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Indian Standard

CODE OF PRACTICE FOR
THE SELECTION, INSTALLATION AND
MAINTENANCE OF SWITCHGEAR AND
CONTROLGEAR

PART il SELECTION

0. FOREWORD

0.1 This Indian Standard (Part II) was adopted by the Indian
Standards Institution on 3 March 1982, after the draft finalized by the
Code of Practice for Power Installation and Maintenance Sectional
Committee had been approved by the Electrotechnical Division Council.

0.2 The object of this standard ( Part I1) is to provide guidelines for the
selection of switchgear and controlgear and the associated auxiliary
equipment.

0.3 It has been generally felt that the requirements of the switchgear of
different voltage ratings can be conveniently covered in a single standard.
Keeping this in view, the Indian Standard IS:3072-1975* was brought
out to cover equipments for indoor and outdoor use. Equipment so
covered included circuit-breakers, isolators and other switches operating
on ac or dc. Separate Indian Standards had been formulated as
follows, for detailed codes of practices for fuses, ac induction motor
starters, high voltage ac circuit-breakers and other switches:

1S : 3106-1966 Code of practice for selection, installation and
maintenance of fuses ( voltage not exceeding 650 volts )

1S : 3914-1967 Code of practice for selection of ac induction motor
starters { voltage not exceeding 1000 volts )

IS : 5124-1969 Code of practice for installation and maintenance of
ac induction motor starters ( voltage not exceeding ! 000 V)

1S :5987-1970 Code of practice for selection of switches { voltage
noi exceeding 1000 V')

1S : 7987-1976 Guide for selection of high voltage ac circuit-breakers

*Code of practice for installation and maintenance of switchgear ( first revision }.
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0.4 This standard is being brought out with a view to presenting in a
cogent fashion, the codes of practice for the various types of switchgear
and controlgear used in electric power system, filling up the gaps
between these specifications, utilizing the Jatest in concepts introduced in
the product specifications.

0.5 This standard presents the subject product-wise, bringing out the
relevant good practices recommended for LT and HT applications
separately. This standard is being brought out in four parts, namely:

Part I General,

Part TI Selection,

Part TII Instaliation, and
Part IV Maintenance.

All these parts shall be read in conjunction with each other.

0.6 In the preparation of this standard, considerable assistance has been
derived from the information contained in the [ndian Standards listed
in 0.3. On publication of this standard (Parts I to IV ), the Indian
Standards in 0.3 would stand withdrawn.

0.7 During the preparation of various parts of this standard, the expert
Panel, responsible for the same, had kept in view the fact that the
standard could at best give guidance on the bulk of the equipment used
in the country and should be understood in the manner; that aspects
relating to selection, installation or maintenance of EHV equipment as
well as thouse intended for very special apolication would have to be
supplemented with additional data, not attempted by the present series.

0.8 For the purpose of deciding whether a particular requirement of this
stundard is complied with, the final value, observed or calculated,
expressing the result of a test, shall be rounded off in accordance with IS :
2-1960*. The number of significant places rerained in the rounded off
vajue should be the same as that of the specified value in this standard.

1. SCOPE

1.1 This standard ( Part 11} covers guidelines for selection of all types of
switchgear and controlgear for indoor and outdoor use.

1.2 The requirements provided here shall be read in conjunction with
those in Part I of this standard.

" *Rules for rounding off numerical values ( revised ).
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SECTION 1 GENERAL
2. GENERAL CRITERIA FOR SELECTION

2.0 The information collected on the nature of the installation and the
availability of equipment combined with the characteristics of the same as

conformine to the relevant Indian S

CULUI Ll Ans LU Uil FCiTVaiin aaujai n ndard shall guide optimum choice

1Qara sdidi gultGe Ypudiiuan Coicc.

2.1 The selection of equipment shall be based on criteria, such as the

£rimanes Al tha aniis - tarem m
iunction o1 tne cl.iuxl.uuei‘u, type of the equipment, enCIGSUrCS, d:...ens:ons,

rating and operational characteristics, type of duty envisaged and other
relevant considerations as listed in this standard.

NoTg — For the purposes of this standard, the term ‘equipment’ is used to
denote any type of switchgear or controlgear.

2.2 The service conditions for which an equipment is suitable are defined
in the respective product standards. These normally include ambient

tamneratiire cnndit A th i . H
temperature conditions and tne reference ambient temperature, ak,{ude,

atmospheric pressure, humidity, degree of tolerable pollution and such
other conditions under which the design of the equipment is expected to
guarantee the declared performance.

The actual service conditions at the location of installation of the
equipment shall be studied to assess any correction factors to be employed.
This should be of consideration while selecting the equipment. Guidance
on the same shall be obtained from the relevant Indian Standards or

from manufacturer’s instructions.

SECTION 2 SPECIFIC GUIDELINES FOR LOW
VOLTAGE EQUIPMENT

3. SPECIFIC GUIDELINES FOR SELECTION OF EQUIPMENT
FOR VOLTAGES UP TO AND INCLUDING 1000 V acor 1200
Vdc

3.1 Fuses

3.1.1 Function — A fuse in an electric circuit stands guard at all times
to protect the circuit and the equipment connected to it from damage
within the limits of its rating.

3.1.2 Classification — Fuses for low voltage application can be classified
according to the:

a) type of contacts of the fuse-link,

b) principle of replacement of the fuse-link,

¢) principle of operationr, and

d) degree of protection against contacts and influences.

=
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The broadly accepted classification is therefore:

. { reversible type
a) &j:vigaf)lfzeog%‘z?%;?’*) 4 m_)n-reversible t’ype, and
’ ( sliding type

. [ D-type
b) Cartridge type [ (7, I3 8187-19761)

with knife-blade contacts,
for bolted connection, and
with cylindrical caps

{J;?gkitsypegﬂ 4 J General purpose{ ggIII }, and
L ( Part I)-1979}] | Back-up fuse links ( aM)

Note | — The fuses should be used in each live conductor of the distribution
system. They should not be used in the neutral conductor or a conductor which is
always carthed while the system is live. The various points to be considered for the
selection of the appropriate type and rating of the fuse are explained further.

Note 2 — If protective devices are discriminative, then the fault is localized and
only the faulty portion is disconnected. The rewirable fuses do not offer reliable
discrimination. The fuse-elcment of the rewirable fuse is exposed to atmosphere; it
oxidizes with the time and, thercfore, it results in premature operation of the fuse.
Further its characteristics are casily affected by the fluctuation in the ambient
temperature or by the improper handling during instatlation. Due to the ageing
effects, the rewirable fuses cannot be calibrated accurately. artridge fuses, both
D-type and link-type, on the other hand, have definite characteristics.

3.1.3 Rating and Operational Characteristics

3.1.3.0 The selection of fuses, for voltages below 1 000 V, shall be in
respect of the parameters listed below:

a) Rated voltage;

b) Rated current and rated frequency, if applicable;
c) Breaking capacity;

d) Cut-off characteristics; and

e) Time-current characteristics.

Note — Type of Supply — The fuses are designed for ac or dec application or for
both. It is not necessary that the fuses designcd for ac should also be suitable for

use on dc systems or vice versa.

*Specification for carriers and bases used in rewirable type electric fuses up to 650
volts { revised ).

tSpecification for D-type fuses.

{Specification for low voltage fuses: Part I General requirements.
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3.1.3.1 Rated voltage — The rated voltage of the fuse should always be
equal to or higher than:

a) the voltage of the circuit in single-phase ac or 2-wire dc circuit;
ana

b) the line voltage or the voltage between the outer conductors, in
three-phase ac or 3-wire dc circuits.

NoTe | — When two or more phase circuits are in the same enclosure, it should
be considered as a three-phase system.

Nortx 2 — Fuses rated for a particular voltage can, however, be used on lower
voltage systems but care should be taken to check that the arc voliage grnerated by
the fuse during its opcration is not more than the system insulation capability.

Example :

When a 415 V fuse is to be used on a 60 V system, the
switching voltage shall not exceed the value corresponding to
the system voltage [ see 1S :9224 ( Part 1)-1979*]. This shall
be guaranteed by the manufacturer.

3.1.3.2 Rated current and rated frequency (for ac) — Since the
characteristics of fuses are related to the rated current, the selection of
appropriate rated current of a fuse for a particular installation will mainly
depend upon the fuse characteristics and the type of load (see 5.2.1).
Further, manufacturer should be consulied for any derating factor for
installation of the fuse unit at higher surrounding air temperature, also
taking into consideration the type of enclosure and the presence of any
other heat generating source in close vicinity of the fuse.

The rewirable fuses are standardized for rated currents up to 100 A,
but the link-type cartridge fuses are standardized for currents as high as
1 250 A. The fuse-links (fuse wire in case of rewirable fuses) are
available in a range of rated currents for flexibility of selection. On the
other hand only a few sizes of the fuse-bases and carriers are standardized,
each permitting the use of a number of fuse-links of different ratings.

Under certain circumstances, such as in cable distribution pillars of
electric supply undertakings, it may be preferable to select the fuse-base
of such a design which permits installation of fuse-links of maximum
number of ratings for the sake of flexibility. However, adequate care
shall be taken to ensure that during replacements, the correct ratings of
the fuse link be chosen.

The electrical apparatus and the connecting cables and wires have
specific thermal capacity to withstand overloads and short-circuit

*Specification for low voltage fuses : Part I General requirements.

7
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currents of certain duration. The fuses used for protection shall therefore
be so selected that they are rated to operate before the thermal capacity
limit of the electrical apparatus is reached. The manufacturer of the
apparatus shall state the maximum rating of the fuse that should not be
exceeded.

In the absence of any marking regarding rated frequency on ac
fuses, it implies that the fuse meets the conditions for frequencies between
45 and 62 Hz only,

3.1.3.3 Breaking capacity — The fuses used in a particular installation
should have a breaking capacity rating equal to or more than the
prospective short-circuit current at the point of installation. Therefore,
when calculating the prospective short-circuit current and the breaking
capacity rating of the fuses to be used, it is recommended that due
allowance should be made (or potential increase of the prospective short-
circuit current available as a result of the natural growth of the system or
installation.

Rewirable fuses up to 16 A rated current should not be used in
locations where short-circuit level exceeds 2 kA and those of higher
ratings should be used in such locations where the short-circuit level is
4 kA ( see 15 : 2086-1963* ). D-type or link-type cartridge fuses should
be used for higher breaking capacities. Cartridge fuses are now
available with breaking capacity exceeding 100 kA.

Breaking capacity of a fuse js expressed in modern times in kilo-
amperes (rms ) and is applicable for a given voltage. IS: 9224
( Part I1)-1979t specifies for industrial applications, a minimum
breaking capacity of 50 kA.

3.1.3.4 Time-current characteristics — For the sake of comparison of
two fuses, it may be necessary to compare the time-current characteristics
of the fuses { se¢e 5.2.1 ). This is a curve giving the virtual time ( for
example, pre-arcing time or operating time ) as a function of the
prospective breaking current under stated conditions of. operation.
Together with the cut-off characteristics and the I’t ( joule Integral)
characteristics, it gives a clear picture of the behaviour of the fuse under
a given condition. The standard zones of time-current characteristics
based on an ambient temperature of 27°C and on a maximum rated
voltage of 500 V ac are given in IS : 9224 (Part I1)-1979% for .ink type
cartridge fuses.

*Specification for carriers and bases used in rewirable type electric fuses up to
650 volts ( revised ).

tSpecification for low voltage fuses : Part II Supplementary requirements for fuses
with high breaking capacity for industrial applications ( superseding 15 : 2208 ).

