltage range of
3.3 kV-66 kV, Between 132kV and 220 kV, either oil circuit breakers or
air blast circuit breakers were recommended.

3. For voltages 400 kV and above, air blast circuit breakers were preferred
The present trend is to recommend vacuum or SFy circuit breakers in
the voltage range 3.3 kV-33 kV.

4. For 132 kV and above, SF; circuit breakers are preferred. Up to 1 kYV,
air-break circuit breakers are used. Air blast circuit breakers are
becoming obsolete and oil circuit breakers are being superseded by SF
and vacuum circuit breakers. :

Join Telegram Group - @AKTU_Group Scanned by TapScanner

Qu
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R

/f ‘ . \\_""\
,;’433:] Discuss bulk il circuit breaker.

PART-13

ireunt Brtﬂk@?_
Questlon&N

€rs

Long Answer Type and Medium Ap, & T;pe%—\_

1.

[n this circuit breaker, the contact se
filled with oil. The gases formed duye
cet the turbulent flow in the oil.

paration takes place n stee| tan)
to the heat of the arc expand and

To assist of arc extinction process, arc control
contact assembly.

These are semi-enclosed chamber of diele
formance of oil circuit breaker depends o
control devices.

Fig. 4.23.1 illustrates the tank type bulk oil circuit
positions with the arc not yet extinguished.

The tension rod is raised by operating mechanism while ¢}
circuit-breaker.

The opening and closing is obtained by lowering and raising the tension

.

Conductor

devices are fitted to ghe

ctric materials The
the effectiveness of are

breaker, in open

osing the

o
v

Bushing

Fixed contact

------------
-----------

-----

Dielectric
oil

Moving

contact

.....
lllll
-----------
------------
----------

------------

& & W w W B @ W W = =

Fig. 4.23.1. Bulk oil circuit breaker with arc control device.
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I‘ Wer Wyvefem I‘Tﬂt""l‘l on - ﬂm.l?j LI; " l . \\ Clrtlnt B .
— RN s T Top chamber i It is a motg) chamber w
_ - 18 drawn. This arc s extinguisheq ! ing chamber. It provid Mounteq ,
7 As the contacts separate, the arc i tion of oil 7 preaking €0 ®8 CXpansigp 4 " the top of eirey
the oil and by the gases formed by the decomposition of ol _ireuit breaking chomber. 1t contajng , pa:pa“'-‘ O the gi] presa it
v L i ; ) " - i ; u . - E!’E 3
rol devices are nnrmnlh' l-[]l“l['l.l[‘d Lo the ﬁxml tnl'llnf,;[ by contr:fugnl nclion caused by circuit brl.":k:_:ar Whlth Avoids hﬁ:ﬂ: IT;
. . r m

S The arc conl

mbly. such that contact separation takes place inside this semj.
ASSE ¥ ! i

enclosed device | |
Q9 The gas produced in the device produces high pressures in it. 7] I‘(‘Ft'l_;y
(he arc extinction is quick. |
10, As the moygng contacts leave the arc control d{j'\'lt‘(‘ﬂ,' the trapped dus
gets released from the are control device, while doing so the are is

extinguished by blast efTect

C. oper

. rati ;
mndllm"ﬂ ation dunng
atlon:

The moving and fixed contacts gre in e

operations. When fault occurs, the my;
(ripping SPriNES.

Duc to separation of contacts, an arcis stryck -
»il which produces gases at high Pressure

This action prevents the oil to pass thrﬂugh e

fauly

Ngaged Position dint

tween them, It Vapourises

PART-14 contact and re§ults in forcing serigg of oil through the in themmmg
Minimum Oil Circuit Breaker. rbulator, which quenches the arc suceessiyely by oy o the
streams of oil moving across each sectjgp. ¢ effect of separyy,
estions-Answers Top
i chamber
Long Answer Type and Medium Answer Type Questions
0il level ——p ... . =
—_— O ® . MY eraee ., — VEDI
Que 424, l Describe the construction and operation of a minimum e
oil circuit breaker. Pixed = Arc ::t“il.nmt'n
Answer l contact ce
A. Minimum oil circuit breaker :
1. The design requirement of a minimum oil circuit breaker is to reduce Moving [ﬂgﬂ fixed
the amount of oil required. contact ontact
2 This is because the severity of a fire involved in oil swi‘ch is to an extent _ Termtaals
proportional to the volume of oil contained. DF:"“ >
ralve
B. Construction: It consists of two separate compartments filled with oil. o s '
L. Supporting Chamber : This is a bottom chamber and made of porcelain :E:;ﬁ:g
and mounted on metal chamber filled with oil which is separated from
the oil in circuit breaking chamber. -
Operating rod

2  Circuit Breaking Chamber : It is a porcelain enclosure mounted on
the top of the supporting compartment.

It is also filled with oil and consists of :
L Upper and lower fixed contacts.
Moving contact.
u. Turbulator.

B

-------------------

............... g Drain

..................... valve

Fig. 4.24.1. Construction of minimum oil circuit breaker.
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[PART-15
Air Blast Qinvait Breaker.

i —

[~ Ratea Qunstiuus-:\nl“'ﬂ"

and Medinm Answer Type Questions

e

— —_——
—— — T ——
- ———

= -——-——_-'_-'_._____-

!
[ Long Answer Type

Quo 4.25. | Explain construction and working of air blast cireujq

AKTU 2016-17, Marks 15

hreaker,

Aunswer ' o
¢ 1 In this, compressed air is used for arg

. Air blast circuit breake oy
A Air called pmnprﬂ.ﬂﬁl‘d air circuit breaker,

extinction. Hence it is also ¢

B. Types:

1.  Crossblast type

2. Axial blast type

C. Construction and working :

Now of air 1s longitudinal along the

In the air blast circuit breaker, the
“ blast or double blast.

arc. Air blast circuit breaker may be a single
Breaking employing double blast arrangement 18 sometimes called radial
blast circuit breakers as the air blast flows radially into the nozzle or

space between the contacts.

3 The fixed and moving contacts are kept in a closed position by spring
pressure under normal operating conditions. The air reservoir tank is
connected to the are chamber through an air valve, which is opened by
a tnpping impulse.

4 When the fault occurs, the tripping impulse causes opening of the air
valve connecting the reservoir to the arcing chamber. The air entering
the arc chamber exerts pressure on the moving contacts which moves

when the air pressure exceeds the spring force.
5. The contacts are separated, and an arc is developed between them. The

air flowing at a great speed axially along the arc cause removal of heat
from the edge of the arc and the diameter of the arc reduced to a very

small value at current zero.

