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ain valve type arrester.

(c) Expl
Ans.Valve type lightning arrester. It ig also
known as
%/
e
Spark gaps
> and grading
= resistors block
Set of
non-linear
7 reslstors
non-linear : : .
It type llghtmng arrester.

'Y cheap, effective and robust and
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—— T M T TS
therefore extensively used for high voltage
systems.

Figure shows the schematic arrangement of a

valve type lightning arrester.

anstrucﬁon. [t consists of a stack of spark gaps
and re51‘st<.)r discs, the later having the unique
characteristics and their ohmic value decreases rapidly
as the magnitude of current flowing through them
increases. Both assemblies, i.e., spark gaps and set of
resistors, are accommodated in series within a completely
tight porcelain housing ensuring reliable protection against
atmospheric moisture, condensation and humidity.

Working. Under normal operating conditions, the
normal system voltage is insufficient to cause the
breakdown of air gap assembly. However, when
overvoltageoccurs, the breakdown of the series spark
gap takes place and the surge current is conducted to
earth via the non-linear resistors. As the magnitude of
surge current is very large, the non-linear elements will
offer a low resistance to the passage of surge.

Consequently the surge will rapidly move to earth instead

of being sent back over the line. When the surge is over,

the non-linear resistors assume high resistance and flow
of the current ceases.

Advantages:

(1)  These arresters provide very effective protection
against surges (especially for transformers and
cables).

(1)  The impulse ratio (ratio of breakdown voltage
under surge conditions to breakdown voltage under
low frequency conditions) is practically unity.

(i)  Operate very rapidly, taking less than a second.

Drawbacks.

Although these arresters possess very superior
characteristics, they suffer from the following
drawbacks:

()  The performance characteristic is adversely
affected by the ingress of moisture into the
enclosure.

(i)  These arresters may fail to respond quick enough
to check the surge voltage of very steep wavefront
from finding access into the station equipment. ‘
The various types of valve type arresters and their
applications are:

() Station type: )

. These are the most efficient and most expensive
type. The word 'station’ indicates their general
application in large station.
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(iii)

(iv)

v)

5.(a)

They are generally used for the prot e
important power equipment in the circuits of 2.2
kV to 400 kV and higher.

Line type:

These are constructed in a way similar to that of
the station type arresters but are smaller in cross-
section and weight and less in cost. They permit
higher surge voltages across their terminals than
do the station types and have lower surge current
capacity.

They are seldom used on system voltage above
66 kV.

The designation "line type' is confusing as these
are not used for the protection of lines.

They are generally used for protecting large
transformers and immediate sub-stations. Ratings
are available upto 5000 A.

Arresters for the protection of rotating
machines:

These are designed particularly for the protection
of motors and generator.

The usual circuit voltages are 2.2 to 22 kV.
Distribution type arresters:

These are available for voltages varying between
2.2to 15 kV.

These are mostly pole mounted and employed for
protecting distribution circuits/transformers.

Secondary arresters:

These are available for protection of low voltage
apparatus (120 to 750 V).

What are the causes of overvoltage ?
Ans. The causes of over-voltages are of two types

1.e., External causes and internal causes.

The external causes of over-voltages is due to

lightning, surge phenomenon.

The internal causes are due to insulation failure,

arcing ground, short-circuit, resonance etc.

T\

Dwnlaten Asffacacd o a~
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(b) Explain current differential relay.

Ans.
C.T.-1 Protected Fonh
el e e S LT Elcmient s
L4 U LU L e p—
v CF:—)Q
Pil.ot S
Wire Relay operating
P % coil

i
: (for external fault)

An arrangement of an over current relay
connected to operate as differntial relay is shown in
figure. This system is meant for external fault. This
system element might be a length of circuit, a portion of
the bus or a winding of a generator or that of a
transformer. A pair of CTS are fitted on either end of
the section to be protected. The secondaries of the C.T.S
are connected in series with the help of pilot wires in
such a way that they carry the induced currents in the
same direction. The operating coil is connected across
the C.T. secondary circuit.

Normally when there is no fault the currents in
the two C.T. sencondaries are equal & the relay
operating coil therefore doesnot carry any current.

But at the time of fault either external or intenal
there will be a differential current flowsthrough
thedifferential relay or operating coil. This current is
propertiaonal to the phasor difference between the
current entering & leaving the protected element. If the
differential current exceeds the valay’s pick-up value
the relay will operate.

