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Extracts from Indian Electricity
Amendment Rules-1977

The Indian Electricity Ruleshave been framed to ensure safety,

satisfactory operation ofequipment and to avoid fire risk. Important
extracts from these Rules are given below.

28. Voltage. The difference of electric potential measured in
volts between any two conductors or between any part of either

conductor and the earth as measured by a suitable voltmeter and
said to be : .

‘Low’. Where the voltage does not exceed 250 volts under
normal conditions. —

‘Medium’. Where the voltage does not exceed 650 volts under
normal condition,

‘High’. Where the voltage does not exceed 22000 volts under
normal conditions,



EXTRACTS FROM INDIAN ELECTRICITY RULES-1972 679

_(2) Service-lines placed by the supplier on the premises of a
consumer which are underground or which are accessible shall be
so insulated and protected by the supplier as to be secured under
all ordinary conditions against electrical, mechanical, chemical or
other injury to the insulation.

_ (3) The consumer shall, as far as circumstances permit, take
precautions for the safe custody of the equipment on his premises
belonging to the supplier.

(4) The consumer shall also ensure that the installation under
his control is maintained in a safe condition.

31. Cut-out on consumer’s premises :— (1) The supplier
shall provide a suitable cut-out in each conductor of every service
line other than an earthed or earthed neutral conductor or the
earthed external conductor of a concentric cable within a consumer’s
premises, in an accessible position. Such cut-out shall be contained
within an adequately enclosed fire-proof receptable.

Where more than one consumer is supplied through a common
service-line, each such consumer shall be provided with an inde-
pendent cut-out at the point of junction to the common service.

(2) The owner of every electric supply line other than the

earthed or earthed neutral conductor of any system or the earthed

* external conductor of a concentric cable, shall protectitby a suitable
out-cut.

32. Indentification of earthed and earthed neutral con-
ductors and position of switches and cut-outs therein—
Where the conductors include an earthed conductor of a two-wire
system or an earthed neutral conductor of a multi-wire system or a
conductor which is to be connected thereto, the following conditions
shall be complied with :

(1) An indication of a permanent nature shall be provided by
the owner of the earthed or earthed neutral conductor, or
the conductor which is to be connected thereto, to enable
cuch conductor tobe distinguished from any live conductor.
Such indication shall be provided—

(@) where the earthed or earthed neutral conductor is the
property of the supplier, at or near the point of com-
mencement of supply ;

(b) where a conductor forming part of consumer’s system is to
be connected to the supplier’s earthed or eartlied neutral
conductor, at the point where such connection is to be
made ;

TSRS ———————
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(¢) in all other cases, at a point corresponding to the point as

(2) No cut-out, link or switch other than a linked switch
arranged to operate simultaneously on the earthed or
earthed neutra] conductor and live conductors sha)] be
inserted or remain inserted in any earthed or earthed
neutral conductor of a two wire system or in any earthed

terminal in thé case ofinstallations already connecteq tohis system
vn or beforg the date to be specified by the State Government in this
behalf if he is satisfied that the consumer’s earthing arrangement
is efficient, '

(2) The consumer shall take aJ] reasonable precautions to
Prevent mechanical damage to the earthed terminal and its lead
be]onging to the supplier.

(3) The supplier may recover from the consumer the cost of
installation of such earthed terminal on the basis lajg down in
sub-rule (2) of rule 82,

34. Accessibility of bare conductors :—Where bare con-
ductors are used jn abuilding, the owner of such conductors shall—

(@) ensure that they are inaccessible -

(6) providein readily accessible position switches for rendering
them dead whenever necessary : and

() take such other safety measures as are considered neces-
sary by the Inspector.
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35. Caution Notices :—The owner of every medium, highand -

extra high voltages Installation shall affix. permanently caution
notices in Hindi, or English and Local Language of the distriction
with a sign of skull and bones on poles, motors. transformers etc.