6. Thus, the arc is interrupted, and the space between the contacts is
flushed with fresh air flowing through the nozzle. The flow of fresh air
removes the hot gasses between the contact space and rapidly build up
the dielectric strength between them.

a—

£

._;'“T‘;;*L § R b .’1' AT B b B e LR [T gy
SN R Ty

Y () "‘“IHI
ue 0l t‘luﬂillu

Alr valv
Iy (FPPINE ~ |
impulee

Arcing
chamber

Alr Seriey EN“Tmul nir
|_reservoir  180lntor tarance fop
‘ n .
tank Peratin
“'ﬂllngn

PART-16
SEy Circuit Breaker.
_— -
r Questions-Answors

o

--—l; og Answer Type nnd Medium Answer Type Questions

—

—

Que 4.20- With the help of neat block diagram, explain the
construction and operating principle of SF, circuit breaker,

Taswer |

A SF, circuit brenker:

| InSF,circuit breaker, a gas called sulphur hexafluoride is used as the
medium of insulation and arc interruption. STy is chemically very stable,
odourless, inert, non-inflammable and non-toxic gas.

2 The properties of SIY; arc such that the gas blast speed need not to be
high. The gas is scaled inside the breaker body at a pressure of 3 atm.
Puffer mechanism is used to obtain the needed speed.

B, Construction :

L Itconsists of arc interruption chamber wherein fixed and moving contacts
are enclosed. The chamber is filled with SF gas and connected to a
reservoir containing SF gas.

2 When the contacts are opened, the value mechanism allows high
pressure SF gas from the reservoir to flow towards the arc interruption

chamber.

gy
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Insulated rods SF
for ppﬂ'ﬂ“ng . 6 Bas
inlet

L

moving member

l Gas ) /

outlet _ .
Cunmé / hrmng

. ovrre h orn
sl E‘&W‘fﬁ

O
_.__Fixed
,_,....-..---*"d . memlnr
= '

. :"" Z
Moving / iﬁ%

e —
m{:mh{’r 7 LT Aﬂ:

’ F / i
£ 3 / '. ._.ul' {.f o
I 7% f-_-x’:?;'./’{,:-/’; member

Fig. 4.26.1. Construction of SF; breaker.
The fixed contact is a hollow, cylindrical current carrying contact ftteg

ith arc horn. . s
’?:t]:e moving contact is also hollow cylinder containing holes ip the Side

permit SF, gas to pass through these holes after flowing acrogg the 2

......
________

‘ 1 tacts are coated with ¢
The tips of fixed and moving con e ( opper t
arc resistant material. The gas1s reconditioned and reused by Bm“ng‘t::n
auxiliary system after each operation of the breaker. le

> Mﬂving
B e Pistop
= - Fixed Pistop

Insulating

nozzle
7 7722227222287
Puffer C}'].inder

Fig. 4.26.2. Arc extinction in single pressure puffer type circuit breaker’

Puffer mechanism is nothing but a piston cylinder arrangement, Ty,
gas moves out through a convergent-divergent nozzle at high speed ang
quenches the arc.

During normal working condition, the contacts are closed. When the
contacts are separated, then arc is struck between them.

The high pressure SF; gas enters the arc interruption chamber. It absorbe
free electrons in the arc path to form immobile negative ions.

The gas also removes the heat from the arc. Due to this, arc diameter
reduces and it becomes small during current zero with the turbulent
flow around current zero, the arc is extinguished.

tn.

o |

0

But during opening, puffer eyli
ind _

Gas gels compressed withip Puffe:r lmlr-ld Movin Contact g1,

When contacts move fyrthe Yy lndErLPI >P,), ™ Moving.

A F, are
from higher pressure p_, b 18 drawp
2

Tin A 217. | Discuss the Properties of SF
5

guuﬂble for circuit bregker!_

y

Wwhich Mmakeg jt Most

LAKTU %lﬂ-m’ Marks lﬁ]

4 Ithasanexcellent heat transf,
of SFg1s 2 to 2.5 times that uf:;'rpi:':perty_ The heattran;fer capabil;

5. Theheat Eﬂ!lt&ﬂt Property is mych ~ame pressure. 4
assists cooling of arc space after cmllghe; than air, This Property of S

B. Chemical properties of SF i ent zerg. B

L. Itis chemically stable at ﬂtmq:-p 3
to 500 °C.

heric Pressure
and at temperatyres
9. Itisachemicallyinert gas. "

—
S
—_——

e

PART-17 o Ty

Quesﬁons-Angw,'n

Long Answ wﬁmmmmmhqum

Que 4.28. ] Explain the construction and wo

rkin
drcvit breakes g of a vacuum

Answer l

A. Construction :

1. TFig.4.28.1showsthe diagram of circuit breaker :
made up of glass. ey : { > ncloetre fa
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4-39131[&‘,'}'1.%7
1)

e <— Fixed contact
_____...-—-r-""'Eﬂd ﬂ,1n5_§':”
'—'r;‘r"l._ e+—End shield

[~

FJI

.P

“—J ] H «—(eramic envelope
<4—— Vapour shield

- -3 B Electrodes
A
L L] < Shield support flange
AT

Metal bellows

Ir

e

»— End flange
<«—Moving contact

Fig. 428.1. Vacuum circuit breaker,

Vapour shield is made up qf resin. This shield prevents the meta) o
from reaching the insulating envelope.

One of its ends is welded to the moving contact. And other end iswt'ldad
to lower end flange.

[ts contacts have large disc space faces and these faces contaijn 8piry
segments because of which the arc current produces axial magnetic feld
This helps the arc to move over the contact surface. Two metal flanges
are provided which support the fixed contact and outer inslﬂating
enclosure.

Working :

Separation of current carrying contacts causes the vapour to be released
from the contacts giving rise to plasma.

Thus on separation of current carrying contacts, the contact space s
filled with vapour of positive ions liberated from the contact material;
the vapour density depending on the current in the arcing,

During the decreasing mode of current wave the rate of release of the
vapour falls and after the current zero, the medium regains its dielectric

strength provided vapour density around the contacts has substantially
reduced.

The arc usually has several parallel paths and each arc path originates
and sinks in a hot spot of current.

Thus the total current is divided in several parallel arcs.

T]}e interruption of arc is possible when vapour density variesin phase
with the current and the arc remains in the diffused state.