8



1S : 10118 ( Part IT'} - 1982

General purpose fuse-links are those capable of breaking under
specified conditions all currents which cause melting of the fuse-element
up to its rated breaking capacity. The standard time-current zones and
the limits for general purpose fuse-links of rated currents of 100 A to
1000 A are identical to gl and gll.

Back-up fuse-links are those capable of breaking all currents between
the lowest current on its time-current characteristicts and its rated breaking
current. These are generally used to provide short-circuit protection.
Standard time current zones for back-up fuse-links are given in

1S : 9224 ( Part II )-1979%,

3.1.3.5 Cut-of characteristics — Cut-off characteristics give the cut-off
current as a function of the prospective breaking current under stated
conditions of operation. These represent the highest values of current
likely to be experienced in service. At high prospective short-circuit
currents, the fuses exhibit cut-off property for pre-arcing times less than
5 millisecond and thereby prevent the heavy short-circuit currents to
reach their crest value ( see Fig. 1 ). The rewirable type of fuses do not
possess this property. The cut-off property of the fuses 1s very helpful
since it protects the connected equipment {rom the thermal and dynamic
effects of heavy short-circuit currents which would have otherwise been
applied. The manufacturers should be contacted for the cut-off valves
of fuses of different ratings at various prospective short-circuit currents.

SHORT-CIRCUIT CURRENT
WITH DC COMPONENT

le LIMITED BY
FUSE

SYMME TRICAL /\\ f
SHORT- CIRCUIT CURRENT S
ty = Pre-arcing time
ty = Arcing time
Fic. 1 OscicLograM SHowing Cut-OFF

*Specification for low voltage fuses : Part TT Supplementary requirements for fus-s
with high breaking capacity for indusirial applications ( superseding 18 : 2208 ).

9
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Generally, the information is provided in the form of curves as
shown in Fig. 2. It should be noted that the cut-off current is expressed
in peak value. On the abscissa, the initial symmetrical prospective
current [ in kA ( rms) is plotted inthe logarithmicscale and the maximum
current peak I, in kA on the ordinate as an instantaneous value. The
influence of the dc component on the crest value in short-circuit paths is
seen from the straight lines running at an angle of 45°. The maximum
value of current ( crest value of the first half wave ) is represented by
the straight line belonging to the particular dc component.

To determine the peak current i, the ordinate should be drawn
over the value calculated for the initial symmetrical short-circuit current.
It always intersects the straight line of the dc component concerned, and
in most cases also that of the fuse. The value of the ordinate of this
point of intersection or the smaller value, if there are two points of
intersection, is the maximum peak current ¢, in kA.

In normal low voltage systems, a dc component up to approximately
50 percent may be expected. Within the range above the 0 percent line
in Fig. 2, that is, as soon as a dc component is present, current limitation
takes place even with pre-arcing times above 5 millisecond (up to 10
millisecond ). For dc, no general values can be laid down for the
current limitation, since in the event of a short-circuit, the inductance in
the particular system greatly affects the current rise. Similar values
apply under normal conditions also.

An example showing the cut-off property of fuses is given below :
Example :

Fuse-links of 200 A rated current are to be installed. Initial
symmetrical short-circuit current I =20 kA ( computed
rms value ) ( see Fig. 2 ).

dc component — 50 percent ( assumed value )

Without fuses : Current peak — 40 kA ( the ordinate I =20 kA
intersects the 50 percent line at point A )

With fuses  : Limited current peak = 145 kA (the ordinate
I = 20 kA intersects the characteristic line of the
200 A fuse at point B ).

3.2 Switches

3.2.1 Function — The basic function of a switch is to connect or isolate
or select a circuit, The fuses in the composite unit of switches and fuses,
additionally serve to protect the equipment connected in the circuit
mainly against short-circuit.

10
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3.2.2 Classification

3.2.2.1 According to the method of operation of manually operated
equipment, switches are classified as having:

a) Dependent manual operation [s¢ 21.5.3 of 1IS:4064
(Part1)-1978*%]

b) Independent manual operation [see 2.1.5.5 of IS : 4064
( Part 1)-1978% ]

*Specification for air break switches, air-break disconnectors, air-break switch-
disconneciors and fuse combination uniis for voltages not exceeding 1000 V ac or
1200 V dc: Part 1 General requirements ( first revision ).
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3.2.2.2 According to the degree of protection provided by the
enclosure, distinction is made in accordance with IS : 2147-19002%,

3.2.2.3 The type of cequipment can also be characterized by the
following:
a) Number of poles,
b) Number of positions ( if more than two ), and
¢) Kind of current ( ac or dc) and in the case of ac number of
phases and rated frequency.

3.2.2.4 Switches are also further categorized depending on the
severity of the duty, they can withstand, namely, the utilisation category,
and as detailed in IS : 4004 ( Part 1 )-1978%.

Nore — Control switches, which serve the purpose of controlling the operation
of switchgear or controlgear include manual control switches, electromagnetically
op rated control switches and pilot switches,

3.2.3 Rating and Operational Characteristics

3.2.3.0 The selection of switches shall be based on the parameters
indicated below:

a) Utilisation category,

b) frequency of operation,

¢) Rated voltages,

d) Rated currents,

e) Making and breaking capacities, and

f) Number of poles.

3.2.3.1 Utilisation categiry — The utilisation categoriesof switches have

been specified and defined in the following standards:

a) Switches [ sec IS : 4054 (Part 1) -19781 ],

b) Disconnectors and switch disconnectors [ see IS : 4064 ( Part 1) -
1978t ], and

*Specification for degrees of protection provided by enclosures for low-voltage
swirchgtar and controlgear,

tSpecification  for air-break switches, air-br2ak disconnectors, aic-break switch-
disi ounectors and fuse combination units for voltages not exceeding 1000 V ac or 1200
V de:  Part I General requirements ( first revision ).

12
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c) Switches for motor duty [ see IS : 4064 ( Part 11)-1978* ].

The switches should be selected to suit the duty they are required
to perform.

3.2.3.2 Freguency of operation — Isolators and switches covered in 1S:
4064 ( Part 1 )-1978% are designed for normally, operation once in a whife.
In case of very {requent operation, either motor control switches covered
by 1S:4064 (Part II1)-1978* shall be used or the manufacturer
consulted.

3.2.3.3 Rated voltage — An equipment is defined by the following:

a) Rated operational voltage ( U. ), and
b) Rated insulation voltage ( U, ).

The rated voltage of the switch shall be so selected as to suit the
rated operational voltage of the system in which it will be used.

3.2.3.4 Rated currenis — An equipment is defined by the f{ollowing
rated currents [ see 4.3.2 of 1S : 4064 ( Part 1)-19787 J:

a) Rated thermal current (Ip ), and

b) Rated operational current ( I ).

While deciding the rated operational current of the switciy, both the
making and breaking capacity (ses 3.2,3.5) and the temperature-rise
permissible shall be borne in mind.

3.2.3.5 Matking and breaking capacity — With respect to making and
breaking capacities the switches are classified according to the utilization
category given in the relevant ISS.

Where switches are used for direct control of motors [ se¢ 5.1.2.3
(a) ], the making and breaking capacity should correspond to those
specified in IS : 4064 ( Part 11 )-1978*.

3.2.3.6 It is very essential to keep the making and breaking capacity
in mind while selecting the units as has been explained in 5.

*Specification for air-break switches, air-break disconnectors, air-break switch-
disconncciors and fuse combination units for voltages not cxceeding 1000 V ac or 1200
V de: Part 11 Specific requirements for the direct switching of individual motors ( first
revision ).

4Specification for air-break switches. air break disconnectors, air-break switch-
disconnectors and fuse.combination units for voitages not exceeding 1000 V ac or
1200 V dc:  Part I General requirements ( first revision ).
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3.2.3.7 Short-circuit ratino — It is im mportant to select a switch of

sufficient capacity dependmg upon the prospective value of the fault
current expected at the point of installation, and the factors given below:

aN OL. 2 22 o oL s ans a2 P S S |
a) Onore Lime witnsiana oapaou_y — J.ﬂc letLllCS snouia UC UI sunlcwnt

capacity to withstand the thermal and dynamic effects of short
circuit current. While deciding the withstand capacity, one
should take due consideration of the protective device used in
series with the switches for the protection against short circuit,
that is, the tripping time of the circuit breakers, the operating

time of the fuses and their cut-off characteristics, if any.

b) Short-current making capacity — For certain application, it may be
unavoidable that switches ( never disconnector ) are closed on an
existing fault. In such cases, it should be ensured that switches
have sufficient making capacity so that they do not get damaged
before the fault is cleared by the protective device installed in
series.

Note — Neither isolators nor switches are intended to break the circuits on
short circuit. No short-circuit breaking capacity is assigned to them.

3.2.4 Combination Units of Switches and Fuses — See 1S : 4064 ( Part I )-
1978*

3.2.4.1 Arrangement of swilches and fuses — The composite unit of
switches and fuses may have the fuses either incorporated on the moving
member of the switch or installed separately. In the former case, the
composite units are termed as ‘fuse switch’ and in the latter case as
‘switch-fuse’. These terms are only by way of differentiation although
there is no difference in their performance, requirements, tests, etc, as
laid down in the corresponding Indian Standards.

It is possible to have different rating for the switch and fuse in a
combination unit. However, excepting under special conditions, the
rating of the fuse should not exceed the rating of the switch.

3.2.4.2 Fuse combination units are characterised by the rated fused
short-circuit current [ see IS : 4064 (Part I )-1978* ]
3 Circuit Breakers — See IS : 2516 ( Parts I and IY/Sec 1 )-19771.

3.3.1 Function — The basic function of a circuit-breaker is to protect the
circuit and the equipment connected to it, make carry and break the

circull ang the SRSt LOAASEAL Cay

*Specification for air-break switches, air-break disconnectors, air-break switch-
disconnectors_and fuse-combination units for voltages not exceeding 1000 Vac or
1200 V dc: Part I General requir ts ( first revision ),

{Specification for alternating current circuit-breakers: Parts I and II Requirements
aud tests, Section 1 Voltages not exceeding 1000 V ac or 1200 V dc ( first revision ).
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rated current satisfactorily at the rated voltage, as well as at abnormal
system conditions. It shall also be capable of making on to fault up to
its rated making capacity and breaking any short circuit up to its rated
breaking capacity without any difficulty.

3.3.2 Classification— According to the method of control of the closing
operation, circuit breakers are designated as having:

a) dependent manual closing,

b) independent manual closing,
c) dependent power closing, and
d) stored energy closing.

According to the interrupting medium, they are divided into:
a) air-break, and
b) oil immersed break.

According to the degree of protection provided by the enclosure
distinction is made in accordance with I8 : 2147-1962*.

The type of equipment is also further characterized by:

a) number of poles,

b) kind of current,

c) method of closing,

d) method of opening, and

e) provision for maintenance.

Note — Circuit breakers are also classified depending on their short-circuit
performance category.

3.3.3 Rating and Operational Characleristics

3.3.3.0 The selection of circuit breaker shall be made based on the
parameters given below:

a) Rated voltages,

b) Rated currents,

¢) Rated frequency,

d) Rated short-circuit making and breaking capacities,
f) Rated short-time withstand current, and

g) Short-circuit performance categories.