37. Supply to vehicles, cranes etc. :—Every person owning
a vehicle, travelling crane or the like to which energy is supplied
from an external source shall ensure that it is efficiently controlled
by a suitable switch enabling all voltage to be cut off in one operation
and, where such vehicle, travelling crane or the like runs on metal
rails, the owner shall ensure that the rails are electrically contin-
uous and earthed.

38. Cables for per portable or transportable apparatus

(1) Flexible cables shall not be sued for portable or transportable
motors, generators, transformers, rectifiers, electric drills, electric
sprays, welding sets or any other portable or transportable appa-
ratus unless they are heavily insulated and adequately protected
from mechanical injury.

(2) Where the protection is by reans of metallic coverning, the
covering shall be in metallic connection with the frame of any such
apparatusrand earth.

42. Ruler. Every circuit and apparatus should be so arranged
that there is no danger of their getting charged with a voltage higher
than for which they are intended.

43. Provisions applicable to protective equipment :— (1)
Fire buckets filled with clean dry sand and ready for immediate use
for extinguishing fires, in addition to fire extinguishers suitable for
dealing with electric fires, shall be conspicuously marked and kept
inall generating statiens, enclosed sub-stations and enclosed switch
stations in convenient situations.

(3) First-aid boxes or cupboards, conspicuously marked a_nd
equipped with such contents as the State Government may specify,
shall be provided and maintained in _every generating station,
enclosed sub-station and enclosed switch station so as to be readily
accessible during all working hours. All such boxes and cupboards
shall, except in the case of unattended sub-stations and switch
stations be kept on charge of responsible persons who are trained
in first-aid treatment and one of such persons shall be available
during working hours.

24, Instructions for restoration of persons sufféring
from electric shock :— (1) Instructions, in English, Hindi and the
local language of the district, for the restoration of person suffering
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from electric shock, shall be affixed by the owner in as conspicuous
place in every generating station., enclosed sub-station, enclosed
switch station and in every factory as defined in clause (m) of section
2 of the Factories Act, 1948 (LXTIT of 1948) in which electricity is
used and in such other premises where electricity is used as the
- Inspector may, by notice in writing sérved on the owner direct,

(2) Copies of the instructions shall be supplied on demand by
an officer or officers appointed by the Central or the State Gov-
ernment in this behalf at a price to be fixed by the Central or the
State Government. ‘

(3) The owner of every generating station, enclosed sub.-
station, enclosed switch-station and every factory or other premises
to which this rule applies shall ensure that all authorised persons
employed by him are acquainted with and are competent to apply

the instructions referred to in sub-rule (1).

(1) No electrical installation work, including additions, alterations,
repairs and adjustmeants to existing irstallations, except such
replacement of lamps, fans, fuses, switches, low voltage domestic
appliances ang fittings as in no way alters its capacity or character,
shall be carried out upon the premises of o1 on behalf of any con-
sumer or owner, for the Purpose of supply to such consumer or

Government :

Providad that in the case of works executed for or on behalf of
the Central Government and in the case of installations in mines,
oil fields and railways, the Central Government and in other cases
the State Government may, by notification in the official Gazette,
exempt, on such conditions as it may impose, any such work
described therein either generally or in the case of any specified
class of consumers or owners, from so much of this sub-rule as
requires such work to be carried out by an electrical contractor
licensed by the State Government in this behalf. I

(2) Noelectrical in stallation work which has been carried out
in contravention of sub-rule (1) shall be connected with the works
of any supplier. ‘ 5 e

(3) The provisions of sub-rule (1) shall come into force in any
oil field, mine or railway or any State or part thereof on such date
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as the_Central or, as the case may be, the State Government may,
~ by notification in the offidal Gazette appoint.

46. Periodical inspection and testing of consumer’s
installation.— (1) (a) Where an installation is already connected
to the supply system of the supplier, every such installation shall
be periodically inspected and tested at intervals not exceeding five
years either by the Inspector or by the supplier as may be directed
by the State Governmentin this behalfor in the case of installations
in mines, oil-fields and railways by the Central Government.