T R

Hﬂ B iﬂN'SfmJT}

— r'h-'ht Bf!;hnt

;  Thearc does not restrike again if
from the contact zone.

the meta) Vapour is quickly removed

pescribe the construction, operatin
vacuum circuit breaker, What

breakers ?

Answer l

A Vacuum circuit breaker : Refer 4 S s o
B. Applications: iz, Page 4-33B, Unit4
L

The vacuum circuit breakers ar ]

At e effectively used for capacitor bank

2. Vacuum circuit breakers can also be ysed '
e ks for on-load tap changing

C. Advantages:

1 Vacuum circuit breaker is a self contained and s .
oil or gas. does not require filling of
2. Rapid recovery of very high dielectric stre ~ .
ngth on current interruption
so that only half cycle or less arcing occurs after prupermmnm separt
3. No emission of gases-pollution free. o
D. Disadvantages of vacuum circuit breaker :
1. Requirement of high technology for production of vacuum interrupters
3. Loss of vacuum, due to transit damage or failure, makes the entire
interrupter useless and it cannot be repaired at site.
3.

It needs additional surge suppressors in parallel with each phase for
interruption of low magnetizing currents in a certain range.

| PART-18 [
_ DC Circuit Breaker,

S - i o

N = .r ? e r, _-—" #{: L ._‘.},l"b T -_
~ Questions-Answers e
e S TN ARG

Long Answer 'I&pemd]&[edinm Answer Type Questions

Que 4.35.] Discuss in detail about a DC circuit breaker with suitable

diagram and waveforms. AKTU 2020-21, Marks 07
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Ansgwoer :
_ . rig to interrupt load ¢
Hf DO eireuit bre aking ! dcurrepyg;

| rospect to ground because the short ¢
| currents using the grid con

1. Themn quirement
circuits ol high poten
nt can be linnted

il‘tuit
tro).

il witl
{to normal lone

hes are developed, lines are switched into or gyt
itches ¢ running the voltage down.

cuanmne

“flln

9 1f such sw
uanfaulted n

1 A schematic dingrram of
open contact whe

otwork withou
| R
such a switch 18 shown in g, 4.30.1(a), G

1\ roas M and B aro normally closed Contactg
NOrnMaiLy ]

M I LA
o_-——-l-—'—""{ I'_—_- = [
d
AT C L
I"l
0 .
g U t
iu
(a) (b)

Fig. 4.30.1. (a) Schematic diagram of a DC switch (oscillatory disch )
(b) Current wavelorm through M. ge

4 Asaresult, the capacitor Cis charged to line voltage through the high
resistance K.

& \When it is desired to interrupt the current {,, the operating mechanisy,
opens contact Band closes A, thus initiating the oscillations in the circuit
consisting of M, A, C, L and immediat ely afterwards the contact M opens
which interrupt the current at a current zero such as P as shown i

Fig. 4.30.1(b).
6. After this, contact A is opened and B is closed.

VERY IMPORTANT QUESTIONS

Following questions are very important. These questions
may be asked in your SESSIONALS as well as
UNIVERSITY EXAMINATION

Q. 1. Deseribe phenomena of are, properties of are, initiation an¢
maintenance of are,
Anx. Refer Q. 4.2,

4. Explain the terms: restry

. How are the circuit breakerg classif;

king voltage,
n fﬂr mstl’iki
ge, indlll:tnn

RRRV. Derive expressio
in terms of system voltg
Refer Q. 4.7.

Fecovery Vvoltage ang

ng vol
ce nndtagu and RRRy

condition and give the im 2
voltage AC circuit breake:l:urtant ratings of a typical high
Refor Q. 4.16.

What are the different
breakers ? Discuss their

Refer Q. 4.21.

mﬁthﬂds of tE t-
merits and dEme:i::_g of circuit

same.
Refer Q. 4.22.

ed ? Give details of the

circuit breaker,
Refer Q. 4.24,

Explain construction and .
breaker. ' AT

Refer Q. 4.25.

ng of air blast circuit

Discuss the operating princi
What are its advantages ove
Refer Q. 4.29.

ple of vacuum circuit breaker.
r other circuit breakers ?

©00

Join Telegram Group - @AKTU_Group Scanned by TapScanner




Join Telegram @Bf6Up - @AKTU Group

Y b MAS TUI SE SR 1L 17,
N pm—

T -7)
B (EN -Sem Modern Treadsin Proticiion

M = } PA R'r-ﬁ | -

| Electronic Relays.

| i RO i S
| Modern Trendg b =T Questions-Answers

[ S NIT | P ro te ctioll ang Answer Type and Medium Answer Type Questions

[ ——-—"—_"_'_———_:J
ﬁ ______..h——_-:-:___
m Discuss electronic relay with the help of neat sketch.

& CONTENTS | —=

— The electronic relay is a type of an electronic switch that open or close
Part-1 : Electronic Relays wuesmemenessmsicssnsncnn, 5-2B to 5-3B " the circuit contacts by using electronic component without any
Meniional 5-3R mechanical operation.
.2 : Static Relays ctional iR to ! ; :
Eace Circuits : Comparators, 5-5B 5 The two basic arrangements of electronic relays are :
Level Detectors ” Amplitude comparator electronic relay :
G 2 Tave \ litude comparator electronic relay is shown in Fig. 5.1.1.
Part-3 : Logic and Training Circuits ....uiicisien.. 3-5B to 5-8B . The amp : > l‘l. Fig ‘
5 The relay has two input AC quantities which are compared and rectified
Part-4 : Microprocessor and Computer ... 5-8B to 5-1pp | by the help of rectifier bridge circuit. The AC quantity is applied to the
Based Protection Schemes control grid of the bridge circuit.
- The relay placed in series with the bridge circuit start operating when
Part-5 ;1 Software Deve oBReil oo rrnans 5-10B to 5-11p . any one of the input quantities exceeds to the other.
for Protection, n
k Security and Reliability J ioaas
ARV, |
5 Gnd Relay

operating

\’1& % % &w I \,\-5\ Cathode 35 coll

7

5-1 B (EN-Sem-7)
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Power Svatem ot ection _ H‘_‘em'h [ L IEN*&'M T_l"—-_ > I
o | e B ' "l"l"l rF'l'}fI- In i‘r"!f"
- B . ity Meetion