(c) Explain basic operation on Induction relay.

Ans. Induction type over Current relay :
TRIP

pmrisiaa W CIRIIL e Upper Magnet (Electro)

R =
% >Al.disc

ﬁ F —>Sec. Wdg.

ULI\.A_A_A_/\_A__:}\ —> Lower Electro Magnet
Ooooom ~__ x
¢ | SecofcT T T B—— [ —»Plug Bridge
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give seven section of tappings to give over current range
from 50% to 200% in steps of 25%.

Let rated current of CT = 5Amp. and Therefore
the pickup value will be 1.5 x SA=7.5 A,

It means that above current setting the relay will
actually operate for a relay current equal to or greater
then 7.5 A (for 150% setting) for 200% setting it is 2 x 5
= 10A. Adjustment of current setting is made by inserting
a pin between the spring loaded jaw of the bridge socket
at the top.

The secondary wdg. is energized by induction from
the pri. & is connected in series with the wdg. on the
lower magnet. Therefore the fluxes of upper and lower
clectro magnets are sufficient displaced in space and
phase in set up a rotational torque

T=K, P -K,.

Where K| and K, are the spring const. the disc
spindle rotates through a pre-set angle 0 to 360° and
Thus giving a desired time setting. Time setting multiplier
(TMS) is an adjustable back-stop which decides the
actual operating time. Its range is from 0to 1. insteps of

0.05.
Calculation of plug setting multiplier (PSM)

Fault Current in relay
PSM = pick up Value of current

IR
= CT. ratio of sec. rated current x Current setting

I
i ’ I, x100
P =

ﬁﬁxy I xy

I x100xy I, x100

xxLxy - xlp

I, = % current setting of the relay.

- Actual time of operation
TSM="Time of operation corresponding to PSM
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(b) Explain Surge Absorber.

Ans. Surge Absorber : These are the protective
devices which reduce the steepness of wave front of a
surge by absorbing surge energy.

The schematic diagram of the surge absorber 1s
drawn below :

Line
Transformer
Fig: (1)
R
N AN—
T R S
s T Transformer
Fig. (2)

In figure-(1), a condenser (c¢) is connected
between line and ear th and acts as a S.A. reactance of
a condenser (X ) 18 inve_rsely proportional to frerquency;,
‘X, will be low at high frequency and high at low
frequency. Since surges are of high frequencies, capacitor
acts as a S.C. and passes directly to earth. Thus the
transformer wdg. is protected. In figure-(2), there is a



RE——
choke coil (L) and a resistor (R) 18 connected acrogg
‘1’ The choka offers high reactance to surge frequencies
(" X o f) The surges are forced to tlow through ‘R

3 L k &

where they are dissipated.
Metal sheet

AT T T ST A A Y 4
Fig. (3)

AN,

Line ryyyn__Apparatus

CTA T T 777777
Fig. (4)
. Fig (3) and (4) show another type of S.A. which
1s called Ferranti S.A. [t consists of air cored inductor

connected in series with the line. The inductor is

sorrounded by but insulated from an earthed metallic

shec?t called dissipator. The energy of the surge is used

for protection of transformer

{n\ TNl _ » o8
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'_(yExplain plain brake oil circuit-breaker.
Ans. Plain break O.C.B. : This circuit-breake
involves the simple process of separating the contacty
under the whole of the oil in the tank. The arc g
extinguished when a certain critical gap between the
contacts is increased.

e ol
_____ | IS N level
""" o LI SR T2 R O
123 14 ) ) g el
—p» M.C
N
____Transformer

There are two contacts known as F.C. and M.C,
and the transformer oils are filled in a strong weather
tight earthed tank and the oil is upto same level. Air cushion
is present to allow for the reception of the gases so that
there will be no excess pressure generated inside the
chamber.

Under normal operating conditions, both F.C. and
M.C. remain closed and circuit-breaker carries normal
circuit current. When a fault occurs, the M.C. are pulled
down by the protective system and an arc is struck which
vapourizes the oil mainly into ‘H,” gas. The ‘H," gas
bubbles generated around the arc cools the arc column
and aids the deionisation of the medium between
contacts. The gas sets up turbulence in the oil and helps
in eliminating the arcing products from the arc path, the
arc lengthens due to separating contacts, the dielectric
strength of the medium is increased. Thus the arc is
extinguished due to some critical gap length. These
circuit-breaker are mainly used for L.V, low speed
operation and there is no control over the arc.

