Electrical Installations

17.5 COMPONENTS OF LT SWITCHGEAR

17.5 1. Fuses. Fuse is perhaps the simplest and cheapest device used for
under short circuit. or excessive overload, current magnitudes. As such,
circuit protection in high voltage (up to 66 kV) and low voltage (up to
voltage circuits their use is confined to those applications
panigutarly suitable for current interruption.

The action of a fuse is based upon the heating effect of the
when the current flowing through the circuit is within safe
carrying this current is readily dissipated into the

it is used for overload and/or short-
4QO V) installations/circuits, In high
where their performance characteristics are

e'lec.tn'c current. In normal operating conditions,
limits, the heat developed in the fuse element

surrounding air, and therefore, fuse element remains 1.400 200 A FUSE
at a temperature below its melting point. However, T . T
when some fault, such as short circuit occurs or when - v =T
load connected in a circuit exceeds its capacity, the E 1,000 \ N
current exceeds the limiting value, the heat generated % 800 —\ N
due to this excessive current cannot be dissipated fast z b § N - 100 A FUSE
enough and the fusible element gets heated, melts 5 0PC L -
and breaks the circuit. It thus protects a machine or & 400 = M
apparatus or an installation from damage due to 3 Camn
excessive current. 100 ™~

The time for blowing out of fuse depends upon
the magnitude of the excessive current. Larger the § § §§ § 5 9 % 2 g8z¢9

current, the more rapidly the fuse will blow i.e., the FIHE N SECONDS
fuse has inverse time-current characteristic, as shown
in Fig. 17.19. Such a characteristic is desirable for

protective gear. ‘
Essentially, a fuse consists of a fusible element in the form of a metal conductor of specially selected

small cross-sectional area, a case or cartridge to hold the fusible element, and in some cases, provided with a
means to aid arc extinction. The part which actually melts and opens the circuit is known as the fuse element.
It forms a series part of the circuit to be protected against short circuit or excessive overloads.

Fuses have following advantages and disadvantages.

Fig. 17.19 Time-Current Characteristic

Advantages
(i) Ttis the cheapest form of protection available.

(ii) It needs no maintenance. o ) )
(iti) Its operation is inherently completely automatic unlike a circuit breaker which requires an elaborate

equipment for automatic action.
(iv) It interrupts enormous short circuit currents without noise, flame, gas ar smokc.‘ —_
(v) The minimum time of operation can be made much smaller than that with the m_rcuft bre .e.rs.
(vi) The smaller sizes of fuse element impose a current limiting effect under short circuit conditions.

(vii) Its inverse time-current characteristic enables its use for overload protection.

Disadvantages
(i) Considerable time is lost in rewiring or replacing a fuse after.opemnon-b WA ERa—
(ii) On heavy short circuits, discrimination between fuses in series caémot e obtai
. o 3 wiiece ed.
considerable differences in the relative sizes of the fuses concern Prp—

with that o
(iii) The current-time characteristic of a fuse cannot always be correlated
device,
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The function of fuse wire is () to carry the normal working current safely without heating and (ii) to breay
the circuit when the current exceeds the limiting current.

Distribution circuits are protected from ground and sh
arranged as to disconnect the faulted equipment promptly from its source of supply._ '
exclusively for the protection of cables in low-voltage light and power cireuits and for trfinstonners of rating
not exceeding 200 kVA, in primary distribution systems. Circuit breakers are employed for larger amounts of
power and in cases where the operation of the overload device is so frequent as to make the use of fuges
impractical, . ) . -

Necessity of Fuse in an Electric Circuit. If no fuse or other similar device is provided in the circuit thep
a dangerous situation would be created on developing of faults such as ovcrlo.ad. sho'rt circuit or earth faultg,

In case of overload, short circuit and heavy earth faults a heavy C“m’m_wm GRG0 flow lhrou.gh the
consuming apparatus, current carrying cables or wires and other current carrying equipment. Due to continuous
flow of heavy current through the cables or wires, apparatus etc., these will get heated up and so get damaged,
The fire may also break out. s -

In case of earth leakage fault, (i.e. on the body of the electrical apparatus becoming alive), the body of the
electrical apparatus will continue to be alive and at much higher potential above that of the earth. In such
circumstances any person coming in contact with the metal body of the apparatus is liable to get an electric
shock, even if it is earthed.