N Phase comparator electronic relay : ‘ o T-—l S ——
\ I'I"! !'It\ Aronic l\h."t":(“ t‘i"iIT‘IrL."ll'-l[“T ﬂ"l.’l\* o nfl"li'- .‘l qi.]"lrl'“t!f'! L] Ri\'pn !ﬂ q : “Iﬂ '!‘lf'ﬂl!“t. n" a .‘.tlﬂ' '

the contral grid of the electronic tube, and the other is directly Connected ihe function of each element. relay ? Deacribe

te the sereen of the tube ———__l

w E » "r

B The relay starte operating W hen hoth the AU gquantities are in |"‘ﬂ!u Ans

with cach other

Feed Plement | DC prwap

Electronw

tube _o— r e
U 0w
e : [nput R
¥ Relay — "PUY L] Measuring Output
L ' -,‘[‘T'I‘hllil‘lg erﬂ}'iﬂﬂ nlnmenl 'I!m“l — ::ﬂ;l}ﬂl |_____. Trﬂf:]r:q
—— o0 ya 1 1reun
O quantity Rectifier Cumplrltnr ']'"1:“::
14
" an amplifier
L n;.nl.ah:uiamq-r-iwmt.,
= supply The relays wbichdonntmmuﬁng parts l,
- components such as diodes transistors ::d :t:n::j::te electromc
v, A Inputelement; ic relays
o ’ . The relaying quantit
Fig. 5.1.2. Phase comparator electronic relay. : atnut uﬂ tgl':llnsd podr be the output of CT or PT or it may be the
T Cer or It may be combination of varigus signals
ﬁ ‘ | B N 9 mmmemmtmum&rhﬁqﬁndumm element
Que 52. | What is electronic relay ? Also write its a vantages ang to get the input signal in a convenient form bef, 1 y
F R — measuring element. ore applying it to a
B. Measuring element :
Answer l 1 Thisiztheieadufthestnti lay. |
. Crelay. It compares 1
A Electronic relay : Refer Q. 5.1, Page 5-2B, Unit-5. element with a set value and decides the ll's:n:ﬂ-htt::];:m uln:';n ::f::
B Adcen i output element which drives the tripping circuit_ »
1  They require low maintenance. 2. Measuring element can be classified as -
2 The relay has fast response time. L Singleinput device.
C  Disadvantages : i  Twoinput device.
L The power consumption in the electronic relay is very high. ui  Multi-input device.,
2 The relay has the short lifespan. C. Output element :
2 _ .1y 1. The signals obtained from the measuring element are required to be
PART-2 MPhﬁ'i;-'ﬁ before applying to the tripping circuit. Thus output element is
i | an amplifier
Stas: : VARG o | :
tatic Relays Functional Circuits - Comparators, Level Dgtgq:q@, | 2. Sometimes this element not only amplifies the signals but also multiplies
them or combines them with other signals to delay them.
Questions-Answers ceabecr s , Sy T D. Feedelement:
1. The measuring element uses electronic circuits consisting transistors,
Long Answer Type and Medium Answer Type Questions . diodes etc. The output element uses transistor as an amplifier.
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S (EN-Sem-7)
Power Svstem MNrotecton MB‘BN“‘“‘m'?i ﬁ'f-l—]' L e Lfodprn Tl""nd_llﬂ Pr
. - ——— '_ e ———— - s Moetinn
All ”n‘-‘{'l.‘u“‘ll'l"."'lt‘l‘i'.{.1."”1"{" nh‘“ﬂ \.‘\'1“\”'“‘1“]-‘]“""“ I."IITIII! M]ilimlx‘ r—__ Q.I ||~\——\\-—_H—"“—————-— _-:__,
supply for the proper functioning. The feed element provides the pe : Answery
voltage arioune ele L= i
tage required by the various elemen Long Answer Type and Medium Angy er Typ i
Que 5.4, ] What is comparator and explain its types ? Also wrjt, —— —_— Questions
the limitations of static relay. i =
ARswei Que 6.0. | Discuss logic circuits in statie relays,
;: Comparator and its types : Refer Q 2.9, Page 2-14B, Unit-2. Answer '
. Limitations : | . 1. The concept of logic cireyjts in static r 1
L. These relays have lower short time overload capacity. considering the logic operations perfor, ; 4Y can be understond by
2 Additional DC supply is [‘l'\]ll"ll"ll‘d for various transistor circuits. mmplex static rElﬂ}' Operation also mpl,_. b’ the devices, Thiz makes
3 Sasceptible to the voltage fluctuations of transients. 9 Basically, all relays are bistable devices

4.  Less robust.

Que 55. | Explain level detector in static relays. ' r;gt'ect.inn -S:Shem‘:e 'L'D:Iisting of a num pp:‘;:;:r:t‘ﬁ? ard analyze
4. g1C carculls can be obtained using different .
I 2 of :
Answer . Reliy lng'tc : types devices

I Level detector circuits are used in static relays as a final stage before the

tnp coul circuit of the circuit breaker. the basic operations mechanized u;nz mh'it‘:ilhtir l@;s: operations.
2 The level detector is derived from the fact that the circuit operates i All contacts are shown mn their normal ition. ¢ m F'lgl g
abruptly when the input level exceeds a predetermined value. Thus each relay operation could hemr# basic mg;mh-i:g
3. It is shown in Fig. 5.5.1. which shows the principle of a level detector. functions which in turn can be represented by a smlP:hIe log;:cmnrm
Here there is normally a positive bias on the base of the transistor to L »
keep it non-conducting. 1 e r’ —— e
<. The transistor be d d 1 1 1 ! | 1
r can be made to conduct or switch to operation, if the : : A=,
input voltage is made to exceed the input bias in the opposite direction gl e B : BT ORI =AY R
i.c., the base is made negative with respect to its emitier. %1 %
]

g Loz ]
Re WW T = (a)
Ioput +
.- |1 ] ‘r. —.———.r':"-___...ﬁ.B
!