*Specification- for degrees of protection provided by enclosurer for low-voltage
switchgear and controlgear.
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The characteristics of the circuit breaker also includes:

aj control circuits and air supply systems,
b) types and characteristics of releases, and

¢) characteristics of auxiliary switches.

3.3.3.1 Rated voltages — A circuit breaker is defined by the following
rated voliages [ see 4.3.1 of IS : 2316 (Parts I and LLiSec 1 )-1977* }:

a) Rated operational voltage ( U, ), and

b) Rated insulation voltage ( U; ).

The rated voltage of the circuit breaker shall be so selected as to
suit the rated operational voltage of the system in which it will be used.

3.3.3.2 Rated currents — A circuit breaker is defined by the following
rated currents [ see 4.3.2 of IS : 2516 (Parts I and [[/Sec 1 )-1977+}:

a) Rated thermal current { Iy ), and

b) Rated uninterrupted current ( 1, ).

3.3.3.3 Rated frequ-ncy — The rated frequency of the equipment shall
be so chosen as to suit the service frequency.

3.3.3.4 Rated short=gircuit making and breaking capacities — The assigned
values of short-circuit making and breaking capacities imply that the
equipment is capable of making and breaking the current up to and
including the rated capacity at an applied voltage and recovery voltage
respectively, corresponding to 110 percent of the rated operational voltage.

3.3.3.5 Short-circuit performance categnry — The shoct-circuit performance
category of the equipment states the rated operating sequence and the
condition of the circuit-breaker after performing this sequence at the rated
short-circuit making and breaking capacities. For the same circuit-breaker,
the values ol the rated short-circuit breaking and corresponding making
capacities may be different for different short-circuit performance
categories.

*Specification lor alternating current circuit-breakers:  Parts I and II Requirements
and tests, Section 1 Voltages not exceeding 1 000 V ac or 1200 V dc ( first revision ).
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3.3.3.6 The following characteristics should also be considered while
selecting the circuit-breaker:

a) For control circuits — Rated control supply voltage and
kind of current

b) For air-supply systems — Rated pressure and its limits and
volumes of air at atmospheric

pressure required for each closing
and each opening operation

¢) For shunt release and — Rated voitage and kind of current
under voltage release

d) For over-current release — Rated thermal current, kind of
current and range of seutings

e) For auxiliary switches — Asin IS : 6875 ( Part 1)-1973*.
3.4 Motor Starters

3.4.1 Function — The motor starter comprises the main switching devices
together with protective devices and the control and auxiliaty devices,
such as, push buttons, limit switches and pilot Jamps.

A motor starter has the following functions to perform:

a) Start and stop the motor. This is the fundamental job of every
starter. It shall be capable of switching the motor ON and OFF
the line repeatedly, safely, quickly and dependably;

b} Limit motor inrush current, where necessary. Thiz may be
achieved by actual reduction of voltage at motor termin:ls;
gernpg;-arv reconnection of stator winding; connecting resistance

in the rotor circuit either temporarily or permanemly or by
other suitable means;

¢) Permit automatic control when required;
d) Protect motor and other connected equipment; and

e) Under voltage protection { if required }.

3.4.2 Classtfication
3.4.2.1 The following are the main types of motor starters in use:

a) Direct-on-line starters [ see IS : 8544 ( Part I )-1977% ].

*Specificasicn for control switches ( switching devices for control and auxiliary
circuits mcludmg contractor relavs) for volrag's up to and iucluding 1000 V ac and

PR VAV U § S . PRI Jp ey 1 o
14UU Vv ac: Pari I ucnt ral requIircmenis and iests.

$Specification for motor starters for voltages not cxceeding | 000 V: Part I Direct-on-
line ac starters.

17
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b) Reduced voltage starters [ Star-delta starters [ see IS : 8544
| (Part I1)-1977+]

Auto-transformer starters [ see
[ IS : 8544 ( Part IV )-1979¢t ]
c) Rheostatic rotor starters | see IS : 8544 ( Part III/Sec 2)-1979% ]

3.4.2.2 These types of starters are further classified as follows:
a) According to the method of control:

1) automatic ( by pilot switch or sequence control );
2) non-automatic ( by hand-operation, push-buttons, etc);
b) According to the method of operation:
1) manual;
2) electromagnetic;
3) motor-operated;
4) pneumatic; and
5) electro pneumatic.
¢} According to the interrupting medium:
1) air-break; and
2) oil-immersed break.
d) According to the degree of protection provided by enclosures as
in IS : 2147-19628.

3.4.2.3 Star-delta starters in addition to 3.4.2.2 are further classified
depending on the method of change-over from star to delta, as follows:

a) Automatic changeover — Controlled by a timer or by
under current relays, and

b) Non-automatic changeover — Controlled by hand or by push-
buitons.

*Specification for motor starters for voltages not exceeding 1060 V: Part II Star
delta starters.

tSpecification for motor starters for voltages not excecding 1000 V: Part IV
Reduced voltage ac starters; two-step auto transformer starters,

tSpecification for motor starters for voltages not excecding 1000 V: Part 11l
Rheostatic rotor starters, Section 2 Additional requirements for ac rheostatic rotor
controllers.

§Specification for degrees of protection provided by enclosures for low-voltage
Mwitchgear and controlgear.
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3.4.2.4 Auto-transformer starters in addition to 3.4.2.2 are further
classified:

a) According to method of changing from the starting position tc
the FULL ON position:

1) automatic changeover — Controlled by a timer or by
under current relays
9

2) non-automatic changeover — Controlled by hand or by push
button.
b) According to the method of connecting the auto-transformer:

1) open transition starters; and
2) closed transition starters.

¢) According to the method of cooling the auto-transformer:

1) air-cooled by connection, and
2) cooled by immersion in oil.

3.4.2.5 Rheostatic rotor starters, in addition to 3.4.2.2 are further
classified as follows:

a) According to the method of changing starting steps:

1) automaic changeover — Controlled by a timer by an
under current relays

2) noun-automatic changecver — Controlled by hand by push-
buttons.
3) semi-automatic changeover.

b) According to the means of cooling of resistors:

1) cooled by connection,
2) cooled by forced air, and
3) cooled by immersion in oil.
3.4.2.6 The following feautures of the swiiching device in the main
circuit shall also be considercd whiie selecting the equipment:
a) number ol poles;
b) interrupting medium ( air, ¢il, 10 };

¢) method of operation [for examyte, dependent soanual
operation, dependent power oparation { contactor ), stored energy
operation, ete }; and

RS

d) rated values.
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3.4.2.7 The starter may be provided with one or more of the
following relays or releases. Some of these types requires consultation
between the manufacturer and the user while selecting the equipment:

a) Release with shunt coil (shunt trip ),

b) Overload time-delay relay (which may be dependent or
independent of previous load ),

c) Under voltage opening relay or release,

d) Instantaneous overcurrent relay or release, and

e) Other relays or releases.

The types and characteristics of automatic changeover devices for

star-delta type starters would also have a bearing on selection. These
are:

a) timers ( for example, specified time all-or-nothing relays ), and

b) under current relays.

3.4.3 Rating and Operational Characteristics

3.4.3.0 The selection or motor starters shall be based on the
parameters given below:

a) Rated voltages,

b) Rated currents,

¢) Rated frequency,

d) Inrush current criteria and overload settings,
e) Making and bearing capacity,

f) Utilization category,

g) Frequency of operation,

h) Number and type of auxiliary contact, and

k) Co-ordination with short-circuit protective devices ( sec 5.2.4.1).

3.4.3.1 Rated voltage and frequency

a) A starter may have different rated voltages corresponding to
those of main circuit { rated operational voltage ( U. ; and rated
insulation voltage ( Ui ) ], control circuit and auxiliary circuit.
Further, the making and breaking capacities of the main and
auxiliary contacts are stated at different rated voltages.

20
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o
~

The control circuit voltage has extra significance in defining:

1) the limits of voltage in which the starter shall close positively,
and

alrivi
2) the drop-off voltage.
n accordance with IS :2959-1975% 'nd 1S :8544 (Part 1)

- =7
19771, the contactors and starters shall close positively between
85 to 110 percent of the rated control »oltage Thuq, if there is
a starter for the rated coil voitage of 415 V, it should positively
close between 353 to 456 V. 1In case a 415 V starter is used for

400 V the limits available to take care of the voltage fluctuations

(3]
S
bt

would be:
393 88'2 percent and 456 114 percent
400 400

d) The standard starters with ac coils are designed for operation on
supply with a trequency ot oU hHz.
NoTr — If the coil of the starter has to be used on any frequency other
than 50 Hz, the manufacturer of the starter should be consulted.
¢) When exceptionally quiet operation is required or other system
conditions necessitate, ac contactors or starters may be provided
with dc coils.

3.4.3.2 Rated currents

a) Unlike other products, the term ‘rated current’ that is, the
maximum current with which the starter may be Joaded
continuously without the temperature-rise of the equipment
exceeding the maximum permissible limits, generally does not

prove eufficient to brine out r‘pnrly all ghn canabilities of the

SUIRICICAL 0 PIdy LUt Lkall 41 1118 paitinliices QL il

starters. It is, also necessary to consider the type of duty cycle,

‘To make the matter clear, the value of current which fixes
the temperature-rise is known as rated thermal current ( f;, ) and
is based on the standard { 8 hours) duty. On the other hand,

AL arananrie 2w tavie Al wrhiah rtha maaleieen el

1\..A,\I._.a~
IlC leuc Or Current ini E€riTIS O1 Wilicn Ine lllal\llls ana UlLdl\llls

capacity is specified is known as rated operational current ( I ).
b) For uninterrupted duty, a starter may have to be derated for Iy,

In case of starters with silver contacts, which do not require
self-cleaning, there is generally no derating necessary for
uninterrupted duty. High ambient temperature shall, however,
be considered and derating factors obtained from the
manufacturers.

*Specification for contactors for valtages not excecding 1000 V ac or 1200 V dc.

{ Frst yavicion)
{ first revicion ).

+Specification for motor starters for voltages not exceeding 1 000 Vi Part I Dircct-
on-line ac starters.
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3.4.3.3 Inrush-current criteria — While starting a motor direct-on-line,
it draws a heavy inrush-current from the supply system. This may cause
voltage drop likely to interfere with other equipment on the system.
Further from the point of view of load connected, it may become
necessary to make the staiting smooth., In case of the above two
conditions, it would be necessary to limit the inrush current particularly
for bigger capacity motors. The starters which connect the motor
directly across the lines are called direct-on-line starters and those
employing current limitation for squirrel cage induction motors are
generally star-delta, primary resistance, reactor or auto-transformer type.

Note — There are usually limitations on direct-on-line starting of motors. The
maximum rating of motor for direct-on-line starting varies from place to place and
should be ascertained from the distribution authorities,

3.4.3.4 Making and breaking capacity and utilization category

a) The making and breaking capacity of a starter depends on the
voltage, frequency and the type of the load. AC motor starters
have been classified into two categories with typical applications
as given in Table 1 of IS : 8544 ( Part I )-1977%.

Note — The requirements and test conditions for making and breaking
capacity of starters of these categories have aiso been specified therein.

b) Table 2 of IS: 8544 (Part I)-1977* prescribe conditions and
requirements for making and breaking capacities of motor
starters corresponding to different utilization categories, and also
details of the conditions and requirements for normal load
operation of motor starters corresponding to different utilization
categories. These should be referred to for selection of a starter
for any particular utilization category.

c) A starter may even be uprated for operational current, for
example, AC,; category starter may be used at higher operational
current while performing AC, duty provided the value does not
exceed the rated thermal current ( I;n ). Similarly, such starters
may have to be derated while performing AC, duty.

d) Making and breaking capacity and the rated thermal current
are two different things altogether and both shall be taken into
consideration for selecting a suitable starter. If a starter has a
rated thermal current of 10A, it is not at all necessary that it
may start a motor also rated for 10A. It also depends upon
its making capacity, which shall be at least 60A ( six times full
load current ) to start the motor direct-on-line rated for 10A.