- s A wwm  ma Rt SR
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(b) Write the construction and working of oil CB
with neat sketch in brief.
Ans. This type of CB has oil as the insulating
material and the diagram is given below

e-_

6?

RN I e ol B O

>Parting contacts

|

Dielect oil
On occurrence of fault the CB contacts i.e >, fixed

and moving contacts will open under oil, the arc is struck
between them and the heat of the arc evaporates the
surrounding oil and dissociates it into a substantial
volume of gaseous hydrogen, methane, ethylene etc at
high pressure. The pressure built- -up & flow of gases is
influenced by the design of arc control device, speed of
contact travel etc. The arc extinction process 1s
conducted in to manners, firstly the "Hg’ as high heat
conductivity and cools the arc. Secondly the gas sets up
turbulence in oil and forces it into the space between
the contacts after the final arc interruption at a current
zero & thus arcing products from the arc path are
eliminated. The result is that arc is extinguished & the

circuit current is interrupted the various types of OCB
used are
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(1) Bulk oil CB (1) Low oil CB

In bulk oil CB — The quantity of oil is large. This
CB is used for indoor and outdoor applications. Similarly
low oil CB the quantity of oil required is small or
minimum.

(c) State and explain the various important
components common to most of the circuit
breaker and their function. Show the
components.

Ans. The various important components common
to most of the C.B. are :

(i) Moving contacts and fixed contacts.

(i1) Dielectric materials.

(iii)Trip circuit materials.

(iv)Container for dielect.

(i) Contacts i.e. Fixed or Moving Contacts :

In order to produce the arc Phenomenon in C.B.
these contacts are necessary. The electrons being
negatively charged are attracted towards the +ve contact
i.e. anode with a high velocity and on the way they detach
more electrons by impact. The +ve ions are attracted
towards the —Ve contact (cathode). Thus current flow is
caused dur to movement of electrons.

The arc is initiated in between the two contacts.
It is due to two processes i.e. field emission and
Thermoionic emission.

(ii) Dielectrics for arc extinction :

When current carrying contacts of a C.B. are
parted, an arc is formed, which persists during the brif
period after separation of contacts. In order to extinguish
the arc or to cool it dielectric are present in betwen the
contacts of the C.B. These dielectrics are oil, air, SF s
Vacuum etc.

(iii) Trip Circuit :

All the C.B. are being connected with trip coil &
relay. The trip coils of the C.B. get energized & the

moving contacts are pulled apart by some mechanism
thus opening the Ckt. at fault conditions.

(iv) Containers :

There are containers which are meant for the
storing of some of the dielect. materials such as oil, Air,
SF,, Vacuum etc.
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The Components shown are .

(oil, Air etc.)

CB
TRIP

Coil
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(b) Explain various ratings of a circuit breaker in
brief ?
Ans. Rating of a C.B are :
(1) Rated voltage
(11) Rated current.
(111)Rated frequency.
(1v)Operating duty
(v) Breaking capacity
(vi)Making capacity
(vil) Short time current rating.

Rated Voltage : The rated maximum voltage of
a C.B. is the highest rms voltage above nominal system
voltage for which the C.B. is designed and 1s the upper
limit of operation. The rated voltage = kV__ and refer
phase to phase voltage for ‘3’ phase Ckt.

Rated Current : It is the rms value of the current
which the C.B. shall be able to carry at rated frequency
and at the rated voltage continuously, under specified

conditions. It is very much related with temperature. The
important condition for normal working of an oil C.B.

1s that temperature of oil should not be more the 40°C
and that of contact should not exceed 35°C.
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- Operating Duty : It consists of the prescribed
no. of unit operations at stated intervals.

Breaking Capacity : It is the highest rms vauc
of s.c. current that the C.B is capable of breaking under
specified conditions of transient recovery voltage and
power frequency voltage. It is expressed in kA rms at
contact separation.

Conventionally breaking capacity :

s — /3 * rated voltage x rated breaking current in

Hence it is expressed in MVA.

There are two breaking capacities.