+ +1'= A —p
Bias X | B : A AND —=A.B
Fig. 5.5.1. Level detector, . é;
PART-3 | g o S
Logic and Training Circuits. it
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. Fe ML 1 Elt 4 4
:Jf_mial | {3 h%i‘
n s Yoiectron 6-7“'LN\%M'?' e o ""‘_"‘—-—-——_.____L_'_(:i_::n-rr"ndl in P"‘“f"'mn
oWer Syeiem i B L ——— i Basic NAND and N‘IH :irr“iu h‘-‘d on e —— .
A Are shown in Fig. 5 4 3
- > ; .
i \ =841 NOT [—»A
|
A ‘ R
AR
- . R A
. A+B
_..; P, ' k‘——.-’l—b \ A B
. ‘ Y T NAND —= .
| | | —
N ) _ T
B él ¥ ke
- - Flg. 5.63. DCTL cirvaita 3
N - (d) - m" S
-~ - - . : T s ——
: .. A— NoR |—= PART-4|
A__— H__% B Microprocessor and Computer Based Protection Seh -
i) Iﬂﬂlm%m&ﬂ-ﬂmmmﬂn—&;—
Fig. 5.6.1. Logic operations using relays. i il
b Diede logic (DL) : The two stable states of the diode are conducting
i-e., forward bias) and non-conducting (i.e., reverse bias) states. Q .
Conventional diode OR gate (circuit) and AND gate are shown in Q“ads.'.?'_ l With the help “fbl“kdhmﬂpllinmmpm
Fig 562 based protective relaying scheme.
“'llll Answe_l' l
Ae— 5 & Y-A+B R% L Fig.5.7.1 shows the block diagram of microprocessor based relay.
I 2 Inthisrelay.theuutputnﬂimcumnttnndnmrtcnhmmr.he
Be- > § A e input receiver block where signal is processed.
R 3. The signal processing includes surge protector, rectifier, smoothening
-\ L < —Y=AB filters, nuxi]iaxycretc.,dependingupontherequiremm
. I (b) AND gate 4. The analog to digital converter converts analog signal into a digital
a) OR gate signal which is accepted by the microprocessor. The microprocessor is a
Fig. 5.62. DL circuits. _ decision making block.
¢ Transistor logic : 5. The digital mgn.al mgeived 1s compared with the reference to generate
L Logic circuits using transistors could be developed in two forms : the proper tripping signal.

Resistor transistor logic (RTL)
Drrect coupled transistor logic (DCTL).
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Powmer Syetem Drotection S ‘EN‘%m‘h BADBIES Tl \
_ : b ) i = —— Modern T,
Cireuil 7. The digital values of 4,4 signal —— xr'_'_ld“" I rotectinn
processor. A3 are then 4,
breaker : red in the RAM of the
: software '
CT Line R. T‘"‘ re ITJ" RO prﬂwlﬂﬂlhﬂm thigi ‘
__1 “0) - § , —E o . signals in accordance wiy}, the rnlay;:“n:m“m Fepresenting tha fanle
f *ripping sigon| f.  The processor responaible for issuj f: A |
4 kept compatible with {he trip coi "8 the trip signal This trtn _
/A converter P coil of the circuit bronkep Fip signal ig
-—-_--"_.h‘
] ! PART-g
. \1 b 08
Signal i . —e=| Microprocessor Soﬂuiﬂrﬂ wafﬂpm'nf for Pfo
Drocessing ? * converter T ‘ - “ﬂﬁ"‘l Sfﬂﬂfﬂy and R‘“ﬂbﬂﬂy_
I Display Qu.mmMI'M
Data Dalta l‘,ns An.w“ TYPU I =y e ————
Plug e —— 4 and Medium
seiting logger request Answer Type b
Fig. 5.7.1. Microprocossor based relay. Que 5.9. I Explain software for relay protecti secu
. on and
6. Thisis adigital signal which is converted to analog again to operate the - | rity.
tripping coil. This is achieved by the D/A converter. Ansyex
: e |
7. The data logger captures the data and feeds it to lh:.lmu:ropr?cessur 1. The software fﬂrmlﬂrpmtmmnm! g e
when there is a request from the microprocessor. 'I"he Il:lfﬂnnﬂllun can software, test execution software webt, 'y inchudes test editing
be displayed with a proper display device by taking signal from the program importing software, ete. il some relevant
MICTOProCessor. 2. The test editor is mai
‘ 2. se:er i du;.e: :; n&ﬁ:ﬂ r":':d’tmg test cases, which is divided into
Que 5.8, ] Explain computer based protective relaying scheme. 7% relay protection functions.
3. Each l.‘uncuunnl module is used for testing an independent relay .
= G I functmnt. 5'#11 nslprutectinn. monitoring, control, and has itsp;:::?;:
swe . parameter list, related configuration files :
1. The computer based relays have been developed from a torque balancing tolerance setting. several input and output files

device to a programmable information processor.

4. Every function module consists of dozens f dreds
2 Inthis relay, after taking the fault signals through the CT and PT, the defining all the related datum related to a te:t(nel..gl.l.t:tlinga,u[fomm:lm

signals are passed through an analog type low pass filter. configuration file, test procedure, expected result crnitena to evaluate
3 During the conversion of the signal from the analog to digital form, the the test result, curve for the test result, etc.).

analog signal must be kept constant. For this purpose, the analog signal 5. The development of a test case is based on a speci
1s put to the sample and hold circuit after filterning. pecific test template

(e.g. operate value, operate time, test sequence, etc.).
4. In next stage, the sample and hold value is passed on to the analog to 6. Atest case could be modified or deleted and could be created based on an
{digitaj converter. existing test case.
S.

The complter processor controls the action of the sample and hold 7
cirguit along with the analog to digital conversion with the help of end of data and test hardware information. And it also gives the link to run the

conversion signal issued by the analog to digital converter. test engine. It's like a bridge to co ¢ the dat (o' tha'testing
6  The output signal of the analog to digital converter represents the digital hardware.
form of the fault signal, which is suitable for computer processor. 8.

Database is source of test data and it stores test cases, files, test project

The test executive part includes : user interface, test sequencer, database
processor, testing result evaluation program, and test project processor.
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¥ e test executon inter{ace can chrhlﬂ_\'ﬂ‘lt‘ {est schedule and test resulis

i" tL‘-" ARG SEMYH I".‘
E ' ST * - !
10 Webpage server i an appheation w hich is used to hrowse (he test pry Ject
and report generated by the test system

11 1 allows users w ith POTTNISS ons (o '|'f'|.;'-dl'[\- Lhe l‘!rﬂjl‘ft or test state

