CHAPTER

Switchgear and Protection

7.1 Introduction

Ina power system, faults can occurin any components like generators, transformers, buses or transmission
lines and so on. The apparatus or equipments and their associated auxilaries employed for controlling, regulating
or switching on or off the electrical circuits in the electrical power system is known as “switchgear®. Faults in
power system generally fall into two categories “short-circuit faults® and ‘open circuit faults”. Whenever a

On the other hand, open-circuit faults causes abnormal system operation and danger to personnel. They can be
tolerated for longer period of time than short-circuit faults. The faults are detected by relays (automatically) and
the faulty section is isolated by circuit breakers. The combination of relays and circuit breakers is known as the
‘protective system”. For the complete protection of a power system equipment there must be a coordinated

7.2 Components of Switchgear

Switchgear has got mainly four components which are as follows:
1. Fuse

Lightning arresters

Circuit breakers

Relays

HwN




The various components along with some other equipments used have been described as follows.

Fuse . . -
Fuse is a piece of metal which interrupts the short circuit current. It is the cheapest and simplest current

interrupting device for protection of the equipment upto 600 V against overl9ads a;glor sho;t :rltrzil:gz.it}':fef#jae c;:
i t safely without overheating and during s

expected to allow the flow of normal working curren - durir _

it gets heated upto the melting point rapidly. The materials used normally are tin, silver, zinc, lead, copper,

aluminium etc.

Isolatoers . -
Isolators are used to disconnect the circuit breaker from live parts of the system. It is called a

“disconnecting switch”. it operates under no-load condition and has no current breakini a_nd c;urrednt r:z:(rl:gl
i i inati ith circuit breakers which can make and break circuit unaer

capacity. Isolators are used in combination with circul . ‘ ke ar ‘ .

ang shtgrt circuit conditions. A “load break switch” or “load interrupting switch® combines the function of an

isolator and switch which is used for breaking the load current.

Lightning Arrester or Surge Diverter . ‘
The device/equipment used for the protection of the power system against v.oltage slurge |§ car::e:

“surge diverter” or “lightning arrester”. It is connected between the line and ekarth to dwfr; th: ;r;cr:ic;r::r'\vgh t?]e

[ i ists of nan-linear resistor blocks connected |
voltage wave to earth. A lightning arrester consis e ecovor 2ol
i in Fi i ltage wave reaches the surge diverter, it sp

series gap as shown in Figure 7.1. When a high vo . .

providSs g conducting path of relatively low impedance between the Ilne. and earth so that the resmtjltlng current

flows to the earth. As soon as the voltage again comes to normal value, it stops the flow of current.
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Figure-7.1 :Protection of line against high-voltage surge using lightning arrester
i i i us
“Thyrite arresters” are the most common and is mostly used for the protection against high dangero
voltages.

Surge Absorber | o )
The device which reduces the steepness of the wave front of a particular surge and thus minimises th

i ifier” or “ er”.
danger due to over voltage is known as “surge modifier” or “surge absorb

Circuit Breaker (CB) ' ‘ o
Circuit breakers are mechanical (or automatic now a days) devices designed to close or open CO

i iti ic circulil
members, thus closing or opening an electrical circuit under normal or at?normal condmonsl. Autorr::z::means
breakers for the protection of electrical circuits are equipped with atrip c.:c.nI cor.mected toare taytor)o
which are used to open the breaker automatically under abnormal conditions (i.e. over current etc.).

7.3 Operating Principle of a Circuit Breaker (CB)

A circuit breaker consists of two contacts namely “fixed”and “moving contacts®which touches each
other under normal condition i.e. when circuit breaker is closed. Whenever a fault occurs, the trip coils get

energized, the moving contacts get pulled by some mechanism and therefore, the circuit breaker is opened and
the circuit is broken.

Initiation of Arc

When the moving contacts of a C.B. begins to part, the heavy current passes through the gap causing
a small voltage drop. A small separation of contacts does not cause immediate interruption of current because as
the contact separate, the resistance between them increases and a lot of heat is produced due to the ohmic loss.
This heat is sufficient to ionize the air or vaporize and ionize the oil between the contacts. The ionized air or
vapour acts as a conductor and thus the current remains uninterrupted across the low resistance arc produced.
The potential difference between the contacts is quite small and is just sufficient to maintain the arc.

NOTE ®  When the flow of charge takes place in a medium then, it 1s called “arc”,
® Arcin acircuit breaker is initiated due to “field emission process®and Is maintained
due to “thermionic emission (thermal ionisation)®.

® Because of the random nature of ionisation process. the voltage has high frequency
components which also contribute radio frequency noise.

® The heat of the arc causes the ol in circuit breaker io decompose and liberate gases
which comprises of almost 70% hydrogen. 20-25%% acetylene and 5-10% others
(methane and other hydrocarbons).

7.4 Arc Interruption

The arc produced between the contacts of the C.B. provides a gradual transition from the current carrying
of the voltage-isolating states of the contacts, but it is dangerous on account of the energy generated in it in the
form of heat which may result in explosive forces. The interruption of this arc within shortest possible duration is
an important factor in design of the breaker.

There are two methods of extinguishing the arc namely the “high resistance method”and “low resistance
method” which are covered in detail as follows:

1. High resistance method: The resistance of an arc and the current flowing through the contacts
depends upon the number of particles ionized, the cross-section of the arc and the length of the arc.
If the resistance of the arc is increased then, the arc current get reduced to such a value that heat
produced by it is not sufficient to maintain the arc and thus the current is interrupted or the arc is
extinguished. The “high resistance method of arc interruption”is employed in DC circuit breakers
and low/medium power industrial type air break circuit breakers.
The resistance of an arc can be increased by following methods:

(/) Splitting the arc: The arc can be splitted up by introducing some other conducting plates
between the contacts of circuit breaker. If the sum of the cathode-anode voltage drops of short
length becomes more than the supply voltage then, the energy fed to the arc get reduced and
thus, arc is extinguished.

(#) Increasing the length of arc: In arc lengthening method, the length of the arc is increased by

increasing the gap length between the contacts to such a length so that the voltage available
becomes insufficient to maintain the arc.




(i) Reducing the cross-section of the arc: By using a small area of contacts or by letting the arc
pass through a narrow opening, the cross-section of an arc can be reduced which causes
increase in the arc resistance.

(iv) Decreasing the concentration of ionized particles: The concentration of ionized particles
depends upon the potential gradient and the heat produced in case of sustained arc. Hence, it
can be reduced either by decreasing the voltage or by increasing the gap length between the
contacts.

2. Lowresistance method: This method is also called “natural current zero method” which is used
only in ac circuit breakers because there is natural zero of current for a 50 Hz supply (or ac systems).
In this method, the arc resistance is kept low until the current is zero where the arc extinguishes
naturally and is prevented from restriking after it has gone out at a current zero.

7.5 Arc, Restriking and Recovery Voltages

Ina C.B. as soon as the contacts separate out an arc is formed. The voltage across the contacts during
arcing period is known as the “arc voltage” and is relatively low with heavy current arcs of short length. At the
instant of current interruption (arc extinction) an LC transient occurs involving generator inductance and stray
capacitance causing high frequency damped oscillations as shown in Figure 7.2. Here, Vjis the voltage appearing
across the breaker poles during arc interruption and iy is the arc current across the breaker poles. The various
voltage and current across the C.B. poles during transient can be defined as follows:

Restraining —» TRV
Voltage (high frequency)
/ Ve

Zero current instant
Vg (arc) !

AY
AY
’
Current /)\\._x’l

voltage ig (current in the arc)

Figure-7.2 :Phenomenon of circuit breaker transient

° Recovery voltage: The voltage appearing across the breaker poles when arc extinguishes is known
as recovery voltage.
* Prospective current: The current which would have flown if the breaker did not open is called
prospective current.
* Transient recovery voltage (TRV): The recovery voltage with occurs due to the transient occuring
(due to the formation of LC transient) across the breaker poles is known as transient recovery voltage
(TRV).
* Transient restriking voltage: The transient voltage appearing across the circuit breaker contacts at
current zero during arc period is called the “restriking voltage”.
This voltage restrikes the arc so that it persists for another half cycle. The two phenomena i.e. TRV and
prospective voltage tend to restrike the arc so that the breaker would then open at a later current zero when larger
pole separation has occured.

Derivation of Transient Restriking Voltage

. Leta t.hre(.a-phasg symmetrical short-circuit occurs on a generator with an intervening circuit breakér
having three-circuit opening poles, one in each phase as shown in Figure 7.3.
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Figure-7.3 : Three-phase short-circuiton a generatorand circuit breaking

Now, let us consider the per phase circuit of the short-circuit generator as shown in Figure 7.4 where oL

is the generator_ reaptance and 1/@C is the capacitive reactance of the stray generator capacitance. This is
equivalent to switching the generator voltage in the series LC circuit. |
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Figure-7.4:The equivalent circuit during transient
From Figure 7.4 we can write,

Generator emf, e = E_ coswt (1)

and short circuit current, j = En _90%) = Em o
i ol cos(mt —90°) = ~i sinwt (2

(Neglecting capacitance effect at power frequency i.e. 50 Hz)

1
Here, ©,= ﬁ >> = Natural frequency of oscillation (in kHz)

Letthe C.B.opensatt=0to interrupt the fault current. Also, assume that the po

. Let : toi wer frequency component
In the circuit remains constant at it’'s instantaneous value at t = 0. ' P

ie., oo = E,

Now, applying KVL in the circuit of Figure 7.4, we get

di 1 |
E uy=L=+—1{; '
mU(0 = Lo+ fiat (3)
Also, ) = AN
Y= [iat .(4)



. ey
or, i= C— ..{5)
Substituting the value of ‘i’ from equation (5) into equation (3), we get

..(6)

2
o8 ;TV +empy = Epuld

Solving the above differential equation, we get

(1—cos—t——} (t=0)

JLC

The restriking voltage is found to be of the wave shape as shown in Figure 7.2 of previous article i.e.

oscillating about a zero line which is the normal 50 Hz wave of recovery volitage.
The variation of the transient restriking voltage with time is shown in Figure 7.5.

emy = Em ...(Important equation) (7)

A @Ry

2Vt

0 t=mJiC

Figure-7.5 : Restriking voltage across breaker contacts

R % . = P =
NOTE ® Restriking voltage depends upon E,, whichisturnis a function of power factor of the -
system. For hi |

m The restriking voltage depends on the value of inductance and Capacitance upto the J}
point of fault location. i.e. lower the value of the inductance and capacitance, the

higher will be the natural frequency of oscillations and more severe will be the effect of
restriking voltage and vice-versa. '

For example:

ghly lagging system this voltage corresponds to the system peak voltage. i
|
j

*

1 ;
“For a short line fault®, L and C will be small, ®, = ——— will be more, as a result
' & LG i

restriking voltage will be more {using equation (7)}

. g 1 "
“For a long line fault” L and C will be high, @y = —7== will be small, as a result
g gn. o Tc

restriking voltage will be less [using equation (7)].
Therefore, in a view point of restriking voltage. a.short line fault is more severe th

long line fault. :
® The voltage at the instant of arc extinction is known as “ac

Active recovery voltage is given by e, = kE,, sing

(where, k=1 for 3-¢ grounded fault and k = 1.5 for 3-¢ isolated fault)

ana

tive recovery voltage™

Rate of Rise of Restriking Voltage
The rate of rise of restriking voltage is obtained by drawing a straight line through zero and t

the point of curve and is expressed in kV/us.

angential 0

Mathematically, rate of rise of restriking voltage is given by

RRRYV = derpy — Em sin t
) dat JLC JLC ~.(8)

Maximum value of RRRV:

, . U
RRRV is maximum if, Sin——— = 1 or t =~/
NIo) or 5 LC

Hence, RRRV_ = —E’—"—= 2nf E, =%n __]
max \/If ntm (where, f, = ‘2? and ®, = _—“rl_—c) ..{9)
Average RRRV:
The average RRRV = .Peak value of restrkking voltage ~ 2E,
Time taken to reach the peak value  nJLC ~(10)
L] s
Remember For restriking free operation of the circuit breaker, RRRYV should be less.
s For smallgr value of RRAV, the rate at which the dielectric strength between the
contacts is developed, the arc will be quenched, otherwise it will further restrike in
next half cycle.