(1) Symmetrical breaking capacity.

(1) Asymmetrical breaking capacity.

Making Capacity : It depends upon its ability to
withstand the effects of electro magnetic forces which
are propertional to the square of peak value of making
on Current. The making current when closed on s.c. is
the ﬂ value of Iw(including dc component) in the
Ist eycles of current after the circuit is closed by C.B.

| Making current = 1.8 x /2 rated s.c. breaking
= 2.55 times rated s.c. breaking current
~ Making capacity = 2.55 x symmetrical breaking

Short time Current rating : It is the rms value
of current that a C.B. can carry in a fully closed position
without damage for a specified time interval under
prescribed conditions. It is normally expressed in kA

h’l period of 1 sec or 4 sec. (L.V) C.B have no short
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(iii) Low oil circuit-breaker.

AnS.

op Chamber

@)

Gas Vent

L 5Arc extinction device
Moving Contact

Oil level &~

Fixed .

Lower Fixed Contact
contact C

b Terminal

Lower Fix
Contact

g
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'he C.B. is of single break type in which the
moving contact tube moves in a vertical line to make or
break contact the upper half fixed contacts mounted within
the arc control device. A lower ring of fixed contacts
arc in permanent contact with the moving arm to provide
the other terminal of the phase unit. Within the moving
contact tube is a fixed piston which as the tube moves
down ward on opening, forces the column of oil inside
the tube into the arc control device, This has two effects,
firstly a partial pressure balance is ensured so that the
pressure generated inside the arc - control device has
little effect on the acceleration of the moving contact
and secondly the amount of cavitation caused. caused
by the removal of the moving contact is controlled and
efficiency of arc extinction si increased.

The CB arc controlled device which is built up of
oil impregnated vulcanised fibre plates held under
compression by tension members, the plates being
arranged to form a series of vents on one side of the arc,
and a series of o1l pockets on the other. The fixed arcing
tip is so arranged that when the CB opens, the arc is
drawn in front of vents where it can be most easily
exitinguished. To ensure that oil vapourised by the arc-
control device. To minimise the pre-arcing in the moving
contact there 1s turbulator plates.

The upper arcing chamber contains a separator
which eliminates by centrifugal action, loss of oil when
the breaker operates under fault conditions.

Low oil CB are now available for all voltages and
has highest breaking capacities.
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(i) SF_ circuit-breaker.

Ans. This type of CB is prefered for EHY
substantions and they have very high breaking capcity.
the dielectric strength is very high & arc quenching 1s
also effective than other dielectric material construction
& working,

Insulated rods -
F.G
for operating 4 . ir;‘l eta ;
moving member ,//
2o
. Moving M
1 member /
Contact Arcing
)ﬁ A ey '] A/ ' hom
o s
L"".--" f—— t — 1 Fixed
Gas : member
_J T outlet

The CB consists of two units i.e.

(1) Interrupter unit. (2) gas unit.

Interrrupter Unit : In the interrupter Unit which
has both moving contact & fixed contact and they have
connected with set of current transformer fingers. The
function of the current transformer finger is that when
moving contacts is with drawn from the finger constraint
an arc is struck between the moving nuzzel & arcing
probe.

Now increase of separation between the two
contacts are extended and finally SF, gas with high

rpessure will move through the nuzzle with high pressure
which will extinguish the arc.

Working : & :
The arc extinction process in SF_gas is glown on

axially along the arc and the heat Is removed from the
arc by axial connection and radial dissipation.
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. Ther.efore the diameter of the arc is reduced and
the dielectric strength of the medium will regain, the rate

of rise of dielectric strength is more than that of heat
generated.

So the arc will be extinguished with ve
ry faster
way and after the.current zero 1n each half cycle the
restriking effect will be negligible and due to turbulent

flow, SF_the arc will be deionised & incti
4 , the arc extinction
takcs Qlace in a sudden way.
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(iv) Air-Blast circuit breaker.

Ans. These breakers employ a high pressure air-
blast as an arc quenching medium. The contacts are
opened in a flow of air-blast established by the opening
of blast valve. The air-blast cools are the arc and sweeps
away the arcing products to the atmosphere. This rapidly
increases the dielectric strength of the medium between
contacts and prevents from re-establishing the arc.
Consequently, the arc is extinguished and flow of
current is interruped.