Que &.I&, What do you understand by relay security ang | (;rOtQCtlon SCheme
reliability ? | Marks QuestionS)

svstem operation. This is known as secunty. 1. Define switchgear. [AKTU 3615 Marks 02|
B. Reliability : Refer Q. 17, Page 1-8B, Unit-] | Ank The apparatus used for controling. recs = 3
, OWmedwmtmﬁtkwTM‘\_
| switchgear. The switches £ | i L’ T_k;— = e ae
" ' current and potential tramefior i !_“ e, ey reigvs
." | rrestiers and control panels are exmmples of e seriger e
| VERY IMPORTANT QUESTIONS I - = S SN w—
A - 1 1SCuss what
!memwiﬂpﬂﬂmt These questions wumdmwmﬁfim
| may be asked in your SESSIONALS as well as relay. AKTU 201718, Maris o3|
UNIVERSITY EXAMINATION. ABE. Stability is the quality of protective relavs da o o ’
remains inoperative and stahle under certam q:.-:#::_.;_w_‘r_:
such as transient etc. i ;
Q. 1. What is electronic relay ? Also write its advantages angd
disadvantages. 13. What do you understand by primary and backsp protacsion *
Anxk ReferQ 52 :
AKTU 2016-17, Marks 22|
.2 What are the basic elements of a static relay ? Describe the _ OR
function of each element. Explain the terms pPrimary and backup protection.
Ans ReferQ 5.3
er Q | AKTU 2019-20, Marks o2
Q. 3. Explain level detector in static relays. Ans ; .
amk ReferQ 5.5. L wpﬂmu:hﬁmtﬂmwmh
lsnhnngltﬁnmthemwitisthmmryeﬁ
Q.4 With the help of block diagram, explain microprocessor zone to 1ts elements. It is the first line of defense.
based protective relaying scheme. 2. Backup protection : It is the one which came = plav when
ABs Refer Q 5.7. pmmmmm&ﬂaltmﬁuam&éxymmm
relav sufficient time to operate.
Q.5. Explain software for relay protection and security.
Amz Refer Q 5.9 14. Explain what you understand by pickup value of actuating
quantity. |AKTU 2017-18, Marks @2
OO Ana Itisthevalueo{mﬁngqumntyutﬁ:htberé{risc:me
verge of operation. These quantities can be current. valtage.
frequency etc.
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ENSern 2 Marks Question,

ities of protective relaying 2
[AKTU 2020-21, Marks 03]

What are the desirable qual

Relinhality
Speed and time
Sensitivaty
Statehty
Adequateness

Explain the need of protective system.

It is needed for the protection of short circuit condition arising in g
power system.

To minimize damage
faalure.

to the system components involved in the

Give the uses of summation transformer.

Qun}n‘.ntiﬂn 1[‘;1"511‘!]"1“{"!‘ ih'» usfd t‘l.\'r CunVErting thﬂ lhr["ﬂ"phﬂ_ﬂn

quantities into a single phase quantity.
Summation transformer is used during unbalanced or faulty
conditions in the system, in order to ensure the relay operates

normally.
Write the different types of protection scheme.

Overcurrent protection
DMistance protection
Carner-current protection
Differential protection

What is auto re-closing ?

About 90 % of faults in transmission lines are transient in nature,
which disappears if the line circuit breakers are tripped for 3

moment to isolate the line. The line is re-energized again by
re-closing the circuit breakers. Automatic reclosing of circuit
breakers is known as auto re-closing.

Write the different types of potential transformer.
Electromagnetic

Capacitor type
Opto electric type.

What is protection zone ? AKTU 2020-21, Marks 02

s e

T —— T o 5 "
SR
power System Protection

. T RN

1. A protective z29ne covers
power aystem,

2. Tho protective zoneg gre

power system is colleetjvel
the system is lefy “nprmmijw"""’ by them

one or

ay that the entjre
- and thus no part of

1.12. Draw the elreuj

)
cn l. o i e e

f I - :

: T~
I : :
I 1 "
I : )
|

' I

; Lapge

*Fault

A WS S
Fig. 1.12.1.
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prawer Hystem Proteetion

Operating time ?
In aeg onda

- E SQ-6n (EN-Sapm.7)

2.6. Compare the time-current charactoristics of y
"
' | relny with that of IDMT rela -_2 Inverse
l | Ans. 4 _’_i__“lU 401718, Murks 02
" 221018, Marl

n» Tlnﬂ'n-;l;--l;mr_-

b [IDMT

¢ -» Very inverne

L_rl v Extramaly Inverse

2®

104

1 R 3
21, What do you understand by relay " whicl I =9
‘ . davice b ana ol which an electrieg)
ARk A relay is an antomatic device by meana o PP rcn
jlru'll.‘luu‘m:;:nw tly controlled and is governed by a chango in the
same or another circul 0 ) :ﬁ_‘ \
29 Name different (ypes of plpril‘ﬂl"li“lll‘lll"' nttranetion l‘i*lua-". . Ing
AKTU 201617, Marks 02 ] Fig. 2.5.1.
Anik Eloctromagnetic relay “'""“‘“t“":ﬂ . y rolava ae 2.0. What is an amplitude comparator ?
L. Attracted armature relay @ Attracted armature relays are of Ami It compares the magnitude of ¢
eof tw iti :
three typos its angles. 0 quantities without considering
v Plunger relays
u  Ralanced beam relay 27. DBriefly state th
ol ¢ applications of oy
e Polanzed relay. . | "er current relaying.
2 Induction type relay : Induction relays are of two types : AKTU 2020-21, Marks 02
L Induction dise typeo ASTE: -
u Induction cup type. 1. Itisused for the protection of distribution lines.
2. Itisused for the protection of industrial mo
23 Discuss problems related with the nttracted armature typo tors.
relays, ‘
28. Explain the operating principle of difforential relay.
1. Thedirectional feature 18 absent - =
2 The working can be affected by the transients, | AKTU 2019-20, Marks 02
3. Due to the presence of moving parts, the response is not very quick An&l DifTerential relay is a suitably connected overcurrent relay which

operates in a condition when the phasor difference of currents at

due to inertia of the parts, compared to modern static relays,
the two ends of a protected element exceeds a particular value.

4. Due to moving parts, frequent maintenance is required. The bearing
friction and contact troubles may exist.

2.9. Write the different types of distance relay.
Ans.
1. Impedance relays
2. Reactance relays
3. MHO relays.

24. Explain time setting of overcurront relay,
AKTU 2017-18, Marks 03|

Ani Time setting decides operating time of relay. By incroasing or
decreasing the time setting, the relay operating time can bo Increased
or decreased proportionally,

2.10. Explain briefly reactance relay characteristic of the R-X
"AKTU 2017-18, Marks 03

diagram.
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S8 R (EN-Sem-T)

ABE The diagram in Pig =
resistance) whale )

P1‘1rh\
Z) = (RPN
\
and tan¢= -
'h |
1 \
A= tAan -
* R
« X
'}

- yemating

charsternsLcos

-X
Fig. 2.10.1. Charactenstics on R-X diagram.

211. What are the advantages of distance relays ?
Simpler to co-ordinate.

Permits high line loading.