7.6 Current Chopping

ower tWh(in a C.Bt.hinterrupts a low inductive current i.e. current to a shunt reactor or magnetizing current of a
ransformer, then current falls to zero before natural current zero. Thi i y
ieiinlbin . This phenomenon is called “current
- It !s clgar from Figure 7.6 (a), that the arc current gradually reduces with low arc voltage but at a certain
instant of time |'t sudd.enly becomes zero due to large de-ionizing force. Due to this sudden change in current, the
energy stored in the inductance of the circuit does not reduces to zero instantaneously and hence this energy is
transferred to the capacitance between the circuit breaker contacts.
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Figure-7.6: Current chopping phenomena




ircui i eake
Let '/’ be the arc current and L and C be the inductance of the circuit and capacitance between breaker

cts respectively then, - | '
one Mag?wetic energy lost by the inductor = Electrostatic energy gained by the capacitor

1,_1 2
i.e. ‘ ELI =3 cv
(Here, v = developed voltage between breaker poles)
V= i\/z (in voits) ...{Important result)
or, c

The voltage developed across the C.B. contacts due to the transfer of er?erg)il is knizv;:t ?:mg&o:gi:l::
voltage”. itis the maximum voitage upto which the capacitor can bg charged. This voltage o et
. he normal system voltage. Fortunately, the C.B. restrikes before Fhe voltage a o o
e o t because of de-ionisation still in action. The chopping action takes place until the curren
gr;?:grsn:ahsezzgr::d when the gap gets deionized completely then, no further restriking takes place [can also be

observed from Figure 7.6 (b)]. = —
NOTE: The insulation requirements for EHV lines is designed based on switching over voltages.

7.7 Resistance Switching of Circuit Breaker 3
During current chopping, a very high voltage (prospective voltage) appe.ars across _the .CIrC.UI o
ntacts which may cause a serious damage to it. To prevent this damage, resistance switching is us y
co

ircui inFi 7.7.
connecting a resistance across the circuit breaker contacts as shown in Figure

AAA
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Figure-7.7 : Resistance switching of circuit breaker

The resistor R connected across the breaker contacts: roCh
den onthe C.B.
j duces the RRRV and thus reduces the bur 1 . ' o ;
El)) :sures the damping of the high frequency restriking voltage transients during switching 0
1)

capacitive or inductive loads. ' .
(#id) heIT)s in distributing the transient recovery voltage more uniformly across all the contact gap

multi-break C.B. o .
Using Figure 7.7, the natural frequency of oscillations can be obtained as

1 /1 1

2n\LC 4R?C?
For finding the critical value of R for keeping RRRV within the rating of breaker, we have,

T [
=0 e L 1 _o o R—O.5\/_
f=0 e TG IR C

...(Critical value of resistance for resistance switching)

Ina 220 kV system, the line to ground capacitance is 0.02 KF and inductance .|
is 9 H. Find out the voltage appearing across the pole of a C.B., if an instantaneous magnetizing
current of 6 A is interrupted. Also find the value of resistance to be used across the contacts to

eliminate the restriking voltage.

Solution:

Given, series inductance, L=9H

Shunt capacitance, C=002x106F
Magnetizing current to be interrupted,

i=6A
Voltage appearing across the breaker poles
= Prospective voitage = v

L 9 .
= "\/- = 6,/\ =127.28 kV
C 0.02x1078

Also, resistance to be connected across the contacts to eliminate the restriking voltage is

c V0.02x10-

m In a power system lightening arresters are used to protect the electric;

equipment against
(a) power frequency of over-voltages.
(b) direct strokes of lightening.
(c) over-current due to lightening stroke.
(d) over voltages due to indirect lightening strokes.

Solution : (d)

|

The voltage that appears across the contacts after the circuit breaker is |

opened is called

(a) recovery voltage (b) arc voltage
(c) restriking voltage (d) surge voltage
Solution:(a)

The rms voltage that appears across the circuit breaker contacts after final arc interruption (or when
breaker opens) is called ‘recovery voltage”.

In a short circuit test on a 220 kV, three-phase circuit breaker with earthed |

neutral the following results were obtained:

Fault pf = 0.4: recovery voltage = 0.9 of full line value; the breaking current is symmetrical and
the restriking transient had a natural frequency of 18 kHz. Determine RRRV for (i) grounded
fault (i) ungrounded fault.

Solution:

Peak value of phase voltage is,

220
E= —x2=179.63kV
752




E,=09E=(09x 179.63) kV = 161.67 kV

1 1
Time taken to reach peak value = o = m

Recovery voltage,

=27.77 us

L 1. usi i i rticle]
i =X—= = —; using equation (7) of previous a
[Sincet=mn LC—nxmn nx21tf,, o gequa

({) For grounded fault, we have

i covery voltage = E__ = kE_ sind
Aevere i ° = 11: 161.g7 x 108 x sin[cos™ 0.4] (- k=1 for grounded fault)

= 148.17kV

The maximum value of restriking voltage
=2xE, =2x 148.17 = 296.34 kV

Maximum restriking voltage )
Time taken to reach the peak value

¢

RRRV = (

_ 296.34
27.77
(i) Forungrounded fault, we have

[ ery voltage, E,, = kE,,sing
Active recovery g “ = 1,5mx 148.7 (. k= 1.5 for ungrounded fault)

=10.67kV/us

= 222.25kV -
Maximum value of restriking voltage = 2 £, = 2 x 222.25 = 444.5 kV
2By _ 44450 kV/us = 16 kV/us
ARV = ic ~ 2177 *

A 50 Hz, three-phase synchronous generator has an inductance per Phase
of 1.75 mH and its neutral is grounded. It feeds a line through a circuit breaker. The total stray capacitance

to ground of the generator and circuit breaker is 0.0025 puF. A fault occurs. just be.yond the CIrIcui:
breaker, which opens when the symmetrical SC current is 7500 A (rms). Ignaring the first pole to clea

factor, determine the following:
() Natural frequency of oscillations
(ii) Peak value of transient restriking voltage -
(iii) Time at which peak value of transient .re.strlkmg voltage occurs
(iv) Maximum rate of rise of transient restriking voltage
(v) Time at which the maximum in part (iv) occurs

Solution: o
(i) Natural frequency of oscillation is

1 1

o= ondiC 2171.75x 10~ x0.0025 x 107
108
= ——=  ~76.1kHz
T 2rx2.092
(i) We have, E=IX =loL

= 7500 x 314 x 1.75 x 103 = 4.121 kV

or, En= V2E=\2x4121=5827KkV or 5828 KV |
Peak value of transient restriking voltage = 2 E,=2x5.827 = 11.655 kV
(#5) Time taken to reach the peak value of transient restriking voltage is

t, = m/LC = m1.75x10% x0.0025 % 10 = 6.57 s

E 5.827x10°
iv RRR = m =
™ (AR JLC  175%0.0025 x 102 |

= 2785 V/us or 2785.8 V/us !
= 2.785kV/us |

b
2

(v) Time taken to reach the maximum value of RRRV = g LC==+ = % us = 3.285 us

Example-7.6 Explain the terms: Restriking voltage, Rate of Rise of Restriking Voltage (RFIFIV).ﬁ

What is a low inductive current chopping problem in circuit breakers and how it is overcome to have |
smooth decay of restriking voltage?

Solution:

Refer to previous articles for complete explanations.,

7.8 Auto-reclosing of Circult Breakers

In power system, most of the faults are temporary in nature (cleared quickly). Upon occurrence of a
severe disturbance, say a short circuit, the power transfer between the machines is greatly reduced, causing the
machine rotor to swing relatively. The circuit breakers near the fault disconnect the unhealthy part of the system
so that power transfer can be partially restored, improving the chances of the system remaining stable. The
shorter the time to breaker operation, the higher is the probability of the system being stable. Therefore, practically
‘autoreclose breakers” are used which automatically close rapidly after each of the two sequential openings.

Maximum three number of attempts are made by the C.B. to clear a fault described by it's “duty cycle”
as follows:

o— 30 sec - co — 90 sec —~Cco— 3 min —co

Ct) . C‘i) gﬂ ....(Duty cycle of a CB)

(Here, O stands for open and C stands for closing of CB) ‘

If the fault still persists, the circuit breakers open and lock permanently till cleared manually. Since
majority of faults are temporary, the first reclosure will be successful and thus chances of system stability are
greatly enhanced by using “autoreclosing breakers”. :

7.9  Circuit Breaker Ratings

The rating of a circuit breaker depends upon the duties performed by it. Apart from normal working of
Circuit breakers, the circuit breaker is required to perform following 3 major duties under short circuit conditions.
() It must break the circuit and isolate the faulty section.
(#) It must make circuit in the greatest asymmetrical peak in current wave. :
(i) Itmust carry the fault current safely for a short-time while another circuit breaker is clearing the fault
(which is in series with it). ' '




According to the above mentioned duties there are “three ratings of CBs* as follows: .

i |
1. Breaking capacity |
2. Making capacity 5.!

3. Short time rating o . . "
When a fault occurs in power system, the current flowing in a synchronous maChmedl'rf?Tigf;%Zrafs;
currence of fault, that flowing a few cycle later and the steady state v.alue of the fault currer;t |n(?n consi beld;b_/
Zze to effect of the 'armature current on the flux. The fault current w.r.t. time has a shape as show g W,

|
Fault fi:urrent Iy |

Subtransient period

Stea;iy-state

=X

“ Transient
iRl ¥ s period

Plot of fault current Vs time

In above figure, -
Let x = ac component of short-circuit current wave

y = dc component of short-circuit current wave

i king current o h
Now, symmetrical breaking = rms value of ac component of short circuit current wave at the instant

of separation of contacts .
=X
A
i nts
Asymmetrical breaking current = rms value of the combined sum of ac and dc compone
2
x 2
&)

1. Breaking capacity of C.B.:

i i duct
= The breaking capacity of CB is generally expressed in terms of MVA and.ls equal to dtr:z pz)on .
of rated breaking current (in kA), rated voltage (in kV) and a factor which depen p

number of phases. (i.e. for single-phase 1 and for three-phase /3 ).

For a 3-9 C.B., the breaking capacity = (/3 x I x V) MVA = /3 x Ijeax X Viated

...(Important result)

Ieax = Breaking current (symmetrical/unsymmetrical)
rea
Fere, {V = Rated voltage

= Breaking capacity of CB is expressed in terms of rms value.

=

&

X

2. Making capacity: The making capacity of a circuit breaker i
wave (including dc component) in the first cycle of the current after the circuit is closed by the circuit
breaker. The maximum value of asymmetrical current = 2.55 x symmetrical current. Hence,
Making capacity of CB = 2.55 x (Symmetrical breaking capacity).

Making capacity of a CB is expressed in terms of peak value,

: 3. Short-time rating of CB: The short-

| the circuit breaker in its normal condition, for 3 seconds, (or for a specified duration),

il symmetrical breaking current to normal current is less than 40 or for 1 second otherwise.

s the peak value of the maximum current

time rating of a CB is the current that can be safely applied, with
if the ratio of

17.10 Air-Break €

magnetic field and arc runners, and is finally extinguished by arc splitters as shown in Figure 7.8.
Splitter Plates

~ Asper Indian standard, the breaking current <
 current (= x/v3) . G
o \A-'_s'_.pgr;.Amé'ri(:"ah standard. the 'b'rea_léi'hg'_céur(!: |

-'-_ - breaking current [:

:-.'-.-'Praéﬁcié"-Vf;_ fault in a system is cleared Wi-thi:nf-fl_ésé“- than five cycles of fault current ;'
i n

ircuit Breakers (ACB)

ACB:s are the indoor type circuit breakers and are installed on vertical panels or indoor drawo
switchgear. In DC circuits, these are used upto 12 kV and for mediu
400-2400 A and rupturing currents of 13-20 KA. In thi

msvalueﬁfsymmetncal b\reakin;

ms value of asymmetrical :

Normal current rating of CB: It is the rms '\)ahgq.é;’bﬁ th_e.c-urre;ni which the CB shall -

Pe able to carry continuously at s rated frequency under specified conditinns.

ut type
m and low voltage AC circuits upto 6.6 kV,
s type of C.B,, the arc is lengthered in the breaker by the

Main contacts

-

Flexible
conductor
(a) across hinge (b)

Figure-7.8: Air-break circuit breaker (a) Closed (b) Open



A il Circuit Breakers o
7 I(:oil CBs, oil is used to quench arc. The oil used is transfornr;er oil. I.Earhe?r;woﬂ cur;t;it?ggi:;irsdvtirz
used for quenching the arc. Now a days, minimum oil circuit breaker is used in whic efxrc :1 e et

| device filled with oil. Oil CBs are generally used upto 66 kV because for .lg e
;swr:\zl ;Z: (r):;rl(;ced by ABéB and SF, CBs. The oil CBs have been developed for the following voltage ratings:

3.6 kV, 7.2 kV, 12 kV, 36 kV, 72.5 kV, 145 kV, 245 kV

ini i ing the construction as shown in Figure 7.9.
only used minimum oil CB having t
A commeny Gases under pressure

Fixed contact

Oil movement Moving contact

Side vents

Oil
Outer chamber

-7.9 : Mini oil circuit breaker
Figure-7.9 : Minimum S

When the contacts of the CB separates during a fault, breaking current

then the heat of the arc causes the oilto decomposte into gases
which constitute various gases among which 70% is hydrogen.
The gases so formed causes the pressure inside the arc con?rol
device to rise and as a result, the arc is pushed across the side
vents, thereby somewhat elongating. As the contents.of breaker
move further apart lengthening the arc, it gets extinguished.
The time of final arc is a function of arc current in an OC? where
a smalller fauit current take longer time for breaking the circuit as
shown by the characteristic of Figure 7.10.