~Advantages :

An air-blast circuit breaker has the following
advantages over an oil circuit breaker :
(i) The risk of fire is eliminated.
(i) The arcing products are completely removed by
the blast whereas the oil deteriorates with

successive operations; the expense of regular o1l
replacement is avoided.



(i) The growth of dielectric strength is so rapid that
finil contict gap needed for are extinetion is very
sl This reduces the size of the device,

(1v) ‘The arcing time is very small due to the rapid build
up of dielectric strength between contacts,
Therefore, the arc energy is only a fraction of
that in oil circuit breakers, thus resulting in less
burning ol contacts,

(v) Due to lesser arc energy, air-blast circuit breakers
are very suitable for conditions where frequent
operation 18 required,

(vi) The energy supplied for arc extinetion is obtained
from high pressure air and is independent of the
current to be interrupted,

Dis-advantages : /
The use of air as the arc quenching medium offers
the following dis-advantages :
(i) The air has relatively inferior arc extinguishing
propertics.
(i1) The air-blast circuit breakers are very sensitive
to the variations in the rate of rise of restriking
voltage.
(i) Considerable maintenance is required for the
compressor plant which supplies the air-blas.
The air-blast circuit breakers are finding wide
applications in high voltage installations. Majority
of the circuit-breakers for voltages beyond 110 kV are
of this type.
Types of Air-Blast Circuit Breakers :

Depending upon the direction of air-blast in relation
to the arc, air-blast circuit-breakers are classified into :

(i) Axial-blast type in which the air-blast is directed
along the arc path as shown in figure-1(i).

g 2 elien o
el o

0] n (i

(i) Cross-blast type in which the air-blast is directed
at right angles to the arc path as shown in

figure-1(ii). Aictiig: il
(iil) Radial-blast type in which the air-blast is directed
radl'auy as Shown il'l ﬁglll'&-l(iﬁ)- ‘.""t'.'.| ,;3.- g
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(a) Axial-blast Air Circuit Breaker :

Figure-2 shows the essential components of a
typical axial-blast air circuit breaker. The fixed and
moving contacts are held in the closed position by spring
pressure under normal conditions. [he air reservoir 1s
connected to the arcing charbo
This valve remains closed under normal conditions but
opens automatically by the tripping impulse when a fault
occurs on the system.

hrouch an air valve

Arcing chamber
4 )
)fl_ ] , i

Air Reservoir Series -

When a fault occurs, the tripping impulse causes
opening of the air valve which connects the circuit breaker
reservoir to the arcing chamber, The high pressure air
entering the arcing chamber pushes away the moving
contact against spring pressure. The moving contact 1is
separated and an arc is struck. At the same time, high
pressure air blast flows along the arc and takes away
the ionised gases along with it. Consequently, the arc is
extinguished and current flow is interruped.

It may be noted that in such circuit breakers, the
contact separation required for interruption is generally
small (1.75 cm or so). Such a small gap may constitute
inadequate clearance for the normal service voltage.
Therefore, an isolating switch is incorporated as a part
of this type of circuit breaker. This switch opens
immediately after fault interruption to provide the
necessary clearance for insulation.

(b) Cross-blast Air Breaker :

In this type of circuit breaker, an air-blast is
directed at right angles to the arc. The cross-blast
lengthens and forces the arc into a suitable chute for arc
extinction. Figure-3 shows the essential parts of a typical
cross-blast air circuit breaker. When the moving contact
is withdrawn, an arc is struck between the fixed and
moving contacts. The high pressure cross-blast forces
the arc into a chute consisting of arc splitters and baffles.
The spiltters serve to increase the length of the arc and
baffles give improved cooling. The result is that arc is
extinguished and flow of current is interrupted. Since
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blast pressure is same for all currents, the inefficiency
at low currents is eliminated. The final gap for interruption
is great enough to give normal insulation clearance so
that a series 1solating switch is not necessary.

Arc splitters

Moving

contact Arc
Fixed
Opening | contact

4

Alr flow
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\(l)/)lfxplnin the resistance switching process in a
CB.