The main function of a fuse is to blow out under a fault and isolate the faulty section from the live side.
If the fuse is provided on neutral wire, in place of live wire, then in abnormal conditions though the fuse will
blow out but the lamp or other apparatus still remains connected to the live wire and in case of leakage some
trouble will arise and cause a considerable damage. In case the earth fault takes on the neutral wire between
lamp and fuse provided in it, the fuse will blow out because the neutral wire is slightly at a higher potential
with respect to earth and so the fault current flows through the neutral wire and fuse melts itself. The current
will flow through the live wire, lamp, neutral wire and earth fault, even after the fuse has blown out and this
may cause serious damage to the wiring, the apparatus connected or building itself.

If fuses of same capacity are provided on the phase wire and neutral, then in case of short-circuit fault, one
of them will blow out first. If the fuse on neutral wire blows out first, the fuse in phase line remains intact and
faulty apparatus still remains connected to the live. If some person comes in contact with the faulty apparatus,
he is liable to get electric shock. In case the installation is connected to 3-phase 4-wire supply system, and

fuses are provided on both live and neutral wire and fuse on neutral wire blows out then voltage of each phase
to neutral will become considerably different, which is not desirable. Hence the fuse is provided only in phase
or live pole, never on neutral pole.

17.5.2. Fuse Units. A fuse unit essentially consists of the metal fuse element or link, a set of contacts between
which it is fixed and a body to support and isolate them. Many types of fuses also have some means for
extinguishing the arc which appears when the fuse element melts.

The various types of fuse units, most commonly available are :

ort-circuit currents by fuses or circuit breakerg 50
Fuses are used almqg

1. Round type fuse unit.

2. Kit-kat type fuse unit.

3. Cartridge type fuse unit

4, HRC (High rupturing capacity) fuse units and

5. Semiconductor fuse units

1. Round Type Fuse Unit. This type of fuse unit consists of a porcelain or bakelite box and two separated
wire terminals for holding the fuse wire between them. This type of fuse is not in common use on account of
its following disadvantages :

1. One of the terminals remain always energised and, therefore, for replacement of fuse either the worker

will have to touch the live mains or open the main switch,
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2. Appreciable arcing takes place at the instant of blowing off fuse and thus damage the terminals. After
(wo or three arcing the fuse unit becomes unusable.

FUSE CASE

2. Rewirable or Kit-Kat Type Fuses. The most commonly used
(use in “house wiring’ and small current circuits is the semi-enclosed
or rewirable fuse (also sometimes known as kit-kat type fuse). It
consists of a porcelain base carrying the fixed contacts to which the
incoming and outgoing live or phase wires are connected and a
porcelain fuse carrier holding the fuse element, consisting of one
or more strands of fuse wire, stretched between its terminals. The
fuse carrier is a separate part and can be taken out or inserted in the
base without risk, even without opening the main switch. If fuse
holder or carrier gets damaged during use, it may be replaced without
replacing the complete unit.

.The fuse wire may be of lead, tinned copper, aluminium or an
alloy of tin-lead. The actual fusing current will be about twice the
rated current, When two or more fuse wires are used, the wires should
be kept apart and a derating factor of 0.7 to (.8 should be used to
arrive at the total fuse rating.

The specifications for rewirable fuses are covered by IS : 2086-1963. Standard ratings are 6, 16, 32, 63
and 100 A. A fuse wire of any rating not exceeding the rating of the fuse may be used in iti.e. a 80 A fuse wire
can be used in a 100 A fuse, but not in the 63 A fuse.