Arc duration (cycles)
NI~

—
"
u

Breaking current —

Figure-7.10 : Arc duration time in OCB

I 1 [ 1 i n:'.
R ber L Oil CBs are generally employed in unatténded substations.and rural distributio
emem

schemes so that to avoid the closing of the breaker manually every time It trips.

9 m Transformer oil used in OCBs has mainly two application namely to provide coollng‘

and insulation., . : E
[ In oil CBs, the strength of the deionizing force or volume of H, is adjusted according

i i tin
tothe seveﬁty of the fault current. Hence, current chopping phenomenon is leas H

these type of breakers. ,
= The volume of oil required for minimum oil CBs (MOCBSs) are only 10% of bulk @

circuit breakers (BOCBs) as oil in MOCBs are used for arc guenching only where ‘_
in BOCs it is used for insulating live parts.

Disadvantage of Oil Circuit Breakers
The main disadvantages are:
® There s fire hazards as oil used is inflammable.
® Thereis problem due to carbonization of live parts.
® Oilis hygroscopic, and must be sealed air tight in the camber.

® Dueto carbonization during arcing process the dielectric strength of oil is reduced.
® Oil have to be replaced at a regular interval of time.

7.12 Vaccum Circuit Breakers (VCBs)

In these type of CBs, vaccum is used as a dielectric medium. An arc can't presist for a longer time if the

vaccum is an ideal one. The separation of current carrying contacts causes the metal vapour to be released from the
contacts giving rise to electrons and positive metal ions

which fills the space intervening the contacts and
maintaining the arc. When the current decreases, then the
rate of release of metal vapour reduces. After the first current
zero, the metal vapour quickly disperses and the medium
regains its dielectric strength. The arc is thus extinguished
in just half a cycle. The contacts of breaker separates in a
very small time which is least among all circuit breaker
types. The arc time constant is the least (in us)in a vCB
compared to other breakers which makes it most preferable.
The rapid building up of dielectric strength after final arc
extinction (20 kV/us) is a unique feature of VCBs. -
Figure 7.11 shows the basic constructional . ; | | Sputter shield
features of a VCB. Here, the contacts are enclosed in a Bellous——Lt S e
sealed glass or ceramic bottle whose space is evacuated
toahigh degree of vaccum (10*torr). The moving contact 2"0‘:“';‘3 N
is attached to metal bellows, which permits the movement : = -
without loss of vaccum. The interrupters are sealed for fife S22 electrode; N-Moving elecirods; F; M-Arcing contacts;

E-Ceramic or Glass bottle; B-Bellows; T-Bellows shield
and have a maintenance free life of more than 20 years. Figure-7.11: Vaccum circuit breaker

Fixed contact
Z

— Ceramic
envelope

= Contact
=7 o tip

Remember The vaccum employed in VCBs is of the order of 10~ torr (1 torr = 1 mm of Hy).
ATz L Vaccum circuit breakers givea maintenance free operation and hence are used far
remote and rural electrification.
Multi-unit VCBs are generally employed at voltages upto 72.5 kV.
=  VCBsrequire small space than OCBs and are employed both for ndoors and outdoor
purposes. ; :
®  VCBsare used for interrupting high current and low voltages.
8 VBCsareideally suited for capacitor switching-restrike-free operation due to which
it 1s capable of chopping small currents. These are also used for reactor switching,

transformer and capacitor bank Switching (high voltage and fow current interruption
are required).

7.13 Air-Blast Circuit Breakers (ABCB)

In these type of circuit breakers, biast of air at high speeds are directed at the arc which cools it

effectively. The high speed air biast is produced by externally generated pressure (inside a pressure vessel), the
Pressure being of the order of 2-6 MN/m2.

——




The ABCB is designed to direct a jet of air derived from the
high pressure source to the contact space at the instant of contact
separation. One of the type of ABCB uses axial blast which uses a
hollow contact which is used for high power circuit breakers. Here,
cooling and extinguishing of arc takes place at the center of the arc.

Axial blast CB may cause current chopping to take place at
low current although it is more efficient. But, since the contact spacing
is small, voitage surges generated would be limited by restriking. For
the short break to withstand recovery voltage after final arc extinction,
a series isolating switch is provided, which opens automatically after
the arc is extinguished. A permanently pressurized air blast circuit
breaker is shown in Figure 7.12.

Here, the movement of contacts is controiled through a system
of mechanical linkages from an operating mechanism at the base of
the breaker and the contacts are held closed by a latch which is
released by the trip signal, so that the contacts are free to move either
mechanically or pneumatically or by a combination.

Interrupter

Arr
receiver

Iinterrupter

Figure-7.12: Permanently pressurized ABCB

| e ————]
Remember

[ |
voltage.

@ For each interrupter a capacitor is connected in parall
(equalizing voltages across the series interrupters).

s  Advantages of ABCBs:
= No risk of explosion and fire hazard.

interrupters are used In series).

= It can be used for high speed and repeated duty of operation (because

a  For EHV ABCBs. interrupters are used in serles (in a modern 275 kV ABCB, four_’j‘,

On every interrupter a parallel resistor is mounted to limit the rate of rise of recbf/ery

el with it for voltage gradingi

compressed air Is supplied fresh at each operatibn).

= Due to less arc energy buring of contacts is less compared to OCB.

= Itrequire less maintenance.
= It provides facility of high speed reclosure.
s Disadvantages of ABCBs:
Compressor plant is required for compressed air.
It is very sensitive to restriking voltage.

1
4

g

S VAT S.

|

LN

III : a heavy chemically inert non-toxic non-inflammable gas.
- as a very high du?lectric strength (two to three times better than of air)
ue to the excellent insulating properties of SF .

Its heat transfer property is about 1.6 times of

Due to the small thermal time constant of SF
that of air, - °

Due to it's electronegatively proberty, its mole

s 988, reduced electrical clearances are required.
that of air owing to it's high density.

~itcan be stored at a relatively smaller pressure than

. cules rapidi ;
forming heavy slow moving negative ions, which pidly absorb free electrons in the arc path

are nneffectnvg as current carries. Due to this reason At anstor Moving contact
ithas a superior arc quenching ability. fingers orifice
* lts arc time constant is in few us. 3 Gas flow

. .In thes.e type of CBs, the gas biast speeds need not
e as high as in ABCB. Here, the gas is hermetically sealed

T N

inside the breaker body at a pressure of about 3 atm. Using a

—

There is possibility of leakage of air at the fittings of the pipe line.

High air noise occurs which makes it unsuitable for urban areas.
The air blast circuit breakers uses compressed air at a pressure of around 30 kg/cm
for arc extinction. 1
Application of ABCBs: ABCBs are used for EHV and UHV applications (upto 400 kv).

=

=

= More severe current chopping occurs in these type of breakers.
= .
=> .'.

2.

7.14 SF_Circuit Breakers
Sulphur Hexa Fluoride (SFg) gas has the following properties which makes it superior to other mediums
such as oil and air for use in circuit breakers.

a . » . ¥
:ufferdmechanlsm . high pressure is obtained which is _7$
Ir:i quurI(;e7 1:f30r generat'ng'the gas blast of sufficient speed. d interrupter -/ S Fixe;?ﬁact
gure 7.13 shows the basic construction of a SF circuit breaker. chamber curent currying
. @ fingers
Filter
External high
pressure reservoir
Heater.
Service
connection
| /— Relief valve
Fllter\
Compressor
LPAI
LP Alarml}g - H P Alarm
—L P Lock out
H P System L P System
@ L— Low
alarm

®)
Figure-7.13 1SF ;Circuit breaker



. ich are as follows: For a short line fault without switching resistor, the most suitable circuit_-'
There are two basic parts of a SF circuit breakers which are : breaker 5

. . ; i
The interrupter: It consists of two contacts one fixed and another movang. These c?n\;;::;i ?h:
surrounded by interrupting nozzles and a blast shield to control the arc dlspl.acemer;3 . TS
moving contact is withdrawn, an arc is drawn between the nozzles and arcing probe,

quenched by-the gas flow from the high pressure to the low pressure system.

(a) Minimum oil circuit breaker (b) SF; circuit breaker
(c) Air blast circuit breaker (d) None of the above

Solution: (b)

1.

' compressor to maintain the required Ina S'_:s circuit breaker, the SFy gas is used at onv velocity ang low pressure due to which current |
 oreamura o hoator barkod wih a Horootat tet 8 16° 0 liquidification of gas chopping is prevented and capacitive currents are Interrupted without restriking. Due to these reasons i
ressure and a heater backed with a thermostat set at 16°C to prevent the liqui ! o SWItCHIng reaistar e oaaiive cutens ao nlerupiegwinou rosikin Dietoneseasors
a e, the closed gas cycle system is used as shown in Figure 7.13 (b). switching resistors. |

ere,
\Example=-7.11 In air blast circui Rt -]
Advantages of 3, e xampie air blast circuit breaker for arc extinction |

Iseless operation (a) an internal source of energy is required
° |t gives a noiseles .

) . |
®  Current chopping is minimum in SF¢ breakers. , (b) an external source of onergy I8 ranuires |

SF has very high dielectric strength due to which electrical clearances are very much reduced. (c) no any source of energy is required
sgashasv

it d) none of these
e |ts performance is independent of ambient conditions. (d)

\ ; i Iting into less erosion of Solution : (b) |
ing time i tstanding arc quenching properties resu . _ . |
* Duetosmallarcing time it has an ou 9 Inan ABCB, high speed air blast is used for arc extinction which is produced by externally generated |
contact. locity and pressure employed in SFg CBs, current chopping is prevented and pressure (inside a vessel) i.e. an external source of energy is required for arc extinction. :
® Due to low gas velocity an . >~ ' |
capacitive currents are interrupted without restriking. M Which of the following properties are associated with SF, circuit breakers? |
*  Noinsulation tracking takes place. d problems 1. At atmospheric pressure its dielectric strength is 2 to 3 times of air. !
® These CBs are non-inflammable and hence no fire-hazard p oy h;al s in continous cooling of the 2. Its arc time is fow us. |
* It's heat capacity below 6000°K is much larger than that of air and help 3. lts molecules absorbs free electrons in the air path. '
arc zone. 4. Its heat capacity below 6000°K is much larger than that of air. :
(a) 1and 3 (b) 2and 3 |
Applications of SF Circuit Breakers V o 765 KV and 20-60 kA rupturing (c) 3and 4 (d) all of the above |
SF, circuit breakers are widely used in a voltage range of 6.6 kV to Solution: (d) |
capacity. These CBs are becoming more popular day-by-day. Refer to the various properties of SF, CBs explained in previous article. |
: interrupted is low with : —
Example-7.7 The circuit breaker preferred when the current to be | P The capacitor switching is easily done with |
, - ’ iIC.B. (b) ABCB
igh voltage arcs is . Ui (a) Oi
" (a? oil circuit breaker (b) air break cir °L."tbbr2i:r (c) Vaceum C.B. (d) None of these
(c) minimum oil circuit breaker (d) vaccum circuit bre Solution: (c)
Solution :(d) high and current to be interrupted is low, VCBs are used. Examb'l_e::,7:__14 SFg gas has excellent heat transfer properties because of it's ]
When voitages are hig - (a) High molecular weight (b) Low gaseous viscosity
Example-7.8 To minimize the current chopping tendency, the SF; gas is usr: (c) A combination of (a) and (b) (d) None of these
(a) high velocity and low pressure (b) :og vellocn.ttyy ar':c; Ir?i\ghp:)erz:ure Solution:(c)
a
. : nd hiah pressure (d) low veloci ——
(c) high velocity a ghp The chances of interruption in subsequent current zeros.
Solution : (b) e l;;‘ (a) Increases in case of ABCB but decreases in OCB.
- : Fg breakers and write do (b) Decreases in case of ABCB but increases in OCB
: cuss the various advantages of a SF, : :
fxampleg.d Dis (c) Decreases in both the cases.
applications. (d) Increases in both the cases. ,
Solution: . _ Solution:(b) I'
Refer to previous articles for explanation. — Itis because current chopping is more severe in case of ABCB.




Explain the principle of operation of vaccum circuit breakers with neat figures
and list advantages.

Solution: .
Please refer to previous articles for complete solution.

7.15 Protective Relays

Whenever an abnormal condition occurs in an electrical power system, some action is re;qt:r:zdkt; I:glf::
i i i ases
ition i fter a predetermined time delay (in some ¢ ; ;
the abnormal condition instantaneously or a time s it For N
i i i i ided by the fuse is limited to low voltag .
remainder in normal service. The protection provi . . - it aoours o il
ioni ided using protective relay. When a
voltages from 33 kV and above, the protection is prov ] ! e
opergtes to complete the trip coil circuit which resulits in the opening of the CB and therefore, fauity section is
isolated from the rest of the system. |
i tive relays/gear are as foliows:
me of the important features of a good protec . . ‘
?O SelectivityF')The property of discrimination is an absolute requirement of a prc?tectlve ge?hr |.eéthe
. protective system must select correctly the faulty part of the system and disconnect the same
without disturbing the rest part of the system.

2. Sensitivity: The protective system must be able to operate even for a low value of fault current i.e.
[ id be as sensitive as possible. | .