Ans. It is a delibrate connection of registance in
parallel with the contact space (or arc) is called the
resistance switching. It is employed in CB having high
post zero resistance of contact space (1.¢. air blast CB),

Severe voltage oscillations occur due to (1)
Breaking of low inductive currents (1., current
chopping) (i) Breaking of capacitive currents, this will
endanger the operation of the system,

On occurence of fault, the contacts of the CB open
and an arc is struck between the contacts, with the arc
shunted by the resistance ‘R’ a part of arc current 1s
diverted through this resistance, This result in the
decrease of arc current and an increase in the rate
deionization of the arc path. Thus the arc resistance 18
increased leading to and further increase in current
through the shunt resistance ‘R’. This. build up process
continues until the current becomes so small that it fails
to maintain. Now the arc is extinguished and the current
current gets interrupted.

Wl T

M Auxillary
break
()

st . & 0 0O 0

e Auxillary
break
| (©)
Typical resistor connection are shown in Fig. (1)
a, b, ¢

» N W TeLw 4 - s - - - - - -
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(b) Write briefly about vacuum circuit
breaker ?

Ans. Vacuum CB :

Vacuum CB has two outstanding properties
(i) Highest insulating strength (ii) interruption
occurs at the first current 1s zero.

The lower end of the breaker is fixed to a
spring operated or solenoid operated mechanism so
that the metallic belows inside the chamber are
moved upward and down ward during closing and
opening operations respectively. The contact
movement should be such as to avoid bounce. It is
with nothing that the operating mechanism should

provide sufficient pr. for a good connection between
the contacts.

Fixed contact

/
. —
o S
Ceramic Contact tip
envolope Rt il
;
<= =>

Spatter

gg ﬁ] *shield
[ ﬂ

o sl
B 7 il

/ —> Moving Contact
Bellows
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The pr. in a vacuum inter rupte
sealing of is kept about 107 torr. Themtemtpmm |
is between 250 and 1000 MVA. the normal current
carrying capacity for a single interrupter is 800 — 3000

A, 42kV-17.6kV.

Advantage of V.C.B :

(i) It is a self Contained & doesnot require filling
of oil or gas. They do not need auxillary air
system, oil handling system etc.

(i1) Repid recovery of very high dielect. Strength
on current interruption. So that only half cycle
or less arcing occurs after pfoper contact
separation.

(i11) Current interruption occurs at the first current
zero after contact separation with no restriking.

(1v) No emission of gases : Pollution free.

(v) Non-explosive and silent operation.

(vi) Breaker unit is compact & self contained.

(vil) Larger no. of operations on load or S.C. suitable
for repeated operating duty.

(viii) Usable on any voltage upto 230 kV & higher
and long life, maintenance free.

(ix) No Gas deposition.

(x) High total current switched.

(x1) Constant contact resitance.

Applications :

(1) Tt is used for very high speed making switches
in many industrial applications.

(1) It 1s used for Capacitor switching where O.C.B
is not sufficient.

(111) Incountry like India it is suitable for 11 to 33kV.
network extending into vast rural compled.

(iv) For low fault interrupting capacities the cost is

low to other interrupting devices.
£\ TMNereal 40 -l
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(b) What are the differences between a fuse and

circuit breaker ?
Ans. Difference between Fuse and Circuit

breaker :
Ans. (i)Circuit breakers and fuses are both used for fault

(i1)

(iii)
(iv)

(V)

(v1)
(vi1)

(viii)

clearance and short circuits. Both posses a time
element of operation, they operate practically
instantaneously on S.C. but with definite time lag
on over loads. C.B can be reset in less time and
with less trouble that are required to replace blown
fuses and spare parts are seldom required.

For 1.V, say from 3.3 kV upwards, isolation 1S
achieved by C.B. C.B may be preferred where
continuity of service is an important consideration
where frequent fuse replacement may be
expected.

Fuse with circuit breaking arrangement is quite
useful and economical.

[solation switches are needed in case of C.B. for
not accessible position of maintenance and
inspection.

The fuse wire will melt due to S.C. current or due
to over loads automatically, but for C.B. trip coil
of a relay will make the contacts to open.

Fuse has inverse time current characteristics for
over loading protection.

Fuses are cheap, need no maintenance, operation
time is minimum, interruption has no noise, flame,
gas or smoke as compared to C.B. electrical
machines appliances are generally have fuse
elements not any C.B.