On occurrence of fault, the fuse element blows off and the circuit is interrupted. The fuse carrier is pulled
out, the blown out fuse element is replaced by new one and the supply is restored by re-inserting the fuse
carrier in the base.

Though such fuses have the advantages of easy removal or replacement without any danger of coming
into contact with a live part and negligible replacement cost but they suffer from the following disadvantages:

(@) Unreliable Operation. The operation of the rewirable fuses is unreliable because of the following

FUSE CARRIER

Fig. 17.20 Rewirable or Kit-Kat Type
Fuses

factors:

(/) There is a possibility of renewal by the fuse wire of wrong size.

(ii) The fuse wire deteriorates, over a period, due to oxidation through the continuous heating up of
the element. After a relatively short period the current causes the metal to deteriorate and the
fuse operates at a lower current than originally rated.

A fuse with normal rated capacity of say 60 A would fuse at nearly 120 amperes. Should that
amount of current damage the apparatus in the circuit, obviously the size of the fuse wire must
be smaller but, as its rated capacity will also be lower, the same dependence could not be placed

(iif)

upon it.

— ar e - S

®)

(iv)

(v)

The protective capacity is uncertain i.e. no dependence can be placed upon the wire to interrupt
the circuit when a given current flows. For instance although theoretically a No.17 SWG wire
should interrupt a circuit when a current of 135 A is flowing, the circuit may be interrupted when
a lower current flows or in other circumstances when only a much higher current flows.

Accurate calibration of the fuse wire is impossible, as a Jonger fuse operates earlier than one of

shorter length.

Single phasing of three-phase induction motors is a common occurrence where rewirable type fuses

are employed in motor circuits.

Lack of Discrimination.
However. it will be possible to achieve some measure of discrimination by using a fu

twice the rating of the next fuse a

Due to unreliable operation, discrimination cannot be always ensured:
se which has

et . . S P11
head of it in series. For example, a fuse of 80 A will discriminate

with a fuse of 40 A, but not with a fuse of 55 A,
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(¢) Small Time Lag. Due to the small time lag, such fuses can blow with large transient currents which

are encountered during the starting of motors and switching-on operation of transformers, capacitors,

fluorescent lights etc., unless fuses of sufficiently high rating are used.

(d) Low Rupturing Capacity. Rewirable fuses have limited breaking or rupturing capacii'y. For example,
according to IS : 2086-1963 the rewirable fuse of 16 A normal current have a breaking current of 2

kA and those up to 200 A normal current have a breaking current of 4 K A.
() No Current-Limiting Feature.
(N Slow Speed of Operation. No special mea
fuse melts. Thus arcing time is more in such fuses.
3. Cartridge Type Fuse. This is a totally enclosed type fuse unit.

container of bulb or tube shape and sealed at its ends with metallic cap
element and filled up with powder or granular material known as filler.

used as filler like sand, calcium carbonate, quartz etc. There is
sometimes a blow out device in the side of the tube to indicate
when the fuse is blown. On overloads or short circuits, the fusible f)
©

element is heated to a high temperature causing it to vaporize. =
The powder in the fuse cartridge cools and condenses the vapour
Fig. 17.21 Cartridge Fuse

and quenches the arc thereby interrupting the flow of current.
Since it is totally enclosed it will not be possible to rewire and, therefore, the whole unit will have to be

replaced, once it blows out. It provides complete security against fire risk, as it is a totally enclosed unit. The
filling powder provides good insulating path and helps to extinguish the arc at the time of blowing up of fuse.
This type of fuse is available up to 660 V and the current rating up to 800 A.

4. High Rupturing Capacity {HRC) Fuses. With a very heavy generating capacities of the modern power
stations, extremely heavy currents would flow into the fault and the fuse clearing the fault would be required
to withstand extremely high stresses in this process. A rewirable fuse may not be useful in this case and,
therefore, high rupturing capacity fuses commonly known as HRC fuses, designed and developed after
intensive research for use in medium and high voltage installations, are used for such duties. Their rupturing
capacity is as high as 500 MVA up to 66 kV and above. The main advantages of HRC fuses are:

(/) They are cheaper as compared with other types of circuit interrupters of same breaking capacity.