3 Irtl:I?::Ility: The protective system must operate definitely under p.rede.termlned c?ondmon. o

4. Quickness: The protective system must be capable to respond qglgkly in order. to improve quality
service, increase safety of life and equipment and increase stability of opera't|on. ...

5. Non-interference with future extension: The initial installgtion qf the protectlve §¥st<almnse ou
such that future extension can be carried out if required without interfering the original one.

Types of Protection

There are mainly two types of protection provided for an equipment to be protected. They are:

1. Primary protection: it is the first line of defence and ensures quick aotirmg and' selective clsarlngoo;
. faults within the boundary of the circuit section or element it protects. It is provided for each sec
of an electrical installation. | . .

2. Back-up protection: It is the second line of defence which function to isolate a fauity section of the
system in case the main protection fails to
function properly. Back-up protectlgn is
required because sometimes the associated
CTs, PTs and circuit breakers of the protective
scheme may fail to operate. It can be
provided either on the same circuit breakers
which wouid be normally opened by the mf':lln
protection or by a second line of protection
making use of different circuit breakers.

, ) . ¢ |
Figure the Figure 7.14 shown below, if a faul . . ' -
oc?curs at Fthen, the circuit breaker at D operates (for primary protection) and |f anyho;v C'|I|313D(3|ate
to operate then, the circuit breaker at C will operate (providing back-up protection) and wi
the faulty section.

Figure-7.14 : Primary and Back-up protection scheme

e —

Protective Relays

The relay in power system protection ensure

s the safely of the circuit equipment from any damage which
might be otherwise caused by the fault.

All the relays have three main fundamental elements as shown in Figure 7.15.

To trip or
signal circuit

Relay
T T T e e e ]
I: 1
L’ Sensing Comparison

element element element

Figure-7.15 : Basic elements ofa relay
(i)  Sensing element: Itis also called measuring element which responds to the change in the actuating
quality. For example current in a protected system in case of over current relay.
(i) Comparing element: It compares the actuating quantity (i.e. current) with a pre-determined relay
setting.

(#%) Control element: On pick-up of the relay, control element accomplishes a sudden change in the
control quantity such as closing of the protective current circuit.

7.15.1 Definitions of Operation

Most of the relays are restrained b
de-energized. At this position if the stat
contact and if it is open it is said to be
relay are as follows:

Y spring sothat they are at a pre-determined position when completely
us of the contact is closed, then it is said “Normally closed” (NC)
°NO” (Normally open) contact. Some terms related to the operation of

1. Pick-up value: The smallest value of the operating or actuating quantity for which the relay is at the
verge of operation is called ‘pick-up”value of the relay.

2 Reset value: The largest value of the operating or actuating Quantity for which the relay is at the
verge of non-operation is called “reset value” of the relay.

3. Operating time:

The time taken by the relay to operate the contacts is called the “operating time”
of the relay.

7.15.2 Classification of Relay

The relays can be classified in different ways as follows:
1. According to the time of operation:
(i) Instantaneous relay: The operation of rela
(generally t<0.1 sec).
(#) Definite minimum time relay (DMT): The time of operation is fixed for these relays.
(#i) Inverse time lag relay: Time of operation is inversely proportional to the magnitude of the
current or other operating quantity. .
(iv) Inverse definite minimum time lag relay (IDMT): The time of operation is approximately

inversely proportional to the smaller values of current or other qQuantity causing operation and
tends to be a definite minimum time as the value increases without limit,

y takes place after a very short duration of time




2. According to construction and principle of operation:

(i) Attracted armature type:
(a) Attracted armature type: In this type of relay operation depends on the movement of an

armature under the influence of attractive force due to magnetic field set up by current

flowing through the relay winding.
(b) Solenoid type relay: Operation of relay depends on the movement of an iron plunger

core along the axis of a solenoid.
(i) Electro-magnetic induction type: In this type of relay operation depends on the movement
of a metallic disc or cylinder free to rotate by the inter-action of induced eddy currents and the

alternating magnetic field.
(iii) Electro-dynamic type relay

(i») Moving coil type relay
(») Thermal type relay: The movement depends upon the action of heat produced by the current

flowing through the element of the relay.

3. According to the applications:
(i) OQver voltage or over current relay or over power relay

(i) Under voltage or under current relay or under power relay

(#ii) Directional or reverse current relay

(iv) Directional or reverse power relay

(v) Differential relay

(vi) Distance relay

Gas operated Buchholz relay: It is used for the protection of oil immerged transformer from incipient

fault or internal fault.
Microprocessor based relay/Static relay: Static relays are capable of performing the same functions

with the use of electronic circuit control which an electro-magnetic relay performs with the use of

moving parts or elements.

7.16 Induction Type Over Current Relay

The general relay equation from which the operation of over-current relay (aI.SO directional and distance
relay) can be predicted is given by
Q= k|12 +ky|V |2 +k3| V] I|coS(0-7) -k, (1)

where, | I] = absolute value of current sample fed to relay

| V] = absolute value of voltage sample fed to relay
0 = phase angle between Vand I
T = an adjustable parameter

ky: K5 Ki, k, = scalar constants
An over current relay operates if, the current through the relay satisfy the equation

Q= k|1f -ks>0 (ky = ks = 0)

or, ]1|>\/E=|1p| or |I|>]1,]
ki

Hence, If |1|>|I,]....... relay will trip CB
if 1< [ 1, l ....... relay does't trip CB
Figure 7.16 shows a basic construction of an over current relay.

(|1p | = pick-up value of relay)

Primary winding

e e e e
__________

Trip circuit

|« — Upper
/ Electro-Magnet

Aluminium Disc

2l

1
]
1
]
1
t
1
]
]
1
|
1
'
|
1
'
|
1
|
i
A U 1
|
i
|
]
i
1
]
1
|
i
!
'
1
]
i
'
)
1

&
q - P |ehlc;vctt?':)-magnet

1

w ;' Plug bridge

_______

Figure-7.16:Aninduction typeover current relay

Characteristic Curve

The current-time characteristi i 1
. c ofaninduction type over curr ' -
ives a relati ) h entrelay is shown in Fi Thi
g relation between Plug Setting Multiplier (P.S.M.) along x-axis and operating time alg:;eyza' 1xi73' niscunve
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Figure-7.17 : Current-time characteristic of an induction relay




The various parameters relating to the characteristic are defined as follows:

Plug Setting (PS): The value of pick-up current can be adjusted by altering the constant k, by means of
“Plug Setting” (PS) also known as “tap setting”. The plug setting current (pick-up current)is expressed
as % of relays current rating (5 Aor 1 A).

Plug setting multiplier (PSM):

e  Plug setting multiplier is the ratio of fault current to the relay operating current.

e ltis defined as the number of times the relay current is in excess of current setting.
e  Corresponding to the PSM value, the operating time is determined from the current-time characteristic

of the relay.

Mathematically,
Relay operating current = (Current setting x CT secondary rated current) (w.r.t. secondary of CT)

or
Relay operating current = (Current setting x CT ratio x CT secondary rated current) (w.r.t. primary of CT)
The minimum condition for the relay to operate is
Fault current (I) > rated current
Now, plug setting multiplier is given by

Fault current (Z;) ) _ ( I ) (CS = current selting)
CS x(

PSM = (Relay operating current CT secondary rated current) x CT ratio

Time-multiplier setting (TMS): The operating time of an IDMTL (inverse definite minimum time lag)
relay is adjusted by using time multiplier setting (TMS).

. tequired
Mathematically, [TMS required = [.__t’:;:":)]

NOTE = Fromthe above equation of PSM. it IS clear that higher the fault cirrent, higher will be
PSM and lower the operating time of the relay. %

» The TMS of the primary relay is always less than the b'ack-up relay whéreas the PSM"I.
of primary relay should be greater than the PSM of back-up relay. : 1
m The various current settings practically used for an induction type over current rélay |

are shown below. i

200% 125%(100% 100% 40%)20%

- . FRLE AN J :
N N ' |

Over current Earth fauit - |

sefting setting : !

{Current setting for an over current relay) =

7.16.1 Over Current Protection of Radial Feeder

In radial system number of feeders are connected in series as shown in Figure 7.18. When providing the
over current protection for radial feeder when fault occurs then, it is desired that smallest possible part of the
system should be off and the remaining part should be healthy. If the interruptions are less then, reliability will be

more. This is achieved by the following three methods.

1.

2. Currentgraded method: In this method the relay

7.16.2 Induction Type Directional Over-current Relay

An induction type directional over-
relay element is made as sensitive as pos

GS SS, SS, SS, SS,
CB , !
= A CB, CB, CB, CB;
F
OcC, (o]0} oG, ocC, ocC;
2 sec. 1.5 sec. 1.0sec. 0.5 sec. Instantaneous

Figure-7.18 :Radial Feeder

The disadvantage of this method is that minimum f

_ ault current is cleared in mini i
maximum fault current is cleared in maximum time. i fme and

to maximum value and this value decreases as

= The disadvantage of this method is th '
/e at maximum four sections can be in thi
current setting can be only 125%, 150%, 175% and 200%. Tedeintis metodas
Time-currgnt graded method:
In this method, for the relay farthest from the source mini

mum TMS and cur, ingi
one approaches towards the source these settings grad USSR Seetand as

ually increases.

c.urrent relay provides directional features to the relay. The directional
sible to ensure positive operation.

The directional over-current relay operates only when

(@)

the directional over-current is in reverse direction

(i) currentin the reverse direction exceeds the pre-set value and

(iii) excessive current (greater than
In a directional relay,

For

or,
and

pre-set value) persists for duration longer than its time setting

Q= k3|V||1|cos(0-1)-k,

(using previous standard e uatio i
small value of k,, the relay will operate if uation and setting k, = k, = 0)

| Q= k3|V||I|cos(6-1)>0
!f cos(6 - 1) > 0, relay trips CB
if cos(8 -1) <0, relay prevents CB to trip



p g y p g . . p e

on the protected zone and that outside it.

Zero Q-line

(6 —1=90)

Max Q-line

Figure-7.19 : Operating characteristic of a directional relay

Block | > Trip Trip «— | — Block

0) @

By, Ba1

Ry2 Rt

Figure-7.20: Applications of directional relay

i ities as follows:

The relay characteristic for Figure 7.19 can also be expressed by the inequalities

if Bpgy < O < Oy, relay trip CB

[ k CB

if@_,, <0< 8,,, relay bloc ' ' oores ol
a’.‘d tional over cur"r‘:nt relaysmare used for the over current protgctnon of p?;;etllelrg?:jﬁ(o oeder )been

tecti [:rsf ril:g main feeders, since fault current can flow in either direction. These two p
protectio - .

covered in detail as follows.

7.16.3 Over-current Protection of Parallel Feeders e
Special means are used for the protection of paraliel

i lel - %
in Fi 21. For the protection of paral o
feeders as shown in Figure 7. _ : . i
feeders, if a fault occurs in one feeder, then the prgtectlve devn::}e @__ 5 ;;1 Ri | —__l
must select and isolate the defective feeder while the heal:hy By LS ,:—’_"-“ Wy
feeder must be available to supply power to the Ioaq. For | e; F“de:—>2 j -
Figure 7.21 shown below two feeders are connected in paralle i

to increase the transmission capacity. The feeders are fed from

Figure-7.21 : Over-current protection of parallel feeders
only one end while at the other end load is connected.

8mong R,, R, and

Teset.

When afault occurs ata feeder (Say 2), the fault curr
If can be seen that a

» Whereas the direction of the current in t
feeder is reversed. Therefore, for proper coordination the relays near the source-
whereas relays near the load-end are directional relays. The direction of the current
will operate is indicated by the corresponding arrows heads. As soon as the fau
directional relay in feeder-2 will operate first; thereby the current in feeder-
some time the non-directional relay in feeder-2 will Operate, thereby isola

7.16.4 Over-current Protection of Ring-main Feeder

end are non-directional relays
for which the directional relays
It takes place in feeder-2, the
1 corresponds to load current and after
ting feeder-2 from the source.

/ R
(t=15ms) =

(t=15ms)
Figure-7.22:Overcurren tprotection of ring-main feeder with five sections fed atone end

Relay A, and R, near to the source are non-directional over-
Re: Ry, Rs and Ry are directional over-current relays.

Let a fault occurs at F as shown in fi
spread as shown below,.

current relays and relays R,, R, Ry R,

gure above. Now, the ring can be opened at bus (1) and is

|R1 lRa Rs 'R7 ,Rg
(--}‘,x ,x lx ,x |>' — @
@ @ ©) @ ®

Here, relay Ay which is farthest from the sSource require minimum time (t= 5 ms) to operate. Relay R,

which is nearest to the source takes maximum time (t= 25 ms) to operate. ;

Now, for the fault at point Findicated in figure, the relays R, Ra, Rs, Ry, R, and R, will start moving. As
R, relay A; has minimum time set (15 ms) therefore, it will operate first. Also, among relays R,

and A, relay R has minimum time (t= 15 ms) therefore, relay R, will operate first and the relays R, and R, will




e e .
i i i OteCted.