(b) Where the supplier is directed by the Central or the State
Government, as the case may be, to inspect and test the installation
he shall report on the condition of the in stallation to the consumer
concerned in a form approved by the Inspector and shall submit a
copy of such report to the Inspector.

(2) (a) The fees for such inspection and test shall be determined
by the Central or the State Government as the case may be, in the
case of each class of consumers and shall be payable by the consumer
in advance.

(6) In the event of the failure of any consumer to pay the fees
on or before the data specified in the fee-notice, supply to the
installation of such consumer shall be liable to be disconnected
under the direction of the Inspector. Such disconnecticn, however,
shall not be made by the supplier without giving to the consumer
seven clear days’ notice in writing of his intention so to do. -

(3) Notwithstanding the provisions of this rule, the consumer
shall at all times be solely responsible for the maintenance of his
installation in such condition as to be free from danger.

47. Testing of consumer’s installation. (1) Upon receipt of
an application for a new or additional supply of energy and before
connecting the supply or reconnecting the same after a period of six
months, the supplier shall inspect and test the applicant’s instal-
lation.

The supplier shall maintain a record of test results obtained at
each supply point to a consumer, in a form to be approved by the
Inspector. :

(2) If as a result of such inspection znd test, the supplier is
‘satisfies that the installation is likely to constitute danger, he shall
serve on the applicant a notice in writing requiring him to make
such modifications as are necessary to render the installation safe.
The supplier may refuse to connect or reconnect the supply until
the required modifications have been completed and he Fas been
notified by the applicant.

SOSEE—
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'48. Precautions against leakage before connection :—
(1) The supplier shall not connect with his works the installation or
apparatus on the premises of any applicant for supply unless he is
reasonably satisfied that the connection will not, at the time of °
making the connection, cause a leakage from that installation or
apparatus exceeding one-five-thousandth part of the maximum
current supplied to the applicant’s premises.

(2) If the supplier declines to make a connection under the
provisions of sub-rule (I), he shall serve upon the applicant a notice
in writing stating his reason for so declining.

49. Leakage on consumer’s premises. (1) If the Inspector
or the supplier has reason to believe that there is in the system of
a consumer leakage which is likely to affect injuriously the use of
energy by the supplier orby other persons, or whichislikely to cause
danger, he may give the consumer reasonable notice in writing that
he desires to inspect and test the consumer’s installation.

(2) If, on such notice being given—

(@) the consumer does not give all reasonable facilities for
inspecticn and testing of his installation, or

(b) a2 leakage exceeding one-five-thousandth part of the max-
imum current supplied to the consumer’s installation is shown to
exist, the supplier may and if directed so to do by the Inspector, shall
discontinue the supply of the installation but only after sending to
the consumer forty-eight hours’ notice in writing of disconnection
of supply and shall not re-commence the supply until go or the
Inspectoris satisfied that the cause of the leakage hasbeen removed.

50. Supply to consumers. (1) The supplier shall not com-
mence or continue to give supply of energy to any consumer unless:

(a) a suitable linked switch or a circuit-breaker of requisite
capacity to carry and break the current is placed as near as possible
to, but after the point of commencement of supply as defined under
rule 58, so as to be readily accessible and capable of being easily
operated to comp:etely isolate the supply to the installation, such
equipment being in addition to any equipment mstalled for con- -
trolling individual circuits or apparatus.