(if) No maintenance is required.

(iff) The operation is quick and sure.
(iv) They do not deteriorate with time.
(v) They have inverse time-current characteristic.
(vi) They are capable of clearing high as well as low currents.
(vi) They are quite reliable and can be selected for proper discrimination.

HRC fuses suffer from the following disadvantages :
(i) They are required to be replaced after each operation.
(i) Interlocking is not possible.
(iii) They lack relays in complete discrimination.
Since the advantages outwergh the disadvantages to a very large extent, HRC fuses are extensively used.
(a) Cartridge Type HRC Fuse. The high rupturing capacity cartridge fuse is most popular. In its simplest
form an HRC cartridge fuse consists of a heat resisting ceramic body having metal end-caps to which are
welded fusible silver (or bimetallic) current-carrying elements. The complete space within the body surrounding
the elements is filled with a powder which acts as an arc extinguishing agent
The process of fusing comprises the following operations : '

ns are employed to extinguish the arc that blows after the

It essentially consists of an insulating
known as cartridge enclosing the fuse
There are various types of materials

1. Pre-arcing operation {.e. melting of silver elements.
2. Arcing operation i.e. vaporisation of the elements.
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3. Fusion of silver vapours and the filling BRASS
powder, and END CAP BIMETAL THERMAL FUSE LINK
CONTROL CONTACT

4, Extinction of arc under fusion process

On the occurrence of a fault, short-circuijt
current flows through the fuse element and
olement is thus heated up to its melting point,
When the melting process is completed, an arc
is formed. The chemical reaction between silver

vapour 'f“‘d filling pO}’-’der tfmds to establish FILLING POWDER
high resistance. The high resistance acts as an CARRIEGE. U
insulator because the fault current decreases Fig. 17.22 HRC Cartridge Fuse

with the high press ithi
o e o e fse b el xcsiv)cumnt. T o s
. _ - Interruption on account of sudd 1 f
The physical phenomena associated with th of sudden release of energy.
e o ,
the generation of a high internal pressure, process of fusing include a sudden rise of temperature and
tra Chlori - )
lut{i?nzfl :j’ as eajezr;:fte; :t{]iendHRC_ 1; use, It essentlal_l}' consists of a glass tube filled with carbon tetrachloride
5(; et bt s with brass caps. .In31de the tube a high resistance fuse wire is sealed at one end
0 Chg g other end of _the fuse wire is held by a strong phosphor bronze spiral spring fixed to
theother €RAE.0 le % 88 tube. A flem‘blc copper wire is also similarly held between the spring and the other
end of cap In para. lel with the high resistance wire. On short circuit or overload, the high resistance fuse wire
melts and spring pulls back the flexible copper wire. The arc produced is extinguished by carbon tetrachloride
vapour.
5. Semiconductor Fuses. These are very fast acting fuses for protection of thyristor and other electronic
circuits.
17.5.3. Switch Fuse Units. As per Indian Electricity Rule 50 a suitable linked switch (a switch operating
simultaneously on phase or line and neutral wires) is to be provided immediately after the meter board. This
rule also stipulates that a suitable cutout must be provided just after the linked switch to protect the circuit

against excessive current. The linked main switch and fuse unit may be provided as one unit or as separate

units.

CLOSING LINK

FRAME

(b) TPIC Switch

(a) DPIC Switch
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CENTAGTS WITH ARCING
CHUTES
] FUSES
MOVING
CONTACTS KNIFE
HovinNG HBC FUSE ON

CONTACTS

MOVING CONTACT

OPERATING

R i b MECHANISM
«— SWITCH
HANDLE
COVER
SWITCH
COVER
() @

Fig.17.23 Switches and Switch Fuses

Switch fuse is a combined unit and is known as an iron clad switch, being made of iron. It may be double
pole for controlling single phase two-wire circuits or triple pole for controlling three-phase, 3-wire circuits or
triple pole with neutral link for controlling 3-phase, 4-wire circuits. The respective switches are known as
double pole iron clad (DPIC); triple pole iron clad (TPIC) and triple pole with neutral link iron clad (TPNIC)
switches. These switches are shown in Figs. 17.23 and 17.24.