7.16.5 Over-current Protection of Generators

p p ty . e.
g ’

i LG or LLG fault)
1. Protection from earth faults (
2. Protection from phase faults (LL faults or three-phase fault)

ion from unbalanced faults. . _ <ve and oo cart
I:z- tr:,;oczzfr:zete over-current protection of generator, we require two over: current_ relay
or

fault relay as shown in Figure 7.23.

I
) &—on
@
R
L=, +1g+1)
I,
¢ 0B
R,

Ground (G)
Figure-7.23 : Over-current protection of generator .
i the relay fo
R, and R, are over-current relays and R, is an earth fault relay. The operation of y
Here, R, and R, -eur "
different faults mentioned above are listed in the table below.

Type of fault ‘Relay which operates
R, and R
Double lineto | ABG R1 = R3
ground fault | BCG , and R,
(LLG) ACG R, R,and R,
R
Line-to-line AB R1
fault (LL fault) BC A
CA R,and R,
R, and R
Line-to-ground | A 1 2 3
fault B b
(LG ground) c R,and R,
Three-phase | 3-¢ fault R,and R,
fault
Severe-unbalanced R,
condition sy

Table-7.1: Over-current protection of generator for different type of faults

-

7.17 Protection Against Inter-turn Faults on Stator Wind

Inter-turn protection is employed for multi-turn large hydro-electric
generators since the coil of modern large steam-turbine génerators are usually
single turn and hence don’trequire turn-to-turn protection.

In this scheme of protection, the circuit is divided into two equal paralle|

ing of Generator

o »the currents in
the secondaries of two CTs will be equal and therefore, no current will flow

through the operating coil of the relay. When a short-circuit fault between adjacent
turns, say of stator winding S, develops, the current flowing through the stator S

Figure-7.24: Protection of alternator
frominter-turn fault

. protection provide protection against earth
fault on the delta or unearthed star-connected windings of power transformers.

The output of CTs is proportional to the sum of zero Seéquence currents in the line and the neutral earth
connection. For internal faults, the sum of zero sequence currents is equal to twice the total fauit current.

quence currents are either absent or Sum to zero in the line and neutra] earth

connection.
Generato.r/T fansfonner CTs
winding sy Ig
F—J v I_,
0 Iy
| IV —
0 X
IV T
] L
Neutral gb < =
CT >

The stabilizin

g resistor is connected in series with the relay to avoid magnetizing inrush current and aiso
Saturation of CT core.




Since, Operating time Corresponding to a PSM of 13.5is 2.8,

| < actual operating time of relay R, (tg,) =0.15x 28 = 0.42 second.
Generator/Winding Iy i ) : ' !
— T { Also, on 132 kv side, the fault current is
I = 2700x-33 _ 675
o0 132
‘ | i Yw Ip *fault current in relay Ryis  Ip, = 6:251 =6.75A
b E T I I
! PSM for this current = o2 _ e —2
@ ca Relay Operating current ~ CS x relay rated current
' 6.75
4’_ E , = W = 675
—x1
R, 100

I, = Pick up current of relay x CT ratio
O .
R, = Neutral resistance

Also, TMS for relay R, = L .02 =0.25 '
v on = Phase voltage 42 .I
. IR, entage of unprotected winding of generator) Example-7.18 If the fault current is 2000 amps, the relay setting 50% ang the CT ratio is |
%Uy = Vo -..(Perc 400/5, then the plug setting multiplier will be .
- r .
[ %Ry =100-%Uy, | ...(Percentage of protected winding of generator) | a ((:)) :(5) :zg: ((g)) r11(5)naem‘;;st ose |
o Fy = - /0 i . N T = . y I|
. ; = nt of relay. b Solution : (d) '
- : iven then take I, = pick up curre . :
NOTE: if CT ratio is not giv fault current level at 33 kV side is 2700 A; CT Relay operating current = S x CT secondary rated current x CT ratio |‘
: shown below, fau lu .I
T . d <l |
io at 33 kV sideis 200: 1 an . |
l’att't?na determine the operating time for both th.e 1KY 13283 KRV .. e Fault current, 1, = 2000 A '
oy i rading margin of 0.6 second is ) ) L . JA 2000
relays when time g _ Given . PSM = Oparaing curentaras | = S |=10
given and TMS for relay R, is 0.15. ( ' = R Fon Operating current of re ay 00
- 5is 2 F=
o onding to PSM of 13.
operating time corresp

is 4.2
2.8 seconds and that for PSM of 6.75 is 4

]
e time of operation of a relay for unity TMS is 10 seconds, the time of
tively) Operation for 0.5 TMS will be '
seconds respectively). (a) 20 secs (b) 5 secs
Solution: v A, is (c) 10 secs (d) None of the above
i a
Here, fault current in relay R, 27001 : Solution : (b)
T = =500~ 1324 t
t We know that, (TMS), ey = —r22ured.
Now Relay operating current = CS x relay rated curren required trvs - 1
' 100 :
—x1=1A
- 100)(1 1 M -k or t2=(TM82)xt1=1Ox%=Sseconds
I 185 _a¢ (As CS of R, = 100%) (TMS), ~ ¢, TMS, 1
Ry = .
PSM

= - 7100 Hence, required time of operation = 5 secongs.
" Relay operating current (‘1% x1)




For protection of parallel feeders fed from one end the relays required are: |

(a) Non-directional relays at the source end and directional relays at the load end.

(b) Non-directional relays at both ends.

(c) Directional relays at both the ends.
(d) Directional relays at the source end and non-directional at the load-end.

Solution:(d)

A 13.8 kV, 125 MVA, star-connected alternator has a synchronous reactance
of 1.4 pu per phase and a negligible resistance. It is protected by a Merz-price balanced current
system which operates when out of balance current exceeds 10% of the full-load current. If the neutral
point is earthed through a resistance of 2Q, determine what proportion of winding is protected against

earth fault.

Solution:
T
Y B
Let x% of the winding be unprotected.
3
Voltage per phase is, V= -13'—?/’%3 —7.967 KV

6
MVA _ 125x10° _ [ oopn

Full load current is, I= = =
J3V,  /3x13800

7.969x10°

5530 x1.4=2133Q

v
Reactance per phase is, X= (—-51) x (reactance pu) =

Emf induced in unprotected winding = 7967 x % =79.67x volts

Earth fault current caused by unprotected winding = I x % =5230x% %O% =523A

emfinduced _ 79.67x
Earth fault current 523

Q=0.1523x Q

Earth impedance =

x X
Reactance of unprotected winding = f—%(;—“’m = % x2.133 =0.02133x Q

Earth resistance is, R=2Q

Since (Earthim pedance) = h .n + h n
rthi N/
_ ) (Earth resista ce) (Earth reacta ce)?
0.1523x = J2 + 0.02133x)2 or x= 3.26
Percentage of prot ndin =( . —( o )_—2 7r4 °
otected winding = (100 — 1
3.26)% = 86.74%

7.19 Differential Protection

Cted over-current relay.
nly for a internaj fault.

A differentia) relay operates o

Let us consider the Figure 7.25

which i i
generator Is used for the differential protection of the phase windi
Inding of a

Protected
element

I, Gen phase winding

I y

that (7, = 1,) = 0 ang hence, differ
Also, if a fault occursont

de the protected g

el nOte?peenrt a(ttzsrc.)ugh fault), the current/; becomes equal to 1,50
he generator winding, then |
L-I,=1

protect the element when

klh-1| = Kg,|> 12|
(where, k = Current transformation ratio of

and the relay Operates to

- the two CTs)
NOTE Practi
cally, no tw ;
— o S dlffer‘er?t ?:Sa zf: exactly identical. Their CT ratigg may be same b
é CT socors A ition to this, ratio error-ang phase fault e ayanons
ary currents for the same primar§ current Sl Rindiices diferent

3 1 # k, and the r :
generator windings (i.e. 1,2 =1,). oy Operates.a,ve '

To prevent this problem. the di i
and the schemeg employing thi




7.19.1 Percentage Differential Protection

g ent,

voltage, frequency, radio signal etc.
i i d through fault.
e tside the protection zone of the unit protection relay is calle
The fault outsi
Relay should not operate for the through fault.

i ifferential Relay if there is no fault.
Dificilties of the ordl::rydli:‘ferential relay operate for the through faults or even|
In some case, the

Reason-1: s core
ration of CTs core. o7
;. ?)?f';:rent ratio and phase angle error for the CT, and CT,

Example:
; | ach| & CTzA ir=ii—i; | Remark
MA| 100/
0 1001 1—1=0 = Block
;OO 2 2_-2=0 < Block
4 |[2)Core |4-2=2 =1 Trip
400 }sattl;- 6_2=4 < Trip
600 | 6 |2)m
Np _ Ly
n=—=
Ideal: N, L
N _hL T
22 _ I .
Practically, Ny I, I
V1

6 = Phase angle error

ﬂux7(¢)

12 ] V2 |
rror @
rs in the CTs. These e
load component of current I, ratio and phase an%!]e ersr;r g:lzt:
p i rthrou .
tl?ue0$ rz;(r:d CT, then there relay operate without faults or fo
differentin CT,

f h ch
. o ill operate. | t

. X ' i ngly clonnected on the one side of relay then the relay will op

If the pilot wire is wro h f h h f bol

4. Different length and regi

Percentage Differential Relay

®  The most extensively used form of

relay as shown in Figure 7.26. This
induced in both CTs flows. The

System consists of an additio
restraining coil is divided into tw

Protected element
I Gen phase winding '
], L

stance of the pilot wire:
If the pilot wire having different |e

Zerosothati,#0and the relay will
resistor is connected in series to
between the relay coil terminals j
connected in parallel to the relay coil.

Operate. For Ccompensating this e
the pilot wire which has low resi
$ equal to zero. Hence, in

Transformer CT,

Lves

—— Load

differential relay is the percentage differential or biased beam

nal restraining coil in which current
0 half halves.

0ss the relay coil is not equal to
ffecta stabilizing or compensating
stance so that voltage difference
= 0. Stabilizing resistor is considered as




ining coi
i —1i i rque and the restraining coi
The differential current in the operating coil (OC) = (i, - i,) o. operating torq
° e

rrenta | A ’2) o restraining torque.
o 2 ip circuit contacts, while the torque dueto
due to restraining coil prevents the closing of trip CII’C?UI c' 2 er,ates oo for on o
et uIet nds to close the trip circuit contacts. Hence, this relay op
operating coil te

fault. | T
The operating characteristic of such a relay is shown in Figur

o +ve torque Operating
L region characteristic
—ve torque
region
i+
2

. ial rel
Figure-7.27 : Operating characteristic of a percentage differential relay

; ' ting
- i termine for a given opera

isti inFigure 7.27 isto de : 0 of the
ing the characteristic shown : eration. The ratio o '
e The p;;:pos:;f; cc:;ar\;vstrgaining force for which the relay is at trtmel: vefris:do; ::)C entage which is termed!
force the v training currentis a b

; i ing current to the average res : i iven by |

d|fferent|altoper;:;f;)ﬁ;ia c:)r bias of a percentage differential relay mathematically g '

as percentage +

i i
. —i) |
% slope = f_;_xmo

2 |

i ial Relays
7.19.2 Protection of Stator Winding by Percentage Differentia y:

i i to
(Merz-pﬂce e Siysr:::1 f)orm of protection used for stator winding faults S??gtiisg ?h,:\iz or
This method is the most‘COL::: Generally, differential protection is usgd for generar:o\r:sot ho anangeril
phase or phase to ground Shor'[t-' C:rcrotéction for 10 MVA and above. Figure given below s p :)nachine respectivel):
above and perce:taiedcijflf?;i;allar;ay for a star-connected machine and a delta-connecte
of CTs and percentag

Alternator Operating
Coils <&
@ CTs —WW ~= Differential
o G l | aaaa <& relay
Yvy P 2
- I
N e
CTs — CTs £8: —wW-3
(o]
$ $388
: > : > >0 %
4 8 CTs
"" "

N

vy

A

v
S——
Restraining coils

Percentagediﬁerentialrelayforstarconnectedmachine

When there is no internal fault

the current in the two corresponding s
flow through the relays. If fault in the
currents at the two ends of the stator
secondaries flows through the relay w

Alternator

Percentage diﬁemnrlalrelayfordelta connected machine
ends of each winding will be equal and therefore,

equal, as the CTs are identical, and no current will
stator winding occurs

(due to phase to phase or phase to ground), the
windings become different so that the difference current in the two CT's
hich closes the trip cir

cuit and isolate the alternator from the system.
7.19.3 Differential Protection of Transformers

. the current at both the
econdaries will also be

rmer is used to protect it from phase
fault. The principle of this protection is based on Merz-price circula

the CT at each output terminals are balanced against each other,
i rrentand due to which relay ope

-to-phase and phase-to-earth
ting current principle in which
During an internal fault there is
rates the circuit breaker.

Figure-7.28 :Differential protection of a star-

delta three 3-9transformerand connection of CTs




P * . . .