Less effect of fault levels and fault current magnitude.

-— -—rw_ v'r

2 Marks l‘h!rﬂtmm

2 10 1, iz shownin a plane h.l\'ll‘l;; N-avie as R
Lax1s 1;'. \ (reactance), this pl.un‘ 12 called h'~,\‘

e —— —_

=12 Write advantages of static relay. | AKTU 2016-17, Marks 032

Ana,
1. CT burden is less, so small CT can be employed.

2. Instantaneous reset can be achieved easily.
3. Accuracy in time-current characteristics.

+. Fast operation, absence of mechanical inertia and boun

contacts.

2.13. Write the limitations of static relays.
ADs

0

3. Susceptible to the voltage fluctuations of transients.
%+ Less robust.

©O0O

cing of

L T'ITE.'EZE: relays have lower short time overload capacity,
= Additional DC supply is required for various transistor circuits,

PERLBRLD Y

Power Synlem Iratection

RO-TNEN Beun )

e — Wy S

Protection of

| Components
(2 Marks Questions)

Ans,

3.5,
Ans,

O 0

. Stator fault

. Write the different typesof fault,

There are two types of fault

Symmetrical fault 2 Unsymmetrieal fault

Classify the generator faulis, IAmTibll-ﬁ.ill}l!ﬂ]

2. Rotor fault
Abnormal running conditions.

What type of protective device Is used for the protection of
an alternator againat overheating of the rotar 7

[ AR 3017 i, Mo i

Thermal relay or overcurrent relay

What is magnetizing inrash current ?

|AKTU 201718, Marka 0|
When a power, transformer is switehed ON then the primary of
transformer may draw a very high peak curvent from the sourve

This is known aa the transformer inrush carrent of magnetizing
inrush current of the transformer

What are the various faults possible In transformers ?

Overheating
Winding faults
Open circuits
Through faults
Overfluxing.

What are the protective schemes provided ln generator ?
Stator protection :

Porcontage differential protection
Protection ngninst stator inter-turn faults

. Stator-overheating protection,
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Rotor protection :

IMield ground fault protection

Loss ol excitation protection

Protection against rotor overheating because of unbalanced {hpg,

phase stator currents.

What do vou understand by the term ‘under-reach’ ?

AKTU 201718, Marks 03

Failure of distance relay and within set distance is called undey.
reach

What is pilot wire ?

Pilot wire means a communication channel of wire through which,
oxchange of information talkes place between the two end terming)g

of transmission system

What do you understand by pilot wire protection scheme ?
AKTU 2019-20, Marks 02

Under normal working condition, the two currents at both endg
are equal and pilot wires do not carry any current, keeping relays
inoperative,

Under fault conditions the two current, at two ends are no longer
same, this causes circulating current to flow through pilot wires,
This causes relays to trip which operate the circuit breakers to
1solate the faulty section.

What are the advantages and limitations of Merz-Price
voltage balance system ?

Advantages :
It can be used for parallel as well as ring main system.

It provides instantaneous protection to the ground faults.
Disadvantages :

The CTs used must match accurately.
The pilot wires must be healthy without discontinuity.

What are the advantages of the Translay scheme ?

Only two pilot wires are required.
The cost is very low.

List the various possible busbar faults.

- '*'EHW'

Ax@: ILis limit the damago on equj pme

power System Protection
————____ BQup (EN.8om.7)
| —
. 1. Failure of insulation dye to mate

2. Failure of circuit broaker,
3 Earth fault due to faj]

9.13. What are the schemes of bushap Protection 7

1. Framo lqakngn protection of hughyr
2. Circu!ntmg current protection of lm;hnr
3. High impedance differentig) protection t;l"hu.bur

3.14. Why bus bar protection {5 important |n power system 7

2020-21, Mar 02|

before back up line protectior nt and alse remove hus bar faults

©0©

— i
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Circuit Breaking
(2 Marks Questions)

UNIT

o -

1.1. What is the purpose of circuit breakers (switchgear) ?
B [AKTU 2016-17, Marks 02

- ically ted electrical swi
i : s an automatically opera - witch
- $~::;Léﬁ ti:.ll-(;;‘l;?zclt an electrical circuit from damage Eﬂuslud by
-:-trl'm current, typically resulting from an overload or El}ﬂrt circuit,

Its basic funclion is to interrupt current flow after afaultis detecteq.

AKTU 2016-17, Marks 02

42. Define arc extinction.
OR -
What is meant by the term arc quenching ‘?
(quenching) is a process in which path of are {4
purpose to extinguish it. For arc interruptiop,
ast, high air pressure turbulence apg

Auns. Arc interruption
interrupted for the

difYerent procosses like air bl
arc splitting are used.

4.3. Discuss the energy balance theory of arc interruption ip
circuit breaker. AKTU 2017-18, Marks 02|

Ang The rate of generation of heat between the contacts of the circuit
breaker is lower than the rate at which heat between the contacts

is dissipated. Thus, if it is possible to remove the generated heat by
cooling, lengthening and splitting the arc at a high rate then the are

can be extinguished.

44. What do you understand by recovery and restriking

voltage 7

Ans.
A. Recovery voltage : Power frequency rms voltage which appears

ncross the circuit breaker contacts after the transient oscillations
die out and final extinction of arc has resulted is known as recovery

voltage,
B. Restriking voltage : The transient voltage that appears across
the circuit breaker contacts at the instant of arc extinction is called

restriking voltage.

—_ — e

B SR S Y p iuwl LE‘E '

, System Protection
power S SQ-11B (EN-Sem )

e —
——

ARTU 2010-20, Marka 02

4.5. Define RRRV.
amns: [tis the rate of rise of restriking voltage w ,
per microsecond. This will rupremntgrhn}f::‘elte??nﬁ mits
recovery voltage is increasing, ich transient

4.6. What do you understand by the term “Current Chopping™
n
AKTU 201020, Marks 02

1. There are ci:rtain. cirrl:umstances like disconnecting transforme
on no load in which it is necessary to interrupt small i'nduc‘li:!
currents. The no load current of a transformer is almost at ;
power factor lagging. e

2. This current is normally smaller than the normal current rating of
tl:ne breaker. Inten}zptmg such current causes severe duty on the
circuit breaker. This phenomenon is called current chopping.

4.7. Explain short time current rating of a circuit breaker.

AKTU 2020-21, Marks 02

Ans.
1. 'I“}m: shl?rt time cm.Tent rating is based on thermal and mechanical
limitations. The circuit breaker must be capable of carrying short

circuit current for a short period while another circuit breaker is
clearing the fault.