®Specification for motor starters for voltages not exceeding 1000 V: Part I Direct-
on-line ac starters.
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3.4.3.5 Frequency of operation

a) In the relevant ISS, the starters are classified according to
different intermittent duty ratings also.

b) For certain devices, such as machine tools and rolling mills, a
starter may have to operate very frequently. Such an operation
has the following effects:

1) Greater mechanical wear and tear,

2) Higher breaking capacity requirements,
3) Higher temperature-rise, and

4) Reduction in the life of contacts.

¢) It is not only important to know the number of operations per
hour, but also the period in each cycle for which the starter
remains closed and open. This is determined from the following
expression:

Switching-in period

On-load Factor = Total period per cycle

x 100

Thus, for example, a starter carrying 100 A for 4 minutes in every
10 minutes shall be termed as:

¢ Intermittent duty 100 A, 4 minutes/10 minutes’ or

‘ Intermittent duty 100 A, 6 operations per hour, 40 percent’ ( see

Fig. 3).
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d) If the frequency of operation is very rapid, such as in inching,
the starters open even before the starting inrush currents have
died down, with the result that unlike ordinary operations, the
starters have to break even higher currents.

3.5 Factory Built Assemblies of Switchgear and Controlgear —
Under consideration.

SECTION 3 SPECIFIC GUIDELINES FOR HIGH
VOLTAGE EQUIPMENT

4, SPECIFIC GUIDELINES FOR SELECTION OF EQUIPMENT
FOR VOLTAGES ABOVE 10060 V

4.1 Fuses
4.1.1 Function — The provisions given in 3.1.1 shall apply.
4.1.2 Classification

4.1.2.1 The following are the two main types of fuses for system
voltages above 1 000 V:

a) Current limiting fuses general purpose
[ see IS : 9385 ( Part I )-1979* ] back-up

b) Expulsion and similar fuses { Class 1
[ see 1S : 9385 ( Part 11 )-1980% ] Class 2

4.1.3 Rating and Operational Characteristics

4.1.3.0 The selection of fuses for voltages above | 000 V shall be
made based on the parameters given below:

a) Rated voltage,
b) Rated current,
c) Rated insulation level, and

d) Class of fuse.

4.1.3.1 Specific guidelines on the choice and application of high
voltage fuses are provided in IS : 9385 ( Part III )-1980%.

*Specification for high voltage fuses: Part I Current limiting fuses.
+Specification for high voltage fuses: Part Il Expulsion and similar fuses.

}Specification for high voltage fuses: Part III Application guide for high voltage
fuses,
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4.1.4 Notes on Circuit Protection

4.1.4.0 Circuits to be protected may be divided into two general
classes, steady load circuits and fluctuating load circuits,

4.1.4.1 Steady load circuits — Circuits with loads which do not
fluctuate much above normal value may be called ‘ steady load ’ circuits.

If, as often happens, fuses are the only protection in a steady load
circuit, their rated currenc would be the standard value, equal to or the
next higher than that of the circuit or of the apparatus, whichever is
smaller. 1f other over-current protection is provided, or if discrimination
is required, a fuse of still greater rated current may be permissible or
necessary.

4.1.4.2 Fluctuating load circuits — Circuits with loads which may
fluctuate to peaks of comparatively short duration above normal value,
for example, motor circuits, capacitor circuits and transformer circuits,
all of which are subject to a switching transients, may be called
¢ fluctuating load circuits .

For fluctuating-load circuits, the fuses should have time current
characteristics such as to allow the transient over-current to be carried
without operation. For this purpose it is usually necessary to select fuses
of a rated current greater than that of the circuit.

a) Motor circuits — Fuses for service on motor circuits should be
carefully selected to ensure freedom from unwanted operation
on starting and, at the same time, to avoid deterioration due tc
frequent starts with currents greater than the rated current of
the fuse but less than the fusing current corresponding to the
-duration of the switching-in peak.

b) Capacitor circuits — It is essential that fuses shall not be blown by
the inrush current which flows when a capacitor is switched in.
It is accordingly desirable to obtain a definite recommendation
from the fuse manufacturer as to the current rating of the fuse.

c) Transformer circuits — The following factors, where appropriate,
should be taken into consideration in choosing the current rating
of the fuse in the choice of primary circuits of transformers:

1) The inrush current (the inrush current as a proportion of
full-load current, tends to decrease with increase in
transformer rating );

2) Overload currents to be carried by the transformer;

3) Discrimination with fuses or relays in the secondary circuit,
bearing in mind that such protection is usually required to
operate without blowing the primary fuse;
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4) The desirability, on overhead systems, of reducing the risk of
fuses being blown as a result of lightning over-voltages;

5) The necessity of operating sufficiently fast for phase-to-earth
faults in the transformer secondary terminal zone; and

6) Discrimination with fuse or other over-current protective
devices nearer to the supply source.

4.1.4.3 Discrimination — The following sub-clauses set out the
principles on which correct discrimination in operation between fuses and
fuses oc between fuses and other over current protective devices depends.
In view of the many variables involved in predicting discrimination it is
recommended that the assistance of the manufacturer should be sought
in the form of specific information on discrimination.

PRE -ARCING TIME

\A%: B
A
LOAD JA LOAD \‘\
\‘\\ FAULY
B FAULY
L_ A (1) (2}

PROSPECTIVE CURRENT

Fic. 4 TvrpicaL TiMe/CURRENT CHARACTERISTICS OF CURRENT

LiMITING Fuses oF DIFFERENT CURRENT RATINGS

a) Discrimination  between  fuses — Discrimination  occurs  when

the fuse or fuses nearest to a fault operate, leaving all other
fuses in the circuit unimpaired. Since discrimination is required
at any current up to the maximum fault levei of the system, it is
necessary that the time current charactenstics of any fuse 4
must lie, throughout its length, below that of any fuse B nearer
to the supply point, as shown in Fig. 4. Where fuses are used on
the primary and secondary sides of a transformer, the current
ratio should be taken into account.

Discrimination can be relied upon under these conditions,
however, only when the arcing time of fuse 4 is small compared

with its pre-arcing time.
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The first important factor for discrimination is pre-2rcing
time; in the second place it shall be noted thar an alteration in
the temperature of the fuses gives them time current charac-
teristics different from the type test values; and in the third place
it shall also be noted that the time current characteristics may
differ from the type test values according to circuit conditions
(for example, asymmetry and power factor) at the time of
operation.

On short-circuit, since the pre-arcing time js short,
discrimination cannot be predicted from pre-arcing time current
characteristics. This is because the arcing time becomes a higher
proportion of the total operating time, with the result thar the
current during the arcing time of the smaller fuse may cause the
larger fuse to operate. Information on arcing time may be used
to prepare curves of virtual tota! operating time to assist in
predicting discrimination. An alternative method of predicting
discrimination is to compare the operating joule integral of the
smaller fuse with the pre-arcing joule integral of the [arger fuse.

Figure 5 shows generally the difference in form between
the time current characteristics of expulsion fuses and those of
current limiting fuses, and when, those apply, a wide divergence

; SUPPLY
c
Loapyp
FAULT
D
c

PROSPECTIVE CURRENT
D = Expulsion fuse
C == Current limiting fuse

5 TyricaL TIME/CURRENT CHARACTERISTICS OF A CURRENT-
LiviTinGg Fuse AND AN Expursion Fuse
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of current rating is necessary. The characteristics of the fuses
selected should be widely separated at small currents, in order
that they shall not cross at larger currents.

b) Discrimination between fuses and other over-current protective devices —
The general use of fuses with other over-current protective
devices is for back-up protection; that is to say, the other device
is required to clear the lower values of fault-current through the
normal operation of its automatic trips, and only at currents
above some predetermined value is the fuse required to take over
the protection of circuit. It is, therefore, necessary that the time
current characteristics of the fuse and of the other devices shall
cross at the desired value of current. This promotes continuity
of supply by allowing operation of the fuses only with electrical
faults and minimizes the possibility in three-phase circuits of
single-phasing, such as may be caused by the operation of a fuse
in one phase only.

Figure 6 shows a typical time current characteristic for a fuse
and some other devices, T being the take-over point. At currents
above T there remains the possibility that although the fuse
interrupts the circuit, the current it passes may, by its magnetic
or thermal effects, damage the other device; therefore, quite
apart from any question of breaking-capacity, the back-up fuses
should have a small cut-off current. It is desirable that the
other device should have an adequate short-time current rating.

The take-over point should be 2t a current slightly less than
the breaking capacity of the other device but 1o avoid
unnecessary operation of the fuses by any currents that can be
safely interrupted by the other device, it is necessary to ensure
that the take-over point is not unduly low.

In addition, the maximum cut-off current of the fuse,
whether under symmetrical or asymmetrical conditions, must be
within the making capacity of the other device. To ensure this,
it may be necessary to use a fuse of lower current rating than
would be required by other considerations.

Where the breaking capacity of a motor starting device
does not greatly exceed the starting current of the motor, close
co-ordination between fuse and over current relay is necessary
to ensure adequate protection, However, in selecting an
appropriate fuse rating, an ample margin must be allowed
against repetitive motor starting surge currents in order to guard
against possible fuse ageing and it is usually advisable to seek the
fuse manufacturer's guidance. For this application, actual
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current rating is of secondary importance compared with the
ability of a given fuse to withstand stated motor surge conditions
and the aim should be rather to select a fuse having the lowest
values of cut-off current and total It for a given motor starting
ability.

E 1s felated to total

operating-time SUPPLY
F is related to opening time

(see relevant {S for
circuit breakers)
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E = Other over-current protective device
F = Fuse
I'g. 6 TypricAL TiME/CURRENT CHARACTERIST'CS OF A CURRENT

LimrTine Fuse AND ANOTHER Ovir-CURRENT DEevice

4.2 Switches
4.2.1 Functicn -- T'he provisions given in 3.2.1 shall apply.

4.2.2 Classification — There cxists a large variety of switches ( isolators)
whicli may be grouped broadly as indoor type and outdoor type and
further classified as follows:

a) Air break/oil break/gas,
b) On-load or off-load,
¢) Single-pole or three-pole,
d) Individual operated or group operated,
e) Operating mechanism:
1) Manual,
2) Pneumatic, and
3) Electrical.
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y

g) Type of mounting:
1) Horizontal upright, and
2) Vertical.

h) Type of break:

1) Horizontal,

2) Vertical, and

3) Paniograph.

}) Number of breaks per pole.

4.2.3 Rating and Operational Characteristics

4.2.3.0 Selection of switches for voitages above 1000
made based on the parameters listed below:

a) Rated voltage:
b) Rated frequency;

ac shail be

c) Rated current, current carrying capacity under site conditions;

d) Rated breaking current;
e) Basic insulation level;

f) Rated peak short-circuit current;

k) ) ing
k) Making
m) Rated pressure of compressed air/gas supply;
n) Accessories required; and

) Visual discharge voltage.

Nore —Ttems {7, (h), (n) and {p) are normally required to be considered

for voltages above 132 kV for which the user should consult the manufacturer.