Table 7.2 below. e
Y : Power Transformers : s
" ion of | Connection of | Connection on Conr:jea side in
o secondary | primary side in [ secondary
primal'y Star
1 Star with Delta Deita
" |neutral earthed _ Star Deita
Delta Star with
% neutral earthed =
Star Star with Delta
3. neutral earthed o
4 Delta Delta Star
' Table-7.2

la
7.20 Protection of Transformer Using Buchholz Relay

: ig i between the
s used. ltis installed
insti | faults, Buchholz relay i in ofl immerged
i sformer against interna . internal faults in o
idiadshmeted (t)frtraa:d is used to give warning in case of less severe
rvato
transformer and conse

ly =
i the transformer from supp ———
and to disconnect : . ! . t
tfanSfO_fmef ere internal faults. It is practically used in riarm Circut s
mains in case of sev . . ot Anmal . ™
all oil immersed transformers having rating m an oo = Tﬁﬁ
ion of a Buchholz relay is s g__z i
The construction © ' a” 7
Figure 7.29. It consists of two elements mountedt in Z :r?he T =
ure 7.29. ; . =
Ir?amber located in the pipe connection b(fa w|?occurs Ignsewam{g
c servator and the transformer tank. When a aE ooure . e
n 1
?i:ternal fault), transformer oil evaporates and thus the

. g .29 : Buci OIZ elay

7.21 Protection of Alternators d the protection used have been described as followrs;[i w
) ; ing in an alternator and the fails then, the alternator co
The major faults occuring input to a turbo-generator the supply
: If the steam inpu ion of full load power from
Failire of prime mover: only a small fraction of fu < rostor
i us motor and draws hen steam supply is re
running as a synchrono ; d operate as an alternator w ion is required
in in synchronism and op . _ ver. Similarly, no protection
system. It remain - ; inst failure of prime mover. tor from
; uired agains ) : ' ect the genera
therefors, no prOteftlos?r:sc;;e:ere mechanical protection is provided to disconn
for a hydro-generator

1.

g

. : enerator
ting as an inductiong .
's rated load and starts ac This large
imes the generator’s ra : . and wedges.
upto an extent off2 t:c?tztion heavy currents are induced in the rlotor z:(gznerator’s reactive power
Due tothe loss of e ' stem together with the loss ve instabllity. T0
. ly thrown on the sy: _ - av cause extensive ins '
reactive load sudden duction which in turn may e~
i read voltage redu ) . rated from alte
output may 6ause ;N Ird :gzl?nst loss of excitation directional distance relay ope
ato
protect the gener.

! [ is used.
current and voltage at the generator's terminals is u

— &

3. Over-current: |t iS not necessary
alternators are capable of withsta
serious Overheating or damage.

Over-speed: To protect the transformer against over-
usually an over frequency relay is used.
5. Over-voltage: The protection against over-voltage has two units:

() An instantaneous relay set for pick-up at abouyt 130-160% of rated voltage.
() AnIDMT relay set for pick-up at aboyt 108% of rated voltage.
6. Unbalanced loading: Unbalanced oper

Current generally ag modern
circuit current for sufficient time without

Speeding, some form of over-speed device

ation of

to negative sequence voltages/current:
7.  Failure of insulation: Failure of insulation can cause:

() Fault between phases

(#) Fault between phase and ground

(##) Fault on turng on the same phase winding

Usually differential protection is provided for protectio
been discussed in the previous article.

N against failure of insulation which has already

communication media.

PLCC serves the following purposes:
() Remote control

(7)) Telemetering

W) Teleprinting

(#) Telephony
(v) Tele-protection

g N - -

Remember ®  Alltypes of information to be sent to the other end of Power line are modulated on

T~ carrier wave of high frequency of the order of 50-500 kHz. At receiving end this
9 signal is filtered out with the help of L-C filters.

®  Linetrap/wave trap: Line trap is bag;
for carrier signal and low impedan
and bypass the power signal.

®  Coupling capagitor: offe
for carrier signal. They b

A Buchholz relay is used for ]
(a) transformer

(c) induction motor
Solution: (a)

(b) alternator |
(d) HVDC line




the range of

While energizing a transformer, to prevent the maloperation of a differentially \

|

connected relay, the relay restrained coil is biased with
(a) third harmonic current (b) second harmonic current
(c) seventh harmonic current (d) fifth harmonic current |

Solution:(b)

The frequency of the carrier in the case of carrier current-pilot scheme is in
(b) 15 kHz to 25 kHz

(d) 50 kHz to 500 kHz

(a) 1 kHz to 10 kHz
(c) 25 kHz to 50 kHz

Solution:(d)

For a 3-phase line, complete protection is provided by

(a) three-phase and two-earth fault relays
(b) two-phase and three-earth fault relays

(c) two-phase and one-earth fault relays
(d) two-phase and two-earth fault relays are required

Solution:(c)
Example-7.26 The given figure shows the connections of a percentage differential relay to
or. A high resistance fault occurs near the neutral end with the current
= 0.1 and a pick up of 0.15 A.

protect one phase of a generat
distribution as shown in figure. The relay has a slope of 10% i.e. N,/N,

The CT ratio is 500/5.
(i) Would the relay operate under conditions indicated in the figure?
(i) Would the relay operate i this fault were to occur under no-load condition?

I, =400+ 75 435 + 15 =1,

Solution:

500
Given that, C.Tratio = S

k = slope = —N—’=0.1 or 10%
No
Pickup current = iy = 0.15 A
in =iy~ i

Relay operating coil current,
. . h + i2
Relay restraining coil-current = -

Condition: '
|

'f, iﬁ > k(i1 +i2

)+ Iy — Relay will operate
|

i1 +i2

in <k ]
i ( )+ I — Relay will not operate

Both the C.T ratio = 220
i |

i1 = 11 - 435
(CT ratio), - 500/5"
|

= ——T2 ____400
(CT ratio)2 500/5 A . [

Iy ~i,=435-4=035A

h+i, 835
2 T 5 =4175A

[

J

K h+i)
( 5 -O.1x4.175=0.4175A

k i1+i2 o=
( > )'“o -0.4175+O.15=O.5675A

in< k[At2),,
A ( > )+10 i.e. relaywillnotoperate

A 40 MVA, 3-ph
standard CT ratios on the twg e ofpthase. 345/34.5 kV transformer is star/delta con
transformer. Would an autor e transformer for percentage diff . nected. Select

, ransformer be required? If so, wh -l erential protection of the
Solution: » What would be it's current rating?
|

S a .
J

N .
oW, line current on the star-side (345 kv) = 20x10°
x 325 =66.9A 0r66.94 A
|
|

40x10° :
=669 A or669.4 A |
|

V3x345
|

Choosing a CT rati
tio of 800/5 on the 3 .
star-connected CTs wi € 34.5 kV-side, the curr ;
ill be ent flowing to the different;
tial relay from the

line current on the delta-side (34.5 KV) =

S-X669 = 4.18 A )

e




418

= ——=241A
J3
669 _275-120
e o o 5t' | relay from the delta-connected CTs of the
i the differentia
i i tio the current fed to
Also, with this CT ra

345 KV side is

S J3 =386A
— %3
66.9 x 150

T ratio
i autotransformer C

h (3.86 A against 4.18 A) must be removed by using an

This current mismatch (3.

f 4.18 =1.1 as shown in figure below.
© 3.86

3.86A

345 kV side 34.5 kV side

0

i i tect a synchronous
lain the various types of protection required to pro
Explain
Example-7.28

generator in a power system.

e 0

= » -d
i ial relay biased to avoi
i easons a differentia
hich of the following r
Example-7.29 For w

ion?
olaperation when used for transformer protectio
m

Saturation of CTs . .
22; Difference in connection of both sides

y

y
. | Ie

(b) Mismatch to CT rati?s_
(d) Current setting multiplier

biased to avoid the undesired maloperation.

y

i tany
. and phase faults. . feeder being equal a
feeders against botz e:rtt:e prinFc):ip|e of current entering at one end of the

e This systemis based o

instant to that leaving at the other end. or Morz-price systom.
This system has got following advantages ov
[ ]

Negative Phase Sequence or Phase Unbal

This relay is provided for protection ofg
due to phase to phase faults.

anced Relay

enerators and motors against unbalanced loading that may arise

7.24 Distance Protection

directional over-current relay shown in Fi
magnet system, Operated by voltage i
the voltage Operated ma
circuit remains open.

ly an induction type relay similar to the non-
igure 7.16 of previous article. In induction type distance relay one additiona|

S provided such that under normay operating conditions torque exerted by
gnetsystemis greater than that exerteq by current Operated magnet system and the trip

Principle of Operation

, operating forceftorque a (current)2 g 2 = kP
restraining forceftorque o (voltage)? o 12 = k, \2
The relay Operates if, Operating force becomes greater than restraining force,

ie. koV2 <k112 or 7V< :—21
Remember ®m  Adistance relay is also calleq ratio relay” because relay operates if the ratio of
voltage to current ig less than some set or designed valye
®  Since the ratio of voltage and current gives impedance, therefore it is also called
“impedance relay”.
" Since impedance ang distance are proportional quantities therefore, itis also called
“distance relay” .

7.24.1 Three-zone of Protection of Transmission Line

REACH: Distance of the line

protected by the distance relay is calleq REACH.
Under Reach: If the distance r

elay fails to Operate for the faults within its zone (or)reach is called under
reach,
Over Reach: If the distance relay operates for
For complete protection of transformer lin

the faults outside its reach s called over reach,
Provided in every transmission fine (medium and |

e, three-zone protection used as a back up protection. it is
ong line) above for 132 KV, 220 kv, 400 kv and 720 kv.




A X,

R
Y-Relay
(Mho-relay) zZ,
Figure-7.30: Three-z
, ——— : -2oneof, 7 N
= Z, Z,and Z; are connected in parallel to each other. NOTE = protection of transmission line
rom
3 Figure 7.30 we can see that distance protecti

* QOperating time of Z, is (20 - 40) msec.
ing ti i back- i 3
e Operating time of Z, is (0.2 - 0.5) sec. Up protection fo
p g 2 \ _ for lines Bcand_ CD, because |

e Operating time of Z; is (0.4 - 1) sec.

7 . .
24.2 Carrier Aided Distance Protection Scheme

I I I Z,—Zone 1
z, zZ, Z, Z,-Zone 2 Fromth
ree-zone of protecti
Z,—Zone 3 set to cover 1009 ; 'on of transmission lin :
5 POt ot 100% of the line section in Zone-I and 20% f, o 'see thal the dista
Irable. This problem is overcome by hayi o of the line remains to be

Nce protection scheme can'tbe
protected in zone-II time which

Figure 7.3 Ng carrier aided distance protection scheme ag sh \

In distance protection scheme, there are various operating zones. In most of the distance protection A | own in
schemes, there is one starting zone which initiates the operation of distance scheme and it is formed as the fourth / e ro, : B
sone. Besides this, there are three measuring zones explained as below. 5 °2,5

Zone-I: This zone covers only 80% of the principle line section because due to the errors in CT ratio, PT | g ! B et ZA |

ratio and measuring errors it is not possibie to cover 100% of the protected line in first zone. The faultin | ,' ZA ‘l

zone-1 is cleared by relay with high speed without any adjustment of time*delay i.e. it provides high t z8 |

speed protection for the line under consideration. Here, Z, =0.8 Z,,. Obeeee T _’

Zone-li: In this zone, the remaining 20% of the line left in zone-1 is protected. Addition to this, some ZB —

portion of the line section at the adjacent bus-B(shown in Figure 7.30) is also protected. Theoretically, the | Inthis s ' Flgure-7.31: Carrer aided distance protection sch

| cheme, if the fault occurs between the 20 scheme
|

l

Cuit breaker js tripped

explained in case-1 above only 64% is covered. communicati
| ation and . mmand t N
Honce, for zone-l, we have y24 thus makes the simultaneously opening of bgt;htig th_er end circuit breaker through carrier
. circuit
(Lin = 122, 1 -3 Types of Distance Relay breakers.
(Z)ay = 0-8(Z4 +0.82,) l; Distance relays are of three types:

i' 1. Impedance relay
{ 2. Reactance relay
3. Mho relay

Zone-lll: Zone-III has the main advantage that it provides remote back-up protection for the adjacent
line section and therefore, longest adjacent line section should be protected in zone-TII. Hence, for zone-

Impedance Relay

In an impedance relay,

3 ed by voltage element. Th
oduces negative torque,

III, we have '.
(Zin = 1.2(Z4 + 25 ! 1
Thus, it covers remaining section left in zone-IT and further reach into the system. |
Starting Zone or Zone-1V: The setting of the starting zone should be 125% of the setting of zone-III 80
that starting zone relays may safely operate for faults within zone-III reach.

e




The torque equation is, T= ki|I[ -—ko|V P kg
Neglected the effect of control spring (k,), we have
2 2
T= k|1 —ko|V|

When a relay is at the \}erge of operation, net torque is zero

2 2 WVI_ (712 (K _iz
ki|1|" —ka| V[ =0 or ’|1—|-|Z| ‘\/k:"Zseti
If | Z| <|Zsat|, retay trips the CB ...(Important relations)
If | Z|>|Zset). relay blocks the CB from tripling
The operating characteristic of this relay is shown in Figure 7.32 (shown on impedance or R-X diagram).