C.B. is used both for no-load and load. i.e. it opens
& closes the the circuit on no-loads, it also makes
and breaks the normal operating current & it also
makes & breaks under S.C. conditions.

i o~ N R N N
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7 (b) What are the characteristics of the fuses,
explain in brief.
Ans. The Ch. of HRC fuses are (i) I’t Ch. (ii) Cut

off current Ch. (1v) time current Ch. (v) Non-
deteriorating Ch.

The I?t Ch. 1s shown below

; Total I't

Pre Arcing

I 4 —> Fuse Rating in Amp

The cut off current Ch. shows that a heavy fault
current will be interrupted and the ability 1s known as
cut-off. Due to this Ch. S.C. current dues n’t attain the
prospective current. Due to this Ch. the arc is quenched
on blowing out of the fuse.

The HRC fuses interrupts the. S.C. current very
quickly & both thermal and magnetic stresse are
minimised.

. For over load protection inverse time-current Ch.
15 needed & the HRC fuse exhibits this property.

HRC fuses do not deteriorate their functions even
after fault interruption.

~ Cut-off current characteristics ofa HRC fuse
15 described below:



When a HRC fuse interrupts a heavy fault
current at that time it is able to limit the S.C. current.
Cut off is in fact one of the main reasons why HRC
fuse is so successful as a protective device & it is
many times preferred over C.B.

Cut-off occurs when the heavy fault current
starts flowing through the fuse element & silver fuse
element & silver fuse element starts melting at one
or more points. On blowing out of fuse an arc is
formed between two ends & a transient current is
super imposed on the prospective current. When
both these two current sum = 0, arc is quenched.
The cut-off characteristics is drawn below :

Prospective

Cut-off current
A
current /
4 Current
! ZET0
Fault
occurs
Supply . Peak arc voltage
votlage 1
Fault -\
occurs
at this pt Recovery
voltage
= e i
Pr.e Arcing
arcing time
time

In this characteristics, the arc voltage is several

times than the supply voltage depending upon the
length & C.S. of the fuse. The Cut-off current is the

max current to which the fault current reaches before
the fuse melts.
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(b) Define prospective current and cut-off
current. |

Ans. prospective Current : It is the rms value
of the firt loop of the fault current.
Cut-off current : The melting of a fuse element

before the current reaches the prospective peak is called
the cut off current

Cut of current < Prospective current.

I
Cut-off % _
current ~~_ Prospective
M \current
X
\
\
\‘ ¢
Fault ¥
oCcCcurs
Wave form (diagram) of current :
Prospective
; current
Cut-off ] ¥
current *
Current
T " zero
Fault =
occurs
Supply S Peak arc voltage
votlage B2
Fault
occurs
at this pt Recovery
voltage
bt iples

Pre Arcing
arcing time
time
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Cut-off Current : It is the current value at the
melting of fuse element before the current reaches the
prospective peak. Also 1t may be defined as the value of
current at which the cut-off occurs. In the figure point-
A shows the cut-off current. This current depends ipon
(1) current rating of the fuse (11) the value of prospective

current (iii) asymmetry of s.c. current.
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(iii) Essential Features of switchgear.
Ans. The essential features of switchgear are :
* Complete reliability : With the continued trend
of interconnection and the increasing capacity of
generating stations, the need for a reliable
 Switchgear has become of paramount importance
This is not surprising because switchgear is added
to the power system to improve the reliability.
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When fault occurs on any part of the power
system, the switchgear must operate to isolate the
faulty section from the remainder circuit.

Absolutely certain discrimination : When fault
occurs on any section of the power system, the
switchgear must be able to discriminate between
the faulty section and the healthy section. It should
isolate the faulty section from the system without
affecting the healthysection. This will ensure
continuity of supply.

Quick operation : When fault occurs on any
part of the power system, the switchgear must
operate quickly so that no damage is done to
generators, transformer and other equipment by
the short-circuit currents. If fault is not cleared
by switchgear quickly, it is likely to spread into
healthy parts, thus endangering complete shut
down of the system.

Provision for manual control : A switchgear
must have provision for manual control. In case
the clectrical (or electronics) control fails, the
necessary operation can be carried out through
manual control.

Provision for instruments : There must be
provision for instruments which may be required.
These may be in the form of ammeter to voltmeter
on the unit itself or the necessary current and

voltage transformers for connecting to the main
Switchboard or a separate instrument panel.
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