Provided that where the point of commencement of supply and
the consumer’s apparatus are near each other, one linked switch or
circuit-breaker near the point of commencement of supply shall be
considered sufficient for the purpose of this rule:

(b) a suitable linked switch or circuit-breaker of requisite
capacity to carry and break the full load current is inserted on the
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secondary side of a transformer, in the case of gh or extra high
voltage installation. Provided, however, th-t the linked switch on
the primary side of the transformer may be such capacity as to carry
the full load current and to break only the magnetism current of the
transformer :

Provided further that the provision of this clause shall not apply
to transformers installed in sub-stations up to and including 100
KVA belonging to the supplier ;

(c) every distinct éircuit is protected against excess energy by
means of a suitable cut-outora circuitbreaker or adequate breaking
capacity suitably located and so constructed as to prevent danger
from over heating, arcing or scattering of hot metal when it comes
into operation and to permit of ready renewal of the fusible metal
of the cut-out without danger :

(d) the supply of energy to each motor or other apparatus is
controlled by a suitable linked switch or acircuit-breaker of requisite
capacity placed in such a position as to be adjacent to the motor or
other apparatus readily accessible to and easily operated by the
person in charge and so connected in circuit that by its means all
supply of energy can be cut off from the motor or apparatus, and

Irom any regulating switch, resistance or other device associated
therewith ;

(e) allinsulating material is chosen with special regard to the
circumstances of its proposed use, the mechanical strength being
sufficient for its purpose, and so far as is practicable, is of such a
character or so protected as to maintain adequately its insulating
properties under all working ‘conditions in respect of temperature
and moisture ; and i

() adequate precautions are taken to ensure thatno live parts
are so exposed as to cause danger.

(2) Every consumer or other user of energy shall so maintain
his installation as to conform at all times to the provisions sub-rule
(L), and shall use all reasonable means in his power to ensure that,
where energy is supplied by a supplier, no person other than the
supplier shall interfere with the service-lines and apparatus placed
by the supplier on his premises. ‘

51. Provisions applicable to medium high or extra-high
voltage installations. The following provisions shall be observed
where energy at medium, high or extra-high voli. e is supplied,
converted, transformed or used : S

(1) (@) AN conductorrs (other than those of overhead lines) shall
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be completely enclosed in mechanically strong metal casing or
metallic covering which is electrically and mechanically continuous
and adequately protected against mechanical damage unless the
said conductors are accessible only to an authorised person or are
installed and protected to the satisfaction of the Inspector so as to
prevent danger.

(6) All metal work enclosing, supporting or associated with the
installation other than that designed to serve as a conductor shall
if considered necessary by the Inspector, be connected with earth.

(¢) Every main switch board shall comply with the following
provisions, namely :

(i) a clear space of not less than 1 metre in width shall be
provided in front of the switchboard -

(i) ifthereare any attachments or bare connections at the back
of the switchboard, the space (if any) behind the switchboard shall
be either less than 20 cms. or more than 75 ems. In width, measured
from the farthest outstanding part of any attachment or conddctor.

(iii) ifthespacebehind the switchboard exceeds 75 cms in width,

there shall be a passage-way from either end of the switchboard
clear to a height of 1.8 m.

/ (2) Whereanapplication hasbeen made toa supplier for supply
of energy to any installation, he shall not commence, or where the
supply has been discontinued, recommence the supply unless he is
satisfied that the consumer has complied in all respect with the
conditions of supply set out in sub-rule (1) of this rules 50 and 64.

(3) Where a supplier proposes to supply or use energy at
medium voltage or to recommence supply after it has been discon-

tinued for a period of six months, he shall, before connecting or

reconnecting the supply, give notice in writing of such intention to
the Inspector.

(4) If at any time after connecting the supply, the supplier is
satisfied that any provision of sub-rule (1) of this rule, or of rules 50
and 64 is not being observed, he shall give notice of the same in
writing to the consumer and the Inspector specifying how the pro-
vision has not been observed and may discontinue the supply if the
Inspector so directs, :

48. Appeal to Inspector in regard to defects :— (1) If any
applicant for a supply or a commence is dissatisfied with the action
of the supplier is declining to commence, to continue or to recom-
mense the supply of energy to his Premises on the grounds that the
installation is.defective or is likely to constitute danger, he may
appeal to the Inspector to test the installation and the supplier shall
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not, if the inspector or, under his orders, any other officer appointed
to assist the Inspector, is satisfied that the installation is free from
the defect or danger complained of be entitled to refuse suppiy to
the consumer on the grounds aforesaid, and shall, within twenty-
four hours, after the receipt of such intimation from the Inspector,
commence, continue or recommence the supply of energy.