X .

f

Zyat
— R
x
Block

Figure-7.32 : Operating characteristic ofanimpedance relay

NOTE s For an impedance relay, voltage Is a restrained quantity while current its operating
quantity, therefore, it is aiso called “voltage restrained over-current relay”. .

@ The operating characteristic of a simple impedance relay is a circle with it's center al
the origin. gl

m Ifthe value of | Z| is less than the radius of the circle it will result into a positive torqus

and if it is more than the radius then, it will result into a negative torgue.
s Fortransmission line protection, a distance relay consists of three highspeed impe
relay units. a timing unit and a directional unit. '
= For fault on medium length line generally impedance relay is used.

2. Reactance Relay

A reactance relay is an over-currentrelay with directional restraint. The directional element is arranged to
yield maximum torque contribution when its current lags its voltage by 90° (i.e. © = 90°). Here, an over-current
element develops a positive torque and a current voltage directional element either opposes or aids the over-
current element, depending on the phase angle between the current and voltage.

The torque equation is,

T= k| I —ka| V|| 1] sin®—k,
Neglecting k,, the relay operates if

k|1 -ks|V||1|sing >0

Vi
or, ——sm(—)<ﬁ or | Z sine<:—1 or X< Ky

I ks 3 ks
The characteristic of the reactance relay on R-X diagram is shown in Figure 7.33
¥ .33.
Operating

B'?Ck characteristic

Trip
0 > R

Figure-7.33 : Operating characteristic of a reactance relay
L ]
NOTE

m Area i ‘
ctance relay is aiso called an “over-current relay with directional restraint”

® |t does not sense resistance
under fault condition i.e. it is i . ;
of arcing type fault tion i.e. it is insensitive to the resistance

For earth faults, reactance relay is normally used.
For phase faults on short line reactance relay is used

Th isti i
e characteristic of a reactance relay is a straight line parallel to the real axis
3. Mho Relay |

A modified impedance relay called mho relay

torque equation s given by results if a directional relay is restrained by voltage. The

T= ks V|| 1]cos(@-)-ky|V?| -k,
Neglecting k,, the relay operates if
ks|V||I|cos(® - ) ~, [vzl >0

or V| k
' L1 - | Zl< = cos(e-
7] = 1#1<ig oo

The right hand side of the above equation is a circle with center located on

Parameter 1 (torque angle) and passing through the origin as shown in Figure 7.34 e ine determined by the

X
r Block

T A LA
P 2(k1)-lzset|

1=LZ,
Figure-7.34: Characteristic of a mho relay on R-X plane

Here, If |Z—Zy|<|Zqy), relay trips the CB
If |Z - Zget] > | Zses| . relay block the CB from trippling




A mho relay is inherently directional

Where the power swings are high, mho relay is generally used.

Mho relays are used for the protection of long EHV transmission lines.

The operating characteristic of a mho relay is a circle passing through the origin.
Offset-mho relay: The center of the mho relay can be shifted to any point in the R-X
plane by ché_racterizing the relay as

if |Z ~Zg| <|Zsey| . relay trip CB

NOTE

s}

and i |Z~Z.|>|Zsl. relay blocks CB

Such type of relay is called “offset mho relay”. It's characteristic on R-X plane is
shown in Figure 7.35.

X
Block

&, a

Figure-7.35 : Operating characteristic of offset mho rela y

7.25 Insulation Coordination

“Insulation coordination” is the economic relationship between the impulse strength of an equipment
insulation and protective voltage level provided by protective device. The protective devices like lightening
arresters, are used to prevent flash over or break down of an equipment insulation from over-voltages of sufficient
magnitude. The basic concept of insulation coordination is shown in Figure 7.36. For proper insulation coordination,
the breakdown (volt-time) characteristics of all the equipment must be above the lightening arrester.

Curve A

Voltage in KV ——

Curve B

Po o

Time in micro seconds

Figure-7.36 : Breakdown or volt-time characteristic

In Figure 7.36, curve A gives the impulse strength of an electrical equipment to be protected whereas
curve Bgives the protective level afforded by the lightning arrester installed for the protection of the equipment
against any lightning surge.

Properties of a good surge diverter/lightning arresters
The important properties are as follows:
®* The break-down voltage of a good surge diverter must be more than system normal working voltage.

® The breakdown of a surge diverter must occur due to any abnormal transient voltage above the
break-down value and must occur as quickly as possible so that it may provide a conducting path to
the earth.

® Incase of a breakdown it must be capable of carrying the resulting discharge current without getting
damaged and without the voltage across it exceeding the breakdown voltage.

® Arcing should not be continued due to ‘power frequency current”,

Ground Wire

Ground wire is used to protect the transmission line from direct strokes of lightning which are placed over
the towers or poles and earthed at regular intervals, preferably at every pole or tower. It also provides a certain
amount of electrostatic screening as it causes the capacitance of ground to increase and so the voltages induced
in the conductors, owing to the discharge of a neighbouring cloud, to decrease.

Example-7.30 Match List- (Relay used) and List-I| (Equipment) and select the correct |
answer using the codes below in the list. !

List-1 List-II
A. Mho relay 1. Transformer
B. Negative sequence relay 2. Motor
C. Thermal relay 3. Generator

4. Transmission line .

Codes: |

A B ¢C _
(a1 2 4 -'
)2 4 3 |
(c)d4 3 2 !
d3 1 2 |
Solution: (c)

I
m A distance relay measures

(a) difference in voltage (b) difference in impedance
(c) difference in current (d) difference in phase

Solution: (b)

Example-7.32
the correct answer using the codes below in the list.

Match List-I (Types of distance relay) and List-Il (Alternate name) and sele;

List-I List-1 |
A. Mho relay 1. Voltage restrained over-current relay |
B. Impedance relay 2. Directional restrained over-current relay
C. Reactance relay 3. Voltage restrained directional relav




Codes:

A B
(a)1 2
(by2 1
()3 2
(d3 1
Solution: (d)
The basic torque equation is,

N - wwo

T= kil I +ko|V [ +ks|V||T|cos(o 1)k,
Neglecting k,,

T= Ki|If +ky|V P +ks|V | I]|cos(e—r)
= For an impedance relay, k, is positive, k, is negative and k;=0

v
and relay operates if [ky| 7 [ ~ko|V[]>0 or III—II=;Z,: < :—1
2

e.||Z]|<|Ze|| (Hence, “voltage restrained over-current relay”)

= For a reactance reiay, k, is positive k, = 0 and k; is negative with 8 = 90°.

So, relay operates if T = ky| 7|7 - ks | V|| I|cos(90-1)> 0

V] on_ ki o Ki ki
o, T=8N6<— or |Z|sind<—L or X<—-L
] ks 2] ks ks

Hence, reactance relay is “direction restrained-over current relay”.
= For a mho relay, k; = positive, k, = negative and k, = 0 and relay operates
if T=ks|V||1|cos(e-1)-ky|VP >0 -
4 ks
r, — = |Z|<—cos(0-1
o ‘ 7] |Z] K 0-1)
Hence, mho relay is “voltage restrained-directional relay”.

m Explain carrier current protection of transmission lines with a neat diagram.
Solution:
Please refer to previous article for explanation as already discussed.

A relay most likely to operate undesirably on power swings is the

(a) over-current relay (b) IDMT relay
(c) mho relay (d) reactance relay
Solution : (d)

During power swing out of the three available distance relay, the reactance relay has the maximum
probability of maloperation i.e. can operate undesirably.

7.26 Static Relays

The conventional type of electro-magnetic relays can be replaced by static relays which consists of an
electronic circuit to develop all those characteristic which are achieved by moving parts in electro-magnetic
relays (i.e. operating time etc.) The static relays are capable of performing the same function with the use of
electronic circuit control which an electro-magnetic relay performs with the use of moving parts or elements.
Some of the advantages of static relays over electro-magnetic relays are as follows:

() Apart from the moving part for final tripping contact, all the moving parts and the contacts are
eliminated.

(i) As static relay require a very little volt-ampere for their operation therefore, VA ratings required for
CTs and PTs are reduced.

(iii) Itincreases the speed of operation and provides more accuracy.

7.27 Concept of Neutral Grounding/Earthing

® Theterm “grounding”means connecting the non-current carrying parts of an electrical equipment or
the neutral point of the supply system to the general mass of the earth in such a manner that all the
time an immediate discharge of electrical energy takes place without danger.

® The main advantages of providing earthing are as follows:
(i) It provides safety of personnel from the electric shock.
(i) It provides safety of equipment and personnel against lightning.
(iii) It controls the earth fault currents for protective relays.

Methods of Neutral Grounding

Following are the methods employed to earth the neutral of the power system.
1. Solid grounding:
= In solid grounding/earthing the neutral is directly connected to an electrode having a good
contact with the earth as shown below.
—— o ——eor
I‘—‘W—-—O Y

o5

Figure-3.37 : Solid grounding

= The disadvantages of solid grounding are as follows:
(1) Heavy earth fault current results in greater interference to neighbouring communication circuits.
(i) Heavy fault currents are quite difficult to be handled in the circuit breakers.
2. Resistance grounding/earthing _
=  This type of earthing helps to limit the earth fault current where a resistor is inserted between
the neutral and earth to limit the current to a safer value as shown below.
—— 0 —o R

——— o0 v
. ————o 5

Figure-7.38: Resistance grounding




=  Resistance earthing is usually used for system operating at voltages upto 33 kV with capacity
above 5 MVA as the circuit characteristics of such a system usually give rise to excessive
current under earth fault conditions.
3. Reactance earthing
= Thisis similar to resistance earthing system except that the resistance in the neutral is replaced
by areactance or animpedance having the ratio of reactance to resistance more than 3.
= The main advantages of reactance earthing are that it ——P0——o R

ensures satisfactory relaying, partial grading of the system S v
insulation, reduced interference to neighbouring
communication circuit as compared with that in solidly X — 0o 8
grounded system. orz,

= The main disadvantage of reactance grounding is that =

high transient over-voltages occur in the system due to which Figure-7.39: Reactance grounding
it is least preferred.

Arc Suppression Coil Grounding/Resonant Coil/Peterson Coil Grounding

3
’

Iy [ Ine

o mm———

[y ——

e
~~
~——
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It operates on the principle that if an inductance of appropriate value is connected in parallel with the
capacitance, the fault current can be reduced considerably or even it can be neutralized. Thus magnitude of
inductance (L) of the coil depends upon the capacitive current flowing into the ground capacitances. When fault
does not occur i.e. balanced condition or healthy condition,

In+I,+13=0 ie. I,=0

When fault occurs,

Inp+I,+15#0 ie I,#0

During occurrence of ground fault in phase '8, a lagging reactive current flows from the faulted phase to
the ground and returns to the system through the inductive coil.

Simultaneously, capacitive currents also flow from healthy phases to ground. The lagging fault current I
and leading capacitive current I, are almost in phase opposition. By a proper selection of the value of inductance
‘L’ of the arc suppression coil, the two currents can be made almost equal so that there is no current through the
ground fault and so there will be no arc.

The combination of neutral reactance ‘L’ and capacitance ‘C acts as a parallel resonant circuit.

If Vi is line to neutral voltage,
Icp=Ioy = BV 0oC
Capacitive current, jc =Ipp+1.,
= V3. V3VaC=3 VeC

For balance condition, 1, = 1,

Ve _ 3V,wC

oL

y

ort = —FF

3 0?C

Phasor diagram

. " Important Expressions

2. Rate of rise of restriking voltage is given by RRRV = En_ SiN——=

4. Average RRRV = (

1. Restriking voltage in a circuit breaker is given by eppy = E, (1—COS—t-) (t=0)

JLC

t
JIC " JLC

3. Maximum value of RRRV is given by (RRRV ), = En_ which occurs at t = g\/LC

max‘m

Peak value of restriking voltage __2E,
Time taken to reach the peak value /] /LC

5.  Voltage developed across the breaker poles due to transfer of energy called “prospective voltage”

L
is given by {V = '\/;J

L
6.  Critical value of resistance for resistance switching of the circuit breaker is given by [R =05 \/g}

7. The duty cycle of a circuit breaker is given by

O-30sec-CO-90sec-CO-3min-CO
(Here, O stands for open and C stands for closing of C.B.)