Since no fuse is to be provided in neutral (IE Rule 32), in DPIC switch fuses, where provision is made for
fuses in both the wires, one fuse carrier is furnished with fuse element and the other with a thick copper wire.

The specifications of IC switch fuse units are given below as samples :

1. For Two-Wire DC Circuits or Single Phase AC Circuits.240 V, 16 A, DPIC switch fuse of any make
approved by IS.

2. For Three-Wire DC Circuits. 500 V, 32 A (63/100/150 or higher amperes), IS approved TPIC switch
fuse. :

3. For Three-Phase Balanced Load Circuits. 415 V, 32 A (63/100/150 or higher amperes), IS approved
TPIC switch fuse.

]
>

JACURETTRTRETILITINGY

EETE

(a) Double Pole Iron Clad Switch (b) Triple Pole, Iron Clad Switch
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(c)l 6-Am:v. All ‘inmfared (d) All insulated Switch (e) Three-Phase Iron Clad Main
Main Switch With Moulded Cover Swirch For Power Use
and Base For Circuits
Up to 16 Amperes Capaciry
Fig. 17.24

17.5.4. Miniature Circuit Breaker (MCB). Is a device that provides definite protection to the wiring instal-
lations and sophisticated equipment against overcurrents and short-circuit faults. The outer and interior
views of an MCB are shown in Fig. 17.25. Thermal operation (overload protection) is achieved with a
bimetallic strip, which deflects when heated by any overcurrents flowin g through it. In doing so, releases the
latch mechanism and causes the contacts to open. Inverse time-current characteristics result. i.e. greater the
overload or excessive current, shorter the time required to operate the MCB. On the occurrence of a short
circuit, the rising current energizes the solenoid, operating the plunger to strike the trip lever causing imme-
diate release of the latch mechanism. Rapidity of the magnetic solenoid operation causes instantaneous

opening of contacts.
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BIMETAL CARRIER
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. » Cirewit Breaker (Courtesy Havells)
Fig. 1725  Miniature Circuit Breaker (Courtes W e N
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Miniature circuit breakers are available with different current ratings of 0.5, 1.2, 2.5, 3,4, 5, 6, ?.5., 10, 16,
2025, 32,35, 40, 63, 100, 125, 160 A and voltage ratings of 240/415 V ac and up to 220 V dc. Operating time
is very short (less than 5 ms). So they are very suitable for the protection of important and sophisticateq
equipment, such as air-conditioners, refrigerators, computers etc.

17.5.5. Earth-Leakage Circuit Breaker (ELCB). It is a device that provides protection against earth leak.
age. These are of two types viz, the current operated type and the voltage operated type. _

Current operated earth-leakage circuit breaker is used when the product of the'OPﬂatmg_ current in
amperes and the earth-loop impedance in ohms does not exceed 40. Where such a circuit breaker is used, the
consumer’s earthing terminal is connected to a suitable earth electrode. A current-operated earth leakage
applied to a 3-0, 3-wire circuit is shown in Fig. 17.26. In normal conditions when there is no earth leakage the
algebraic sum of the currents in the three coils of the current transformers (CTs) is zero, and no current flows
through the trip coil. In case of any earth leakage, the currents are unbalanced and the trip coil is energized
and thus the circuit breaker is tripped.