(2) Any test for which application has been made under the
provision of sub-rule (1) shall be carried out within seven days after
the receipt of such application.

(3) This rule shall be endorsed on every notice given under the
provisions of rules 37, 48 and 49.

53. Costofinspection andtestof consumer’sinstallation:
— (1) The cost of the first inspection and test of a consumer’s

installation carried out in pursuance of the provisions of rule 47

shall be borne by the supplier and the cost of every subsequent
inspection and test shall be borne by the consumer, unless in the
appeal under rule 52, the-Inspector directs otherwise.

(2) The cost of any inspection and test made by the Inspector,
at the request of the consumer or other interested party, shall be
borneby the consumer or other interested party unless the Inspector
directs otherwise.

(3) The cost of each and every such inspection and test by
whomsoever borne shall be calculated in accordance with the scale
specified by the Central or the State Government as the case may
be in this behalf.

54. Declared voltage of supply to consumer. Except with
the written consent of the consumer or with the previous sanction
of the State Government a supplier shall not permit the voltage at
the point of commencement of supply as defined under rule 58 to
vary frem the declared veltage by more than 5 per cent in the case

of low or medium voltage or by more than 1212 per cent in the case
of high or extra-high voltage. -

55. Declared frequency of supply to consumer. Except
with the written concent of the consumer or with the previous
sanction of the State Government, a supplier shall not permit the
frequency of an alternating current supply to vary from the declared
frequency by more than 3 per cent.

56. Sealing of meters and cut-outs :— (1) A supplier may
affix one or more seals to any cut-out and to any meter, maximum
demand indicz*or or other apparatus placed upon a consumer’s

- 45
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premises in accordance with section 26, and no person other than
_ the supplier shall break any such seal.

(2) The consumer shall use all reasonable means in his power
to ensure that no such seal isbroken otherwise than by the supplier.

(3) The word ‘supplier’ shall for the purpose of this rule include
a State Government when any meter, maximum demand indicator

or other apparatus is placed upon a consumer’s premises by such
Government. ‘

57. Meters, maximum demand indicators and other
apparatus on consumer’s premises :— (1) Any meter or maxi-
mum demand indicator or other apparatus placed upon a consumer’s
premises in accordance with section 26 shall be of appropriate

.capacity and shall be deemed to be correct if its limits of error do
not exceed 3 per cent, above or below absolute accuracy at all loads
in excess of one-tenth of full load and up to full load. ‘

(2) No meter shall register at no load.

(3) Every supplier shall provide and maintain in proper con-
dition such suitable apparatus as may be prescribed or approved by
the Inspector for the examinatien, testing and regulation of meters
used orintended to be used in connection with the supply of energy:

Provided that the supplier may with the approval of the
Inspector and shall, if required by the Inspector enter into a joint
arrangement with any other supplier for the purpose aforesaid.

(4) Every supplier shall examine, test and regulate all metres,
maximum demand indicators and other apparatus for ascertaining
the amount of energy supplied before their first installation at the
consumer’s premises and at such other intervals as may be directed
by the State Government in this behalf.

(5) Every supplier shall maintain a register of meters showing
the date of a last test, the error recorded at the time of the test the
limit of accuracy after adjustment and final test, the date of
installation ; withdrawal, reinstallation, etc., for the examination
of thenspector or his authorised representative,

58. Point of commencement of supply :—The point of
commencement of supply of energy to a consumer shal] be deemed’
to be the point at the outgoing terminals of the cut-outs inserted by
the supplier in each conductor of every service line other than an
carthed or earthed neutral conductor or the earthed external con-
ductor of a concentric cable at the consumers premises.