2. The rated short time current is the rms value of the total current
that the circuit breaker can carry safely for specified short period.

4.8. What do you understand by short line interruption ?

Ans. The fault occurring between a distance of a few kilometer to a few
ten kilometers from the circuit breaker is called short line

interruption.

4.9. How the air break circuit breaker works ?
AKTU 2016-17, Marks 02

And. The principle of high resistance interruption is employed for air
blast circuit breaker, The length of the arc is increased using arc

runners which will increase its resistance in such a way that the
voltage drop across the arc becomes more than the supply voltage

and the arc will be extinguished.

4.10. Give the classification of circuit breakers based on medium
AKTU 2019-20, Marks 02

used for arc quenching.
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pPower System Protection

2 Marks Qu'ﬂﬂlium
SQ-12 B (EN 7) — _ 8Q-13B
}' Sem _ — 4.14. Write the “d""ﬂntngeg and diﬂnd {EN‘SQIH-'”
Vantgy

. ircuit b :
— edi Voltage range anq SRR ges of minimum oil
ing Medium Ang.
Type Arc Quenching Breaking capacity A. Advantages :
e 1. Small tank size and wei
. ; o V; WElghL
Miniature circuit| Air at atmospheric pressure :L?Erggf m:ifE; e 2. Low maintenance probjep,
breaker B. Disadvantages ;
: : 400 V-11 kV; | L Increased degree of ol
Air-break circuit [ Air at atmospheric . . ; Earbonmatmn dueto g :
breaker pressure G-700 VA 2. Difficulty in remova) of gases from the mnTnf:Z;thtyaﬁm
: . ; == ace 1n time,
Minimum oil Transformer oil fﬁao-ggﬂizﬂﬂhﬁ;& . ’
braikes arciit 4.15. What is resistance switching ? ARTU 20 T
: : T — 20-2 ks 02
Vacuum circuit | Vacuum 3'530-1;':}’0%3}];‘3;1 Ans: ——— ‘ ’
hiaalian 1 e '.r:.enuPhun of low inductiye currents, inte ti f
nanm ; I capacitive currents gives r ' fruption o
SF circuit SF, at 5 kg/em" pressure fuaﬂc: 6550 15‘;0 MVA 2. These excessive vaitgt:g?az:;:: ;e vere voltage sscillations,
) — uring cireu; :
breaker ——— A — El‘zgﬂtﬂd E::F tile T%lse of shunt reﬁ.ftancz l;.?u;t;l:;p:iuen ca:_gbl.;
Air blast circuit | Compressed air at high : ' - reaker contacts. This process js known ‘ € arcui
breaker pressure 2500-60,000 MVA | as resistance switching.
e — : 4.16. Define breaking capacity of a circujt biaiias
4.11. Why current chopping is not common in oil circuit breakey 7 i - AKTU 201718 -
: s
-21 | " ! N, :
AKTU 2020-21, Marks OEJ | Aug It is current (rms) that cireujt breaker is capable of breaking at

il circui iven recove . :
An& Current chopping is not common in oil circuit breakers because jp l‘ gl overy voltage and under specified condit
most of the oil circuit breakers the arc extinguishing power s

proportional to the magnitude of current to the interrupted, @@@

ions.

Write the advantages and disadvantages of air blast circyj¢
breaker.

Advantages :
No power hazards are possible. |
High speed operation is achieved. !
Disadvantages : !
The maintenance of compressor and other related equipments js
required.

There is possibility of air leakages at the pipe fittings.

E e
P =B~ ro

Give the advantages and disadvantages of SF; circuit
breaker.

Advantages :

Problems connected with current chopping are minimum, '
Size is smaller than conventional breaker of same rating.

Disadvantages :

Sealing problem arises due to the type of construction.

Imperfect point leads to leakage of gas.

*
-'"*'!"F’P-‘*:—-PE &
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2 Marks Questigng System Protection
i wer oy
SQ-14 B (EN-Sem-7) —_— s SQ-16B (EN-Sem.7)
5.7. Define level detector in statje relay
1. Level detector circuijts
* . i h ':l_rc"" are used in gtqt;
Modern Trends In before the trip coil circuit of the circuj?b:-;:;hﬂ a8 a final stage
L 2. The level detector is derived from the s tlmer‘ o
| & I'Ot&Cthn abruptly when the input Jeye] exceeds g pred:: he c}r::ltt Operates
. ¢rmined valye
(2 Marks QUESthnS) 58. Write the advantages of microproce
relaying scheme. ssor based protective
» It flicient and
ctronic relay ? 1. ltisvery ellicient and reliable,
5.1. What do you unlderlstaltld :zfeﬂlneulectmnit switch that open, L 2. Itisvery fast in operation.
i Fis a . : :
- chsiEtlﬁgt;iﬂfi: inagtits gr)? using electronic component withgyy 3. Programmable in nature,
any mechanical operation. 5.9. What is static relay ?
f electronic relay ? Ans. The relays which do not yse movin
2. What are the advantages o eler:_trunlm components such ps dindig m&w:&u E:rl::dc:nlt:ﬁ
1. They require low maintenance. RERCTE R,
] £ nse time.
2. The relay has fast respo 5.10. What do you understand by reliability 7
53. Give the disadvantages of electronic relay. AnE;
e 1. ﬁpl'ﬂtt:ﬂ“'ﬂ relaying should be reliable in its basic quality, It indicates
1. The power consumption in the electronic relay is very high. the Bj",‘“'"" of the relay system to operate under predetermined
2 The relay has the short lifespan. conditions. Kk
2. Every component and circuit which is involved in the operation of
54. Draw block diagram of static relay. Eelay ELnys &n 1mﬁ'$1?nt rl?lﬁ and reliability of a protection system
AKTU 2016-17, Marks (2 I:Il'::tc. onthere Ly of various components like circuit breakers,

Feed elemoent
I

+ {]uljul 1 ©©©

—p{ Input [ ___| Measuring | olemont  [———u TSPNFE
Rc-ln_w_ng element element amplifier reuit
quantity _ )

Rectifier Comparator Transistor as an amplifier
Fig. 5.4.1.
Fig. 1.

5.5. Write the basic elements of static relay.

Ans. The basic elements are : ‘
. Input element 2. Measuring element
. Output element 4. Feed clement.

- What do you understand by phase comparator ?

1
3
5.6
Ans. A phase comparator compares the two quantities by comparing
their phase angle irrespective of their magnitude.
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