LOAD LOAD
——— —

FAULT

’_—L EARTH

EARTH —i¥]
FAULT

METAL SHEATH —

= ORr
g CURRENT EARTH CONTINUITY
r_f % TRANSFORMER CONDUCTOR

l : TRIP COIL
o °
L CIRCUIT
= CIRCUIT =
BREAKER P o BREAKER
TRIP COIL T T T
3-WIRE 3-PHASE = 2-WIRE
SUPPLY EARTH SUPPLY
Fig. 17.26 Current-Operated Earth-Leakage Trip Fig.17.27 Voltage-Operated Earth-Leakage Trip

Voltage-operated earth leakage circuit breaker is suitable for use when the earth-loop impedance
exceeds the values applicable to fuses or excess-current circuit breaker or to current-operated earth-leakage
circuit breaker. Such an earth-leakage trip in a 2-wire circuit is shown in Fig. 17.27. When the voltage
between the earth continuity conductor (ECC) and earth electrode rises to a sufficient value, the trip coii will
carry the required current to trip the circuit breaker. With such a circuit breaker the earthing lead between the
trip-coil and the earth electrode must be insulated; in addition, the earth electrode must be placed outside the
resistance area of any other parallel earths which may exist.

In both the above types of ELCB the tripping operation may be tested by means of a finger-operated test
button which passes a predetermined current from the line wire through a high resistance to trip the coil and
thus to earth. This test operation should be performed regularly.

Both types of earth-leakage circuit breakers are arranged to work manually and may take the place of the
linked switch and fuses, or the excess-current circuit breaker.

17.5.6. Molded Case Circuit Breaker (MCCB). A molded case circuit breaker, abbreviated MCCB, is atype
of electrical protection device that can be used for a wide range of voltages, and frequencies of both 50 Hz and
60 Hz. The main distinctions between molded-case and miniature circuit breaker are that the MCCB can have
current ratings of up to 2,500 amperes, and its trip settings are normally adjustable. An additional difference
is that MCCBs tend to be much larger than MCBs. As with most types of circuit breakers, an MCCB has three
main functions:

e Protection against overload: Currents above the rated value that last longer than what is normal for

the application.
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to be used in both low-power and high-power applications.

Operating Mechanism. At its core, the protection mechanism
employed by MCCBs is based on the same physical principles used by
all types of thermal-magnetic circuit breakers. :

491

interrupted immediately,
?—wmjhmg acircutt on and off: Thjg ;s aless common funcgion of
cireuit breakers, but they can be used for that purpose if thege isp’
an adequate manual switch, Cre s e

Overload protection is accomplished by means of a thermal
mechanism. MCCBs have a bimetallic contact what expands ~ Fig.17.28 Molded Case Circuir
and contracts in response to changes in temperature. Under Breaker (MCCB)
normal operating conditions, the contact allows electric current through the MCCB. However, as
soon as the current exceeds the adjusted trip value, the contact will start to heat and expand until the
circuit is interrupted. The thermal protection against overload is designed with a time delay to allow
short duration overcurrent, which is a normal part of operation for many devices. However, any
overcurrent conditions that last more than what is normallly expected represent an overload, and the
St e equipment and personnel.

gjrﬁﬁ? Ol;'l:: Eg:g, tf(;lﬁi(;t:;t;g:ionqis zi:complish.ed with electromagnetic ?r‘adu{{tion, an_d thfe response
is instant. Fault currents should be interrupted immediately, no matter *'T their dt}_‘r?:j“}‘n is Sl;fm ")dr
long. Whenever a fault occurs, the extremely high current induces a mdgr(leElC ield in ztt S0 er;o;l
coil located inside the breaker — this magnetic mducnqn frips a contact ant c.urn{e;;t is 1g_er}"upt cd.
As a complement to the magnetic protection mechanism, MCCBs have internal arc dissipation

measures to facilitate interruption.

Asw & i i i witch which is used to trip the
i i CB includes a disconnection switc !
i ypes of circuit breakers, the M _ ol it e
breakei ml:i};:zlllllty Ie;siq {:zgd whenever the electric supply must be disconnected to carry out field w

4 maintenance of equipment upgrades.