59. Precautions against failure of supply : Notice of
failures— (1) The lay-out of the electric supply lines of the supplier
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for the supply of the energy throughout his area of supply shall
undernormal working conditions be sectionalized and so arranged,
- and provided with cut-outs or circuit-breakers so located, as to
- Testrict within reasonable limits the extent of the portion of the
system affected by any failure of supply.

(2) The supplier shall take all reasonable precautions to avoid
any accidental interruption of supply, and also to avoid danger to
the public or to any employee or authorised person when engaged.
on any operation during and in connection with the installation,
extension, replacement, repair and maintenance of any works.

(3) The supplier shall send to the Inspector notice of failure of
supply of such kind as the Inspector may from time to time require
to be notified to him, and such notice shall be sent by the earlier
practicable post after the failure occurs or after the failure becomes
known to the supplier and shall be in such form and contain such
particulars as Inspector may from time to time specify.

(4) For the purposes of testing or for any other purposes con-
nected with the efficient working of the undertaking, the supply of
energy may be discontinued by the supplier for such period as may
be necessary subject (except in cases of emergency), to not less than
twenty-four hours’ notice being given by the supplier to all claz :es
of consumers specified by the Inspector likely to be affected by such
discontinuance ; and in the event of any consumer or consumers
from such classes of consumers objected, the supply of energy shall
not be discontinued (except in cases of emergency), without the
consent of the Inspector and subject to such conditions as he may
impose. :

60. Text for resistance of insulation :— (1) Where any
electric supply line for use at low or medium voltage has been
disconnected from a system for the purpose of addition or alteration
or repair, such electric supply line shall not be reconnected to the
system until the supplier or the owner has applied the test pre-
- seribed under rule 48,

(2) The provision of sub-rule (1) shall not apply to overhead
lines except overhead insulated cables unless the Inspector other-
wise directs in any particular case.

61. Connection with earth :— (1) The follewing provisions
shall apply to the connection with earth of systems at low voltage
in cases where the voltage normally exceeds 125 volts and of systems
at medium voltage.

(a)r The negtral conductor of a three-phase four-wire system,
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and the middle conductor of a two-phase three-wire system
shall be earthed by not less than two separate and distinct
connections with earth both at the generating station and
at the sub-station. It may also be earthed at one or more
points along the distribution system or service line in
addition to any connection with earth which may be at
consumer’s premises, ’

In the case of a system comprising electric supply lines’
having concentric cables, the external conductor of such
cables shall be earthed by two separate and distinct con-
nections with earth. A

The connection with earth may include a link by means of
which the connection may temporarily interrupted for the
purpose of testing or for locating a fault. '

(i) In a direct current three-wire system the middle con-
ductor shall be earthed at the generating station only, and
the current from the middle conductor to earth shall be
continuously recorded by means of a recording ammeter,
andif at any time the current exceeds one-thousandth part
af tha maximum supply current, immediate steps shall be
taken to improve the insulation of the system.

Where the middle conductor is earthed by means of a
circuit-breaker with a resistance connected in parallel, the
resistance shall not exceed 10 ohms and on the opening of
the circuit-breaker immediate steps shall be taken to
improve theinsulation of the system, and the circuit beaker
shall be reclosed as soon as possible.

Inthe case of an alternating current system, there shall not
be inserted in the connections, with earth any impedance
(other than that required solely for the operation of
switch-gear or instruments, cut-out or circuit beaker, and
theresult of any test made to ascertain whether the current
(if any) passing through the connection with earth is nor-
mal, shall be duly recorded by the supplier.

No person shall make connection with earth by the aid of,
nor shall be keep it in contact with, any water main not
belonging to him except with the consent of the owner
thereof and of the Inspector,

Alternating current systems which are connected with