8.  Fora3-¢C.B., the breaking capacity = /3 x Jyeak X Viatoq
9.  Making capacity of a C.B. = 2.55 x (symmetrical breaking capacity)
10.  The general torque equation is given by T = k; V¢ 24 ko |I|2 +k3|V|l1| cos(e — 1) -k,

11.  Relay operating current = (current setting x CT secondary rated current) (w.r.t. secondary of CT)

Relay operating current = (current setting x CT ratio x CT secondary rated current)
(w.r.t. primary of CT)
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Q.1

Q.2

Q.3

12. Plug setting multiplier is given by
Fault current

- i
PSM = (Relay operating current) B (CS xCT secondary rated current xCT ratio)

Here, CS = Current setting of relay

t . t .
13. Time-multiplier setting (TMS) is given by TMS required = [ required )

14. For a percentage differential relay, % slope or % bias =

Figure below shows the % differential relay used
for the protection of an alternator winding. The
relay has a minimum pickup current of 0.25 A
and has a % slope of 10%. A high resistance
ground fault occurs near the grounded neutral
and of the generator winding with the current
distribution as shown. Assume a CT ratio of
400 : 5; determine if the relay will operate.
380 +,0 340 +0

e , L

Athree-phase transformer rated for 66 kV/11 kV
is connected in Y/A and the protecting CTs on
the LV side have a ratio of 400/5. Determine the
ratio of the CTs on the HV side.

A 2 MVA, 33/11 kV A/Y transformer is supplied
from the 33 kV side and is earthed through a
resistance A on the star side. It is protected by
differential protection scheme, and the fault current
for a single-phase to earth fault at the terminals of
the star winding is to be limited to a full load value.
Prepare a table showing percentage of winding
protected to a base of fault setting which would
be required to protect 70% of the star winding
against earth faults under these circumstands.
Comment on the suitability of the calculated setting
for protecting 70% of the winding.

™s =1

(5 - )x100

(l1+12)
2

Student's
Assignments

1 Explanations

1. Relay will not operate.

200

2. —:5
J3

3. The plug setting for 70% protection = 5.2% which
is too low; restricted earth fault protection is

needed.

% Setting 0 10 | 20 | 30 | 40
% Winding

(Y not protected) 0 416|589 72 [83.2

gt

Q.1 Buchholz relay is used for the protection of
(a) transmission line
(b) synchronous machine
(c) transformer
(d) lightning arrester

Q.2 Sparking occurs when a load is switched off
because the circuit has high
(@) inductance (b) resistance
(c) capacitance (d) magnetism

Q.3 Anisolator is installed ]
(a) to isolate one protection of the circuit from
another !

(b) usually on both sides of a circuit breaker
(c) as a substitute for a circuit breaker
(d) both (a) and (b)

Q.4 Afuseis
(a) always connected in series with the circuit.
(b) always connected in parallel with the circuit.
(c) normally connected in series with the circuit.
(d) normally connected in parallel with the circuit.

Q.5 A pilot exciter is provided on synchronous
generator to
(a) provide starting torque to the generator.,
(b) to supplement the power generated by the
main generator.
(c) excite the main exciter.
(d) none of the above

Q.6 Isolators used in transmission lines are capable
of breaking
(a) fault current (b) nocurrent
(c) charging current (d) load current

Q.7 Afuseis
(a) normally inserted in phase wire
(b) normally inserted in neutral wire
(c) never inserted in neutral wire
(d) never inserted in phase wire

Q.8 Adcircuit breaker is essentially
(a) an arc extinguisher
(b) acurrentinterrupting device
(c) apower factor correcting device
(d) a device for neutralaising the effects of
transients

Q.9 Currentrating is not necessary in case of
(a) isolator
(b) circuit breaker
(c) load breaker switches
(d) circuit breakers and load break switches

Q.10 Protective relays are the devices that detect
abnormal condition in electrical circuits by
measuring
(a) voltage
(b) current
(c) constantly the electrical quantities which

differ during normal and abnormal conditions
(d) none of these

Q.11 Onoccurance of fault on the connected circuit,
acircuit breaker operates :
(a) manually
(b) automatically
(c) manually through a control switch
(d) depending upon the circuit breaker design

Q.12 Inthe protection scheme, relay functions as a
(a) switching device (b) sensing device
(c) breaking device (d) none of these

Q.13 In case of electro-mechanical relay, relay coil is
normally designed for
(@) 50 and 100 A
(c) 5and 10A *

(b) 10and 25 A
(d) 1and5A

Q.14 Alighting arrester provides
(a) lowimpedance path
(b) highimpedance path
(c) low resistance path
(d) high resistance path between line and earth
during operation

Q.15 Earthing of electrical equipment is necessary for
the protection against
(a) overloading
(b) voltage fluctuation
(c) danger of electric shock
(d) high conductor temperature

Q.16 Location of lightning arrester is near a
(a) generator (b) transformer
(c) bus-bar (d) circuit breaker

Q.17 Isolated neutral system has the disadvantage
of
(a) voltage oscillation
(b) difficult earth fault relaying
(c) persistent arcing ground
(d) all of the above .

Q.18 When fault occurs ina high voltage transmission

line, first the

(a) circuit breaker operates then the relay

(b) relay operates then the circuit breaker

(c) relay operates, then successively the isolator
and the circuit breaker

(d) isolator operates, then successively the relay
and the circuit breaker




Q.19 The initiation of electric arc at the instant of
contact separation is caused by
(a) thermionic emission of electron
(b) field emission of electron

(c) (a)and (b) both

(d) none of these

Q.20 Sparking between contacts can be reduced by
inserting
(a) aresistor in parallel with the contacts
(b) a capacitor in series with the contacts
(c) aresistor in the line
(d) areactor in the line

Q.21 For ahigh speed circuit breaker the total clearing
time is around
(@) few minutes
() 1to2cycles

(b) few seconds
(d) 5to 20 cycles

Q.22 In air blast circuit breaker resistance switching
is used to
(a) reduce the magnitude of fault current
(b) control the CB operating time
(c) damp out of the fast transient
(d) change the fauit current power factor

Q.23 SF circuit breaker have the advantages of

(a) very much reduced electrical clearance,
reduced moisture problem and minimum
current chopping problem.

(b) noiseless operation, less arcing time
resulting in less contact erosion.

(c) no reduction in dielectric strength of SF

(d) all of the above

Q.24 To limit current chopping in vaccum circuit
breakers, the contact material employed should
have the property of

(a) low conductivity and high vapour pressure

(b) low conductivity and low vapour pressure

(c) high conductivity and high vapour pressure

(d) high conductivity and low vapour pressure

Q.25 Which of the following circuit breakers has high
reliability and negligible maintenance?
(a) Air-blast (b) SFg
(c) Qil (d) Vaccum

Q.26 The making to breaking current ratio for an EHV
circuit breaker is
(@) more than 1
(c) equalto 1

(b) less than1
(d) anegative number

Q.27 Purpose of backup protection is
(a) toincrease the speed
(b) toincrease areach
(c) to leave no blind spot
(d) to guard against failure of primary

Q.28 To domains of power system where directional
over current relay is indispensable are
(a) in case of parallel feeder protection
(b) in case of ring main feeder protection
(c) both (a) and (b)
(d) none of these

Q.29 |f the fault occurs near the relay, the V/I ratio will

be

(a) lower than that of if the fault occurs away
from the relay.

(b) constant for all distances.

(c) higher than that of if the fault occurs away
from the relay.

(d) none of these

Q.30 The operating characteristics of a plain
impedance relay in a complex z-plane is a
(a) circle passing through origin
(b) circuit with the center at the origin
(c) straight line passing through origin
(d) straight line offset from the origin

Q.31 A differential relay responds to
(a) algebraic difference of two or more similar
electrical quantities.
(b) phasor difference of two ore more similar
electrical quantities.
(c) algebraic difference between two currents.
(d) algebraic difference between two voitages.

Q.32 The operating characteristics of a reactance relay
in the complex impedance plane is s
(a) circle with its origin at the center of the R-X
plane
(b) circle passing through the origin
(c) straight line passing through the origin
(d) straight line parallel to the X-axis

Q.33 Time graded protection of a radial feeder can
be achieved by using
(a) definite time relays
(b) inverse time relays
(c) both definite and inverse time relays
(d) none of these

Q.34 In carrier current protection the purpose of the
wavetrap is for
(a) trapping power frequency waves
(b) trapping high frequency waves entering into
generators/transformer unit
(c) both (a) and (b)
(d) none of these

Direction of Questions (35 to 37):
Each of the following question consists of two
statements, one labelled the ‘Assertion (A)' and the
other labelled the 'Reason (R)". Examine the two
statements carefully and decide if the Assertion (A)
and Reason (R) are individually true and if so whether
the Reason (R) is correct explanation of the Assertion
(A). Select your answers to these questions using the
codes given below:
Codes:
(@) Both A and R are true and R is the correct
explanation of A.
(b) Both Aand Rare true but R is not a correct
explanation of A.
(c) Alis true but R is false.
(d) Ais false but R is true.

Q.35 Assertion (A): For ground fault protection, the
reactance relay is preferred.
Reason (R): Ground fault involves variable fault
resistance and the operation of reactance relay
is not affected by fault resistance.

Q.36 Assertion (A): Zero-sequence currents flow from
aline into a transformer tank.
Reason (R): Transformer windings are
connected in grounded star/delta.

Q.37 Assertion (A): Thyrite arrestor is most common

and is mostly used for the protection against
high dangerous voltages.
Reason (R): The thyrite arrestor discharges
several thousand amperes without the slightest
tendency to flash-over on the edges and there
is absolutely no time lag in its performance.

Q.38 Match List-| (Equipments) with List-I|
(Symbols) and select the correct answer using
the code given below the lists:

List-1 List-11
A. Earthing 1.
B. Fuse 2.
3

C. lIsolator

D. Busbar 4,

Codes:
A B
@ 3 2
2

3

1
|

(b) 1
(c) 2

C
4
5
4
(d3 4 1

N—LA_LU

Q.39 Match List-l (Equipments) with List-I|
(Symbols) and select the correct answer using
the code given below the lists:

List-I List-11

A. Lightning arrester 1. €
B. Currenttransformer 2, —_——
C. Circuit breaker 3. NC
D. Potential transformer 4, ——()—
Codes:
A B CD
@1 2 3 4
)2 3 4 1
©3 1 2 4
d4 1 2 3
Answer Key:

1. 2 3. (d) 4. (a) 5. ()
6 70 &b 9@ 10 (0
Mb) 120 13.d 14.@ 15 (©
6.0) 1.0 18.0) 19.(0 20. (a)
2. 2.0 28.(d) 24() 25 (b)
26.() 27.(d) 28.(0 29.(a) 30 (b)
3M.(b) 32(d) 330 340k 35 @)
36. (a) 37.(a) 38. (a) 39. (c)
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10.

11.

2 Explanations

(c) .
Buchholz relay is used for protecting the
transformer from all types of internal faults.

(a)

An inductor opposes a sudden change in current
and due to it's presence in the circuit when the
load is switched-off due to the stored magnetic
field energy in it, sparking occurs.

(d)

An isolator is an off load device which is used
for the maintenance of a circuit breaker (installed
on both sides of the circuit breaker). Also, it is
used to isolate one portion of the circuit from
another.

(a)

Fuse is a piece of metal which interrupts a short-
circuit current and is connected in series with
the circuit.

(b)
Isolator is an off load device therefore, it is not
used for breaking any current.

(b)
A circuit breaker is used for interrupting a fault
current. Hence, itis a current interrupting device.

(c)

During a fault in a circuit (abnormal condition)
fault current and voltage (over voltage) is very
high which is detected by protective relays for
giving instruction to the circuit breaker for tripping
the circuit. During normal condition voltage and
current are normal which are measured by the
protective relay and hence the circuit remain in
healthy condition.

(b)

During abnormal condition (occurance of fault),
circuit breaker operates automatically and
isolates the faulted circuit.

14.

15.

18.

19.

21,

26.

28.

(b)

Relay used to sense abnormal condition (over
voltage, over current etc.) and hence it is a
sensing device.

(a)

Alighting arrester provides a low impedance path
so that the lightning over voltages easily get
discharged into the earth and the equipment
remain undamaged due to lightning.

(c)

Earthing of electrical equigment is provided so
that the fault current get discharged into the earth
and the personnel handling the equipment does
not get electric shock.

(b)

When a fault occurs in a high voltage
transmission line, first the relay operates (senses
the fault) and sends the trip signal to the circuit
breaker to isolate teh faulted line.

(c)

In a circuit breaker, arc is initiated due to “field
emission” and is maintained due to "thermionic
emission of electrons”.

(c)

Fault in a power system must be cleared within
5 cycles of fault current. High speed CBs clears
the fault within 1 to 2 cycles of fault current.

(a)
Making capacity = 2.55 x Breaking capacity

=25>1

( Making current ]
or,

Breaking current

(c)

In case of parallel feeder as well as in case of a
ring main feeder protection there should be
availability of power to the remaining line/portion
of the line which are not affected due to the
occurance of fault. Hence, a directional relay is
must in these two cases.

29. (a)

30.

When a fault occurs near the relay itself, the
Impedance (V/| ratio) of the line seen by the

relay (Z,,,) will be very less than that if the fauit
occurs away from the relay.

(b)
An impedance relay has a characteristic as
shown below.

})(

sy
\\Tnp

Block

32. (d)

The operating characteristic of a reactance reléy
is shown below.

r)(

Operating
zZone

34. (b)
Line trap/wave trap is basically an inductor which
is used to block carrier signal (high frequency
signal) and bypass power signal (50 Hz signal).

*Heloeme