4.3 Circuit Breakers

4.3.1 Function — The provisions of 3.3.1 shall apply.

4.3.2 Classification — The provisions of 4.2.2 shall apply, except (g) and

(h) therein.

3
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4.3.3 Rating and Operational Characteristics

4.3.3.0 The selection of circuit breakers for voltages above 1 000 V
hall be made based on the parameters given below:

a) Rated voltage,

b) Rated insulation level,

c). Rated frequency,

d) Rated normal current,

e) Rated short-circuit breaking current,
f) Rated transient recovery voltage,

g) Out-of-phase characteristics,

h) Rated operating sequence,

j) Rated duration of short-circuit,

k) Rated line-charging cable-charging and single capacitor bank
breaking currents,

m) Rated small inductive breaking current,
n) Overvoltage factors, and

p) Reclosing requirements.

Nore— The purcuaser should furaish full particulars of the auxiliary
egnipment, such as rcactors, transformers, «te, which mav b~ us-d in conjunction
with the circuit-breakoer insiallation for the information of the manulacturer.

4.3.3.1 Selection of rated volicge

a) The rated voltage of the circuit-breaker should be chosen so as
to be at least equal to the highest voltage ofthe system at the
point where the circuit-breaker is 1o be installed.

Notr - The variations on declared value of high voltage and extra high voltage
systerns poomitted by the Tndlian Electricicy. Rules at present may conflict withc dhe
variations of th: s:pply voltage taken into account while designing the circuit-
breakers in accordance with the relevant Indian Standards on circuit-breakers. This
fact should be horne in mind whede sclecting the rat :d voltage of ac circuit-breakers.

b) The rated voltage of a circuit-breaker shall be selected {rom the
standard values given in I3 :25i6 (Part Il/Sec 2)-1480*,
Preferred combinations of rated voltage, rated short-circuit
current and rated normal current are also given tharein. The

*Spec.fication for sliernaling circuitshreakers: Part 11 Rating, Section 2 For
roltages above 1 000 V ac ( first revasion :
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insulation level specified in Tables 1 to 3 of IS : 2516 ( Part I1/
Sec 2)-1980* should also be taken into account in the selection
of the rated voltage,

c) The rated voltages given in IS : 2516 ( Part 11;Sec 2 }-1980* are
voltages between lines.

4.3.3.2 Selection of rated insulation level

a) This standard applies. in principle to circuit-breakers both in
exposed and non-exposed installations, but the test voltage values
for circuit-breakers in non-exposed installations are under
consideration.

b) The rated insulation level of a circuit-breaker shall be selected
from Tables 1 to 3 of IS :2516 ( Part II/Sec 2)-1980%. The
values in these standards apply to both indoor and outdor
circuit-breakers in exposed installations. For the choice between
the different insulation levels corresponding to a given rated
voltage, reference shall be made 10 IS : 3716-1978+. It shall be
specified in the enquiry whether the circuit-breaker is to be of
indoor or outdoor type.

¢) The insulation co-ordination in an electrical system serves to
minimize damage to the electrical equipment due to overvoltages
and tends to confine flashovers ( when these cannot be economi-
cally avoided ) to points where they should cause damage to
economically and operationally acceptable level.

d) Precautions should be taken to limit the overvoltages on the
terminals of the circuit-breaker te stated values below the
insulation level. The choice of specifying the values to which
the lightning overvoltages should be limited is referred to in
IS : 3716-1978¢.

e; Where a circuit-breakeris required for a position necessitating a
higher insulation level, this shall be specified in the enquiry.

NotE — If circuit-breakers having reduced insulation are to be installed where
they may be used for synchronization, an increase of the value of power-frequency
withstand voltage across the open circuit-breakcr may be necessary.

4.3.3.3 Rated frequency — The manufacturer should be consulted if a
circuit-breaker is to be used at any frequency other than its rated
frequency.

*Specification for alternating circuit-breakers: Part II Rating, Section 2 For
voltages above 1000 V ac ( first revision ).

tApplication guide for insulation co-ordination (first revision ).

32



IS : 10118 ( Part MI ) - 1982
4.3.3.4 Sclection of rated narmal current

a) The rated normal current of a circuit-breaker shall be selected
from the standard values given in 7 of IS : 2516 ( Part 11/Sec 2 )-
1980*. Preferred combinations of rated normal current, rated
voltage and rated short-circuit current are given in 23 of
IS : 2516 ( Part 1I/Sec 2 )-1980*.

b) It should be noted that circuit-breakers have no specified
continuous overcurrent capability. When selecting a circuit-
breaker, therefore, rated normal current should be such as to
make it suitable for any load current that may occur in service.
Where overcurrents are expected the manufacturer should be
consulted.

4.3.3.5 Selection of rated short~circust breaking current

a) As stated in 8.0 of IS : 2516 ( Part 1I/Sec 2)-1980%, the rated
short-circuit breaking current is expressed by two values, namely:

1) the rms value of its ac component ( short-circuit current ), and
2) its percentage dc component.

b) The percentage dc component varies with time f{rom the
incidence of the short-circuit. When the circuit-breaker meets
the standard requirements stated in 8 of 1S : 2516 ( Part 11/Sec
2 )-1980%, the percentage dc component the circuit-breaker may
deal with is not less than the value given in Fig. | of 15 : 2516
( Part 11/Sec 2 )-1980* at the end of the time interval correspond-
ing to the shortest possible opening time of the circuit-breaker
plus, for a circuit-breaker to be tripped solely by a form of
auxiliary power a minimum delay time of one haif cycle of rated
frequency. Fig. 1 of IS: 2516 (Part II/Sec2)-1980% is based
on constancy of the ac component and a short circuit power
factory of 0-07 for 50 Hz.

c) When the application point is sufficiently remote electrically from
rotating machines, the dc decrement is negligible and it is only
necessary to verily that the short-circuit power factor is not less
than 007 and the minimum time delay of the protective
equipment is not less than one half cycle of rated frequency. In
these conditions, it is sufficient that the selected circuit-breaker
has a rated short-circuit breaking current not less than the initial
symmetrical fault current at the point where the circuit-breaker
is to be installed,

®Specification for alternating circuit-breakers: Part I Rating, Section 2 For voltages
above 1000 V ac { first revision ).
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d) In some cases, the percentage dc component may be higher than
the standard values given in Fig. 1 of IS : 2516 ( Part II/Sec 2 )-
1980*, For instance when circuit-breakers are in the vicinity of
centres of generation, the ac component may decrease more
quickly then in the normal case. The short-circuit current may
then not have a current zero for a number of cycles. In such
circumstances, the duty of the circuit-breaker may be eased, for
example, by delaying its opening, or by connecting an additional
damping devices with another circuit-breaker and opening the
circuit-breakers in sequency. If the standard valuesof percentage
dc component cannot be adhered to, the required percentage
shall be specified in the enquiry and testing shall be subject 1o
agreement between the manufacturer and the user [see also
4336 (c)(2)].

e) The rated short-circuit current shall be selected from the
standard values given in 8.2 of IS : 2516 { Part 11/Sec 2 )-1980*.
Preferred combinations of rated short-circuit current rated
voltage and rated normal current are given in Table 13 of
IS:2516 ( Part I1/Sec 2 )-1980*.

4.3.3.6 Scelection of rated transient vecovery voltage first-pole-to-clear factor
and rated characteristics for shorl-{ine faults

a) The prospective transient recovery voltage wave of the system
should not exceed the reference line representing the transient
recovery voltage specified for the circuit-breaker; it should cross
the specified delay line close to zero voltage but should not
recross it later, see 9 of IS : 2516 ( Part I1/Sec 2 )-1980*.

Norx — The transient recovery voltages which appear when breaking the
highest short-circuit currents are not necessarily more severe than these which appear
in other cases. For cxample, the rate-of-rise of transient recovery voltage may be
higher when breaking smaller currents.

b) The standard values given for rated voltages of 72'5 kV and less
apply to a first-pole-to-clear factor of 1'5, but for voltages
exceeding 72'5 kV a choice between first-pole-to-clear factors
13 and 1'5 is provided. The factor 1-3 is based on a system
with effectively earthed neutral where difficulty due to three-
phase faults not involving earth isconsidered highly improbable.
For applications in isolated neutral and resonent earthed systems,
the first-pole-to-clear factor 1'5 should be used. For applications
in system with effectively earthed neutral in cases where the
probability of difficulty due to three-phase faults not involving

*Specification for alternating circuit-breakers: Part Il Rating, Section 2 For
voltages above 1 000 V ac ( first revision ).
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earth cannot be disregarded, and the applications in systems with
non-effectively earthed neutral, a first pole-to-clear factor of 15
may be necessary.

c) Generally it may not be necessary to consider alternative
transient recovery voltages as the standard values specified cover
the majority of practical cases.

More severe conditions may occur in some cases, for instance:

1) In the case of a short-circuit immediately after a transformer
without any appreciable additional capacitance between the
transformer and the circuit-breakers, both the peak voltage
and rate-of-rise of transient recovery voitage may exceed the
values specified.

2) In the case of a short-circuit on circuit-breakers in the
vicinity of centres of generation, the rate-of-rise of transient
recovery voltage may reach higher values than those
indicated in this standard.

d) In such cases it may be necessary for special transient recovery
voltage characteristics to be agreed between the manufacturer
and the user.

¢) When circuit-breakers are required for installations necessitating
the assignment of rated short-line fault characteristics, the line
on which they are to be used shall have a surge impedance and
peak-factor not greater than the appropriate values given
in 10.1.2 and Table 7 of IS ; 2516 (Part 1I/Sec 2)-1980*.

f) Even in cases, where requirements of ( e ) above are not met, it is
still possible that a standard circuit-breaker is suitable, especially
if the short-circuit current of the system is less than the rated
short-circuit-breaking current of the circuit breaker. This may
be established by calculating the prospective transient recovery
voltage for short-line faults from the rated characteristics by the
method given in Appendix B of IS : 2516 ( Part II/Sec 2 )-1980*
and comparison with the prospective transient recovery voliage
derived from the actual characterisiics of the system.

@) If special short-line fauit characteristics are required, they shalt
he agreed to between the manufacturer and the user.

4.3.3.7 Selection of out-of-prase characteristics — In case of switching
duriug out-of-phase conditions, the requirements of this siandard where a

*Specification for alternating circuit-breakers: Part 11 Rating, S-ction 2 For
voltages above 1000 V ac ( forst revision ).
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rated out-of-phase breaking current as given in 14 of IS:2516
( Part II/Sec 2 )-1980* has been assigned, cater for the great majority of
applications of circuit-breakers. Several circumstances would have to
arisc simnultaneously to produce a severity in excess of those covered by
the tests specified and, as switching during out-of-phase conditions is rare,
it would be uneconomic to design circuit-breakers for the most extreme
conditions. In locations where frequent out-of-phasc switching operations
are anticipated, or where for other reasons out-of-phase switching is a
matter of substantial concern, the user should consider determining actual
system rccovery voltages. A special circuit-breaker, or one rated at a
higher voltage, may sometimncs be required. As an alternative solution,
the severity of out-of-phase switching duty is being rceduced in several
systems by using relays with co-ordinated impedance sensitive elements
to conurol the instant of power being applicd to the opening release so
that interruption may occur either substantially alter or substantially
before the instant the phase angle is 180°.  Arranging rel:ys to open both
ends of a line simultancously may be of substimial additiona] benefit
from both a probubility and a transient voltage point of view.

4.3.3.8 Sclection of rated shorl-circiat meking curient

a; The rated short-circuit making current of a circuit-breaker is
that which corresponds to the rated volinge [ ser 11 of 1§ : 2516
( Part 1I/Sec 2 )-1980* .

b The seiccted circuit-bieaker should have a rated short-circunt
making current not less than the highest peak value of fault
current. Unless otherwise stated, the rated shori-airenit making
current is 2°5 times ( that is, approximately 1'8 x 4/ times ) the
ac component of the rated short-circuit breaking current,

c¢) In some cases, for example, when induction motors are
electiically close, the maximum peak value of the fault current
may be more than 25 times the ac component of the short-
circuit current. In such cases, a special design should be
avoided and a standard circuit-breaker having a suitable rated
short-circuit making current should be selected.

4.3.3.9 Selection of operating sequence in service

a) The rated operating sequence of a circuit-breaker shall be one
of the operating sequence given in 13 of 15:2516 ( Part I1{Sec 2)-
1980*. Unless otherwise specified, the values of the time

*Specification for circuit-breakers: Part I Rating, Section 2 For valtages above
1000 V ac { first revision ).
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intervals given in 13 of IS : 2516 ( Part II/Sec 2 )-1980* shall
apply and the rated operating sequences provided for are:

1) 0 — 3 min — CO — 3 min CO, and

2) 0 — 03 s — CO — 3 min — CO (for circuit-breakers intended
for rapid auto-reclosing).

The timing of 0'3 second I8 suitable in cases where all the
three poles of the breaker trip for all types of faults.

b) if the current, the circuit-breaker is capable of breaking on
auto-reclosing is less than the rated short-circuit breaking current,
this shall be specified by the manufacturer.

c) When the operating sequence in service is more severe than
provided for in this standard, this shall be specified by the user
in his enquiry and/or order, so that the manufacturer may modify
the rating of the circuit-breaker appropriately. Examples of
circuit-breakers for special duty are those used for controlling arc
furnaces, electrode boilers and, in certain cases, rectifier plants.
Single-pole operation of a multi-pole circuit-breaker, for example,
:lvith a view to single-phase making and breaking, is also a special

uty.

4.3.3.10 Selection of rated duration of shori-circuit (for circuit-breakers not
fitted with direct overcurrent release )

a) The standard value of rated duration of short-circuit given in 12
of IS : 2516 ( Part II/Sec 2 )-1980* is one second.

b) When a higher duration is necessary, the manufacturer should
be consulted. However, a value of 3 seconds is recommended,

¢) For short-circuit durations greater than the rated duration, the

relation between current and time, unless otherwise stated by the
manufacturer, is in accordance with the following formula:

I3t == constant

4.4 Factory Built Assemblies of Switchgear and Controlgear —
Under consideration,

*Specification for alternating circuit-breakers: Part 11 Rating, Scction 2 For
voltages above 1000 V ac (first revision ).
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SECTION 4 MISCELLANEOUS GUIDELINES FOR
SELECTION OF SWITCHGEAR AND CONTROLGEAR

5. OTHER CONSIDERATIONS OF SELECTION OF EQUIPMENT

5.0 The following paragraphs, provide for such considerations other than
those covered in the earlier clauses; considerations of typical application
for which the equipment is intended, circuitry, load, and other service
conditions which have a bearing on selection.

5.1 Switcbes ( voltages below 1000 V) [ sec also 3.2 |.

5.1.1 Main Switchboards — A typical feeder arrangement utilizing
switches on main switchboards feeding other sub-distribution boards is
shown in Fig. 7. These are generally used as isolator, composite unit of
isolator and fuses or composite unit of load break switches and fuses.

5.1.1.1 As isolator — Switches are sometimes used on main switch-
boards as isolators in series with non-drawout type of circuit breakers but
before them. These isolators are not supposed to make or break any
current but are required to be operated off-load to disconnect the circuit-
breaker from the supply for maintenance purposes. For such applications,
isolators conforming to IS : 4064 ( Part I )-1978* may be used. Further-
more, it should be ensured that unless the isolators are installed at a place
approachable to authorized persons only, interlock is provided to safeguard
that the isolator contacts open or close only after circuit breaker is in the
‘off” position.

5.1.1.2 s a composile unit of isolator and HRC fuses — When the
circuit breaker does not have a breaking capacity sufficient for the
prospective shori-circuit current at the point of installation, HRC fuses
are used to provide back-up protection (see 5.2.2.2 ). Under such
circumstances, the isolators and fuses may be combined together with
advantage as one unit to serve dual purpose of isolation of the circuit
breaker and safety during replacement of the fuses.

Norte — For co-ordination of circuit breakers and fuses see 5.2.2.2.

5.1.1.3 As composite unit of load break switches and fuses — When a feeder
is feeding other sub-distribuiion boards it is preferable to use a circuit-
breaker but some time for economic considerations switch-fuse units are
used instead of circuit-breaker where considered adequate on duty
consideration. A circuit-breaker shall be preferred wherever frequent
operations are involved and if remote operations are envisaged. While
the fuses protect the cable, the switch is used to make and break the
circuit.

*Specification for air-break switches, air-break disconnectors, air-break switch-
disconnectors and fuse combination units for voltages not exceeding 1000 V ac or 1200 V
dc: Part I General requirements { first revision ).
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5.1.2 Load Feeders

5.1.2.1 Switch to be operated on ‘no load’ — 1f a switch is intended to
be operated only on ‘No Load’, then it can only serve the purpose of
isolating other equipment from the supply after the load has been

switchad off by some other device IInder these conditions, an ienlatar
switChed ol DYy some giner Qevice, Umnger these conquiions, amn 18ciatoer

would prove moust economical although any other type of switch could

also be used. If isolators are used care should be taken that either they

are interlocked with the main load switching device like circuit-breaker,

starter, etc (ser Fig. 8A) so that they can only be operated after the
p

main device i¢ in the off nnur-nn or thev shou!

mali UCVilo 15 2Ll C Qi PSR 12 O ALy SA0RA DS appIre cachabhle Ly 0O

authorized persons.

8,122 Feeders with steady load — In

d je stande sush as
Seloinedy A'EEGETS WU owou «0GG Q

iS5 otvnu,, sSucin as

for light and power circuits, all that is necessary is to consider the power
factor of the circuit. If the circuit is fairly non-inductive ( power-factor
greater than 0'8), then a switch conforming to ac 21 category will do;
otherwise, either switches of other categories IS : 4064 ( Part I)-1978*% or

maotor control switch will have to be gelected
motor contro: switch will have {¢ pe sejecteq,

5.1.2.3 Feeders with fluctuating load — The typical fluctuating loads are
motor or condenser feeders where the switches are used either as motor

l-. F"')

starter or as isolator in the motor feeder.

d) ﬂ.) YIIUIU’ Jiarier — "A' hcu 4aw1uh P2 ubcd as a lllul it
should comply with the requirement of IS : 4064 ( Part II ) 19781‘
Guidance may be taken from 3.4 for the proper selection as a
starter.

For very small motors ( generally less than 1 kW ), accurate
protection of the motor is sometimes dispensed with and fuses
are used tOgether with starter as a rough overload and short-
circuit pluu:t.l.iuu { sée rig 8B ). This la, uowe'v‘er not encoaragea.
An improvement upon this circuit is on the incoming side and
motor starters for the individual outgoing feeders as shown in

Fig. 8C. For bigger motors, starter with an overload protective
device should be used for each individual motor ( see Fi ig. 8D )ora
combination of circuit-breaker with star-delta, reversing orsimlar
purposes motor starters made as shown in Fxg 8E. Fuses are
required before the circuit breaker if the short circuit level is

higher the breaking capaciy of the circuit breaker.

[ 1 Oy Py p =2 ., P

'apculu.nuuu for air-break lwu.(.ne!, air-break ullcunnt‘cturi, air-break switch-
disconnectors and fuse-combination units for voltages not exceeding 1000 V ac or
1200 V dc: Part I General requiremenats ( first revision ).

{Specification for air-break switches, air-break disconnectors, air-break switch
disconnectors and fuse-combination units for voltages not exceeding 1000 V acor 1200 V
de: Part II Specific requirements for the direct switching of individual motors
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As isolat
commo yadopted is shown in F1g 8F. The starter is there to
switch ON and OFF the motor. The switch is intended to ease
isolation for carrying out the maintenance work on the motor
and the starter. The switch may also sometimes be called upon

to hrealk the circnit in emercencv, The f‘nebc are used for short-
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circuit protection and they may be combined with the switch.
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The provision of the switch as means of isolation in a motor
feeder should be ied from the following aspects:
1) The frequency at which maintenance work is required to

LR R 7 &v Wil 1IN 1 1T

be carried out,
2) The extent of safety desired, and
3) Cost involved.
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5.1.2.4 Condenser load — The current taken by capacitors leads the
voltage almost by 90°C. Hence the selectior of the switches needs careful
consideration as it is liable to be effected iy the active recovery voltage
during the switching pericd. When a capacitor is shore circuited the
peak value of the discharge currentis high, but decreases rapidly since
the frequency is high and the time constant is low. Generally, standard
switches may be used with suitable derating. The extent to which the
ale
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T T N SUUE L B I I s e
deraiing has 10 be applied is o be obtained fro

switches.
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5.2 Fuses ( Voltages Below 1000 V ) — See also 3.1.
5.2.1 General — A fuse should be selected such that:

a) it does not operate due to momentary overload,

b) it operates only in case of excessive sustained overloads or short-
circuit, and

c) it offers proper discrimination.

It should also be borne in mind that due to higher fusing factor, the
fuse should generally be treated as a means for short-circuit protection
and other devices having relays releases with accurate operation should
be employed for the overload protection when the connected equipment
does not have any overload capacity.

The considerations necessary for the selection of general purpose
fuses designed for ordinary types of loads are explained in 5.2.2 10 5.2.5.
Fuses for special types of loads like rectifiers, railways or mines
requirements, should be selected in consultation with the manufacturer.

5.2.2 Radial Feeders with Steady Load — In such cases, fuses are generally
the only means of protection of the connected cables and wires. The life
of cables reduces very considerably even with slight sustained overload.
It should, therefore, be kept in mind that the cable has sufficient overload
capacity in relation with the minimum non-fusing factor of the fuse
selected.

5.2.2.1 Co-ordination between two fuses in series — It is a good practice to
provide fuses at the point where the cross-section of the cables decreases.
There may, therefore, be three and four fuses behind one another in a
radial feeder without any other protective device in between { see Fig. 9A ).
Proper telectivity is, therefore, necessary so that in the event of a fauit,
only the {use nearest to the fault operates and the others remain intact.

Since in a radial feeder, almost the same value of the fault current
flows through all the fuses in serjes, it is clear that all such fuses should
not have the same rating. Fig. 98 shows the typical characieristic curves
of the cartridge fuses. These curves are drawn between the pre-arcing
time and the prospentive shori-circuit current.  There is a considerable
difference between the pre-arcing time of two consecutive fuses at Jower
prospective short-circuit currents. For clese discrimintdon in overioad
range, it is generally sufficient. When the twe fuses have a difference
of 25 percent between their pre-arcing time. In the runge of higher
prospective short-circuit currents, if the pre-arcing time of the minor
fuse: is less than Q 02 second, two fuses connected in series would offer
discriminate operation only if the total /% value of the minor fuse is less
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a) due to the manufacturing tolerances, the pre-arcing time of the
fuse is not an exact value, but varies to some extent; and

b) as soon as the arcing takes piace in the minor fuses the current
in the circuit reduces very sharply due to the arc resistance and
thus the major fuses are not affected to the same extent during

the pre-arcing time of the minor fuse.

The manufacturers should therefore be consulted for the proper
rating of the fuses which would offer discriminate operation between one

annthar faor tha nrasnectiva chort-cirenit currents exnected at the naint of
anociner ior tne prospeclive snort-ciurcunl currents expecteqd at tae pomt o

installation. As a rough guide, a ratio of 1'5 between the rating of the
major and minor fuses may be expected to give discriminate operation for
fault levels up to 40 kA.

s pfraioace w  aseesid s henalns pnd a £an o Sl o

5.2.2.2 Co-ordinativr. between a circuit-breaker and a J’uaz on the incoimin
side — When fuses are used for the back-up protection of circuit-breakers,
link-type fuses are normally used for this purpose. The circuit-breakers
are usually provided with overload and short-circuit releases and their
operating times are 50 co-ordinated by the supplier that no damage is
caused to the circuit-breakec for the duration of short-circuit current
according to their tripping time. For the co-ordinated selection of the
fuse, the following requirements should therefore be fulfilled:

a) For normal overloads, the circuit-breaker should be tripped by
its own overload relay and the fuse should not operate;

b) Short-circuit release should trip the circuit-breaker for all sho

Y ertas arvmcmmsnte warsbbin 248 lhaanlr i ar mosma mlbes maed Al Cooo L oo
CIrCUIl CUrrcIity wiuliii 1w viCaaui) Lapadlily anQ ui€ juse sno

not operate; and

3

&

c) For all short-circuit currents in excess of breaking capacity, the
fuse should operate sufficiently early so as to prevent opening of
the circuit breaker on currents in excess of its breaking capacity

and damage due to the thermal and dynamic effects.

A well co-ordinated combination in the range of heavy short-circuit
current is shown in Fig. 10. It should be ensured that:

a) the rating of the fuse is as high as possible so that the
characteristic of the fuse lies as far away as possible ( point
No. 1 in Fig. 10 ) from the point of intersection of overload and
short-circuit release characteristic ( se¢ also 5.2.4.1). This fulfills
the requirements of 5.2.2.2 (a).
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b) the fuse characteristic and the short-circuit release characteristic
intersect at a point (No. 2 in Fig. 10), within the breaking
capacity of the circuit-breaker. This fulfills the requirement’s
of 5.2.2.2 (b); and

c) the total operating time of the fuse is less than the tripping delay
of the circuit-breaker for short-circuit currents equal to the
breaking capacity of the circuit-breaker. This fulfills the
requirements of 5.2.2.2 (c).

It may be seen that the above combination gives ideal protection.
Accurate characteristic curves for circuit-breaker, short-circuit releases,
etc, are generally not available and it is recommended that manufacturers
should be consulted.

The use of fuses of maximum permissible rating has the following
advantages:

a) Prevention of indiscriminate operation under overloads — The fuse
characteristics lies much above the overload characteristic of the
bimetal release and, as such, chances of indiscriminate operation
under normal overload conditions are totally elimated;

b) Less frequent replacement of fuses — The fuse does not operate at
short-circuit currents less than the breaking capacity of the
circuit-breaker. Frequent operation of the fuses is thus prevented
and there is, therefore, less expenditure and less idle time;

¢) Break of circuit on all the three phases — The combination results in
ideal conditions of discriminate operation ensuring the tripping
of the circuit-breaker in all cases ‘On-load’ within its breaking
capacity and ¢ Off-load ’ for currents in excess. The circuit, there-
fore, breaks on all three phases and the occurrence of short-
circuits is indicated;

d) Interchangeability and less number of spares — Usually the same fuse
rating may be used for the back-up protection of different feeders
having settings of the bimetal and short-circuit releases which
differ greatly.

5.2.2.3 Co-ordination between a circuit-breaker and a fuse on the outgoing
side— It is quite customary to provide on the distribution boards only
circuit-breakers for incoming feeders and fuses for outgoing feeders as
shown in Fig. 11. 1In such a case, the fuse has to operate for all the faults
on the outgoing feeders and the circuit-breaker should not trip. The
short-circuit release provided on the circuit-breaker should be of
time delayed type as otherwise the circuit-breaker is liable to trip due to
the short-circuit current impulse even of a short duration. As a rough
guide, a time lag of between 50 to 150 millisecond should be provided in
the characteristic of the fuse-link and the short-circuit release for the
expected short-circuit cprrent as shown in Fig. 11.
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a — Overload relay characteristic of circuit-breaker

b — Short-circuit release characteristic of circuit-breaker
¢— Arcing time characteristic of circuit-breaker

d — Pre-arcing time characteristic of fuse

¢ — Total time characteristic of fuse

f— Tripping delay of circuit-breaker

g — Breaking capacity of circuit-breaker

h— Thermal release

§ — Instantaneous short-circuit release

k — Back-up fuse
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5.2.3 Meshed Feeders with Steady Load — Unlike radial feeders, in the mesh
connected circuits, the fuses have to be kept of the same rating although
in case of a fault, the short-circuit current in the different feeders may be
different. In Fig. 12 is shown a junction point. In case of a short-circuit
the total short-circuit current I{1) is the sum of the short-circuit currents
I(2), I(3) and I(4).

If the short-circuit current had been distributed equally, the fuses
(2), (3) and (4) would all be carrying one-third of the total current in
fuse (1) and, as such, proper discrimination may be expected. But
depending upon the impedance within the different circuits, it is also
possible that the short-circuit currents in any part, for example, I(2) may
be about 80 to 90 percent of the total current I{1). This becomes a
critical stage and it may happen that both the fuses (1) and (%) operate
simultaneously.

In case of meshed circuits, it is, therefore, important to know the
ratio of I (Part )/I(total) of the fuses which would still give
discrimination at expected prospective short-circuit current. Fuses are
available which are even discriminative at a ratio of above 80 to 90 percent
depending upon the rating of the fuse and the short-circuit current. These
deta.ls should be obtained from the manufacturer.

5.2.4 Freders with Fluctuating Loads — Motor Feeders — Heavy starting
current are usually associated with the motor feeders. The rating of the
fuse has, therefore, to be high enough that it does not operate due to
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normal starting currents. The fuse so selected may not offer adequate
overload protection to the motors and, therefore, other devices, such as
bimetal relays or releases, should be used for this purpose. The fuses for
motor feeders are hence used to protect the motors and the starting gear
against short-circuits only.
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Fic. 12 DistrisuTioN OF SHORT-CIrRcuUIT CURREXNTS IN A
Mzsuep NETWORK

5.2.4.1 Co-ordination of fuses with motor stariers [ see also Appendix A of
IS : 8544 (Part 1)-1977%] — 1t is necessary to co-ordinate the
characteristics of the fuse provided for the short-circuit protection and
overload relay or release provided on the motor starter ( contactor ) so
that the following requirements are fulfilled:

a) Fuses does not operate and the overload protection device also
does not operate during the starting of the motor. Further the
fuse should not operate for such overloads as may be handled by
overload protection device.

b) The fuse disconnects the supply to the motor starter sufficiently
early before the starter or overload protection device is damaged
due to the thermal and dynamic effects of excessive currents.

*Specification for motor starters for voltages not excerding 1000 V:  Part I Direct-
on-line ac starters.
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c) The fuse should disconnect the supply sufficiently early so that
the motor starter is not required to break the current in excess
of its breaking capacity.

In order to arrive at the proper co-ordination, the following
should be known:

1) Cold condition characteristics of the overload protection
device ( curve 1 in Fig. 13 ),

2) The maximum thermal strength of the combination of
motor starter and the overload protection device (point R
in Fig. 13),

3) Maximum breaking capacity of the starter ( point T in
Fig. 13),

4) Pre-arcing time characteristics of the fuse (curve 2 in
Tig. 13}, and

5) Total-time characteristics of the fuse (curve 3 in Fig. 13).

1f the combination is properly co-ordinated as shown in
¥ig. 13 then:

1) point A, that is, point of intersection of curves (1) and (2)
should lie above and to the right of the point B which
depends upon the starting current and the starung time
of the motor ( 5 times the rated current I for 5 seconds in
I'ig. 13 ). This would fulfill the requirements of 5.2.4.1 (a);

2) Point M, that is, point of intersection of curves (1) and (3)
should lie to the left of point R. This would fulfill the
requirement of 5.2.4.1 (b); and

3) Point N, that is, point of intersection of curve (3) and
vertical ordinate from point T should lie below the point P,
that is, point of intersection of curve (1) and the vertical
ordinate from point 7. This would fulfill the requirement
of 5.2.4.1 (c).

The manufacturers of motor starters should supply the starter
as well as the overload protection device so co-ordinated that
the overload protection device would trip the starter (or
contactor ) such that neither the starter nor the overload
device itself is damaged. The consumer has, therefore,
mainly to worrv about the proper co-ordination of the fuse
and in the absence of full information available on the above
lines, the manufacturers should be consulted for the
appropriate rating of the fuse.
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5.2.4.2 Co-ordination of fuses and circuit-breakers [ see also 9 of IS : 2516
( Parts I and 11 )-1977* ] — Circuit-breakers are sometimes used with
advantage for the starting of the motors. The considerations for
co-ordination with the fuse are the same as described under 5.2.2.

[ 2 T cormos 1d L agnnem frnme tha ahava sthoat fam tha calia Al cnman
J.l..'x.d 1t woulid De seen 1roimn tne above tnat ior tne sake ul. plU(JCl

discrimination, only HRC cartridge fuses should be used for the motor
feeders. Unlike HRC fuses, there is no possibility for the indication of
the operation of the rewirable fuse-element either and unwarranted
operation of the rewirable fuse is often responsible for single-phasing

faults of the motors.
fauits ot the motor

It is also important to ensure that fuse selected from the above
considerations offers adequate protection against excess currents to the
connection cables (or wires) between the fuse and the starter and the
motor. It may be sometimes necessary either to select the cables of
higher cross-section or reduce the rating of the fuse, if that shouid be
possible.

5.2.5 Freders with Fluctuaiing Loads — Transformers Feeders, Capaciior
Feeders, eic -— For transformers, capacitors battery chargers and fluorescent
lighting circuits, the effect of high switching surges should be considered.
The manufacturers should be consulted for the proper rating of the fuse
ahhough as a rough guide, the rating of about 50 percent greater than

............ Tn #alae

‘.llc nourinal bull‘:lll lll(ly fol] I.dl\cll

5.2.5.1 In case of transformer feeders, it also becomes necessary to

cnnrdinate tha characteristics of the hich voliase and low voltace fuses
coordainate tn€¢ cnaracleristics o1 tne nign voitage and (oW voitage juses.

It should be borne in mind that while the fuse on the low voltage side
protects the transformer from overload due to the faults on the low
voltage system, the high voltage fyse takes care of the faults inside the
transformer.
Example:
Assuming a transformer rated for 160kVA, 11/0-415kV with
an impedance of 4'75 percent, the rated Inw voltage current
would be 225 A and the rated high voltage current would
be 8A. The rated current of the fuse on the low voltage
side would, therefore, be 200 A, in line with 5.2.2. Taking
care of the swnehmg surges, the fuse on high voltage side
should be of rating much more than 8A and it can be 15A
depending upon the co-ordination as shown in Fig. 14.
The maximum short-circuit current should be taken as;
100 % 1

160 X s75 V3 x 0alp— Y66 kA

*Specification for alternating current circuit-breakers: Parts I and IT Requirements
and tests.
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Considering a case infinite bus the above arrangemen
will ensure that for all sho circuit currents up to 466 kA
on the low voltage side, the !ow voltage fuse operated earlier
than the high voitage fuse.

~

While comparing the characteristics, care should be taken that
pre-arcing It characteristics of the high vo]tage fuses are less than the
total It characteristics of the low voltage fuses.
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5.3 Motor Starters ( Voltages Below 1000 V) ( see also 3.4 )
5.3.0 General Guidance for Common Types of Starters

5.3.0.1 Several types of starters with different combinations for
various applications may be used. Although various factors, as described

earlier in detail, shouid be kept in mind for accurate seiection, Table 1
may serve as a general guidance for selection of starters.
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TABLE 1 GUIDANCE ON SELECTION OF STARTERS FOR VARIOUS

SL TYPE oF
No. APPLICATION
N (2)

i) Direct-on-line
starting  and
control of
3-phase induc-
tion motors

il) Star-delta start-
ing of 3-phase
induction
motors

iii) Starting and
speed control
of 3-phase
slipring motors

APPLICATIONS
( Clause 5.3.0.1)
TYPE oF TyrE or
CoNTROL STARTER
(3 1Y)

~

Manually-operated
units

L Remote-oprrated
units

{ Manually-operated

| units

Remote-operated
units ( with auto-
matic changeover
from star todelta )

( Manually-operated
( starting )

(On-Off and system
selector switch or
starter

Pole charging switch
or starter

4

Motor-protection
ciréuit-breaker

Remote-operated
motor-protection
| circuit-breaker

[Air-break or oil-
immersed con-
tactor-starter with
{ over-load relay

|

kAir-break contactor
starter
{ Manually opcrated

star-delta starter

Automatic contactor
type star-delta
starter

[ Face-plate starter in
conjunction  with
motor-protection
circuit-breaker or
contactor

Oil-immersed drum
starter in conjunc-
tion with motor-

{ protection circuit-

breaker or contactor

if required

Drum-type starter in
conjunction  with
resistor and motor-
protection circuit-
breakers or con-

l tactor

SWITCHING
OPERATIONS
»EE Hour

O

Up to about
150

Up to about
150

Up to about
30

Up to about
30

Up to about
30

Up to about
1200

Up to about
30

Up to about
30

( Continued )
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TABLE 1 GUIDANCE ON SELECTION OF STARTERS FOR VARIOUS
APPLICATIONS — Contd

SL TypPE or Tyre o TyPE oF SwitorING
No. APPLICATION CoNTROL STARTER OPNRATIONS
Per Hour
1¢Y) 2) (3) 4 (5)
Manually-Operated Drum-type starter in  Up to about
units ( starting conjunciion  with 150
and speed set- | resisior and motor-
ting ) protection circuit-
breakers or con-
tactor
[ Momentary-conrtact
control station
(including food-
switch )
[ Manually-operated  { Twist switch ( main-
units tained contact
operation )
iv) Switching of Twist switch
auxiliary circuit < ( momentary con-
| tact operation)

Mechanically Momentary-contact
| operated units limit switch

(Short circuit line [ Fuse
protection Switch fuse unit
Motor protection
circuit-breaker

[ Motor protection
circuit-breaker
Motor protection
circuit-breaker
(in conjunction
Motor overload { with fuse, if

protection required )
v) Overcurrent and Contactor  with
under-voltage < overload relays
protection ( in conjunction

| with fuse)

[ Protection circuit-
breaker ( with
Undervoltage (in- under voltage
stantaneous ) { relcase)
Contactor  with
holding contacts

{ Protection circuit-
| breaker ( with

Undervoltage time lag release )
( time lag) Contact with
{ holding contacts
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5.3.1 Modc of Operation of Motor Starters

5.3.1.0 General — The starters may either be manually operated or
may have automatic control through auxiliary devices, such as, push
buttons, limit switches, float switches, etc. Manual control may be adopted
with a limited frequency of operation. Automatic control not only gives
the possibility of greater frequency of operation but also permits installa-
tion of main switching equipment away from the actual drives.

Manually operated switch starters have been in vogue due to the
simplicity of construction and may be used when remote control and
automation are not required. Many a time motor protection circuit-
breakers are also used as motor starters with advantage as they
incorporate short-circuit protection as well, provided the short-circuit
protection has sufficient breaking capacity thus extra means, such as, fuses
which are required in case of switch or contactor starters need not be
provided. While using motor protection circuit-breakers without back-up
fuses, it should be examined whether the short-circuit level at the place
of installation is within the short-circuit capacity of the motor protection
circuit-breakers as also if the switching duty required may be catered by
the motor protection circuit-breaker.

Manual starters may be used where operation is limited to lesser
frequency of operation and where automatic operation is not required.
Closing and opening is done by hand except in case of overload release.
The contactor starters may be used where either remote or repeated
operation is required. They permit sufficient flexibility of connection.

5.3.1.1 Motor switches — They are available in a variety of executions,
such as, ON-OFF switches, system selector switches, pole-changing
switches, star-delta switches.

a) The distinguishing feature of these switches is that they are
usually operated by hand and that, depending on the particular
application, they have two or more switching positions for
closing, opening or transferring circuits.

b) The making and breaking capacity of the switches corresponds
to the starting current of the motors. The switches are generally
suitable for continuously closed duty and for intermittent duty
up to 150 switching operations per hour. They are used primarily
for the direct closing, opening and transferring of motor circuits
without having to interrupt short-circuit currents which are
interrupted by circuit-breakers or fuses.

5.3.1.2 Motor-protection circuit-breakers — Circuit-breakers are distin-
guished by their ability to interrupt short-circuit currents within specified
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These are provided with trip-free latch mechanism and trips. A

circuit-breaker may be opened either manually or by automatic release.

a)

b)

Both overcurrent and undervoltage release and other protectiv
features may be incorporated. When the supervised electric
variable (current or voitage ) deviates from the rated value by
more than a certain amount, the breaker is automatically
tripped. Auxiliary trips for remote tripping may also be
provided.

The circuit-breakers are suitable for continuously closed duty up
to switching frequency of 30 switching operations per hour.
They are designed either for manual or remote operations. In
addition to the switching ON and OFF of motors, they are also
used for protecting the system, motor and switchgear from
overload, short-circuits, undervoltage and voltage failures. The
making and breaking capacity is selected accordingly.

HRC cartridge fuses may have to be used for back-up
protection if the circuit-breakers do not have sufficient rupturing
( breaking ) capacity according to the short-circuit level at the
place of installation.

5.3.1.3 Contactors — Contactors are  distinguished by powen
mechanism ( electro-magnets ) which closes the contactor and keeps it ir
its closed position as long as the operating power is maintained ( magnet
energized ). When the magnet becomes de-energized, the contacts open.

a)

Their making and breaking capacity corresponds to the starting
current of the motors. The contactors are suitable for
continuously closed duty and for intermittent duty up to 1 200
switching operations per hour.

b) Contactors are used chiefly for automatic electric control systems

5.3.2

or for remote switching of motors. Contactors require either
fuses or circuit-breakers for short-circuit protection.

Combination of Switching Devices

5.3.2.1 Equipment in a motor freder — Taking into consideration the
various types of switching devices and necessity for overload and short-
circuit protection together with means of isolation, there are various
combinations possible for the motor feeders. The usual arrangements
are shown in Fig. 15 and have been explained below:

a)

The arrangement @ shown in Fig. 15 is very commonly adopted
for individual motor feeders. The overload protection is provided
on the starter. The short-circuit protection is provided by the
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fuses. The switch is intended as means of isolation. The
switch and the fuse may be combined in one housing. Some-
times, the switch or both the switch and the fuse are installed in
the same housing as the starter. If the fuses are outside, then it
should be ensured that it is possible to remove them even when
energized but off load, for example, by means of insulated fuse
carrier or fuse pullers.

b) The arrangement b shown in Fig. 15 is only a modification of @
and is usually adopted when a number of motor feeders are fed
from a common fuse distribution board. This system is usually
adopted for motor control centres. A common isolating device
is provided in the incoming supply to the fuse board for the sake
of economy.

c) In the arrangement a shown in Fig. 15 a motor protection circuit-
breaker is used as motor starter. The overload and short-circuit
protection is provided on the circuit-breakers. This method may
be used only for the direct-on-line starting, but has the advantage
that circuit-breaker is always available ready for switching-in
after the fault and does not require replacement as in case of
fuses. If fuses are used as back-up protection to the circuit-
breakers then they may also be used for isolation if they are
capable of removal even when energized; otherwise, a switch
may have to be used.

d) In the arrangement b shown in Fig. 13 the starter is without any
protective devices and takes the form of a motor control switch
or a contactor or combination of contactors. The circuit-breaker
acts as means of isolation and additionally offers overload and
short-circuit protection for the feeder through its releases. This
arrangement proves quite ideal and economical for starter
cembinations, like star-delta or 2-speed at places where manual
control through switch may be accepted.

Note — If a motor protection circuit-breaker is used as a motor starter it should
be verified that it is of adequate short-circuit capacity to cope with the system fault-
level at that point; otherwise fuses of adequate short-circuit capacity to cope with
the system fault-level at that point or fuses of adequate short-circuit capacity should
be used along with the circuit-breakers.

5.3.3 For the purposes of selection, details of the special features of
different motor starters are provided in Appendix A. This provides
guidance on their characteristics, the circuitry 1n which they are employed,
with 2 comparative analysis on their relative performance.
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ARRANGEMENT [}

1SOLATING *
DEVICE

\‘:
SHORT~CIRCUIT
PROTECTION
STARTER
MOTOR

* Another isolating device may have to be provided near the motor if the starter is
away from the motor.
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Fic. 15 TyricaL ARRANGEMENTS OF EQUIPMENT IN MoOTOR FREDERS

APPENDIX A
( Clause 5.3.3)

SPECIAL FEATURES OF DIFFERENT MOTOR STARTERS
( Under Consideration )
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{ Continued from page 2 )

Panel for Selection, Installation and Maintenance Switchgear and
Controlgear, ETDC 20/P25

Members Representing
Sur1 O. P. ANAND Delhi Electric Supply Undertaking, New Delhi
SHRI JacMOuAN ( Alternate )
SeRI C, R. BALASUBRAMANIAN The Ni:‘,r:jglish Electric Company of India Ltd
adras
*San1 M. Sesuapri ( Alternate )
SHRI DEVENDER NATH Larsen & Toubro Limited, Bombay
Suii P. D. JaHAGIRDAR Maharashtra State Electricity Board, Bombay
SHRI1 JAVEED AHMED NGEF Ltd, Bangalore
Sunx 1. NaARAYANA Rao ( Alternate )
Dr T. C. SipHAN Chief Electrical Inspector to the Government ¢

Kerala, Trivandrum

Pror G. RAVINDRAN Nailr ( Alternate )
Sgr1 SYED Kuaper MorUDDIN Kernataka Electricity Board, Bangalore
SHR1 R. SUBBARAO Bharat Heavy Electricals Ltd, Secunderabad

Sunr K C. Lanari ( Alternate )

SHRI G.N. THADANI Engineers India Ltd, New Delhi
Suri M, K. Das ( Alternate )
SHRI A. S. UpRALIEAR Hindustan Brown Boveri Ltd, Bombay

Sart S. R. Porxis ( Alternate )

+ *Shri M. Seshadri, chaired the Pane]l Meetings.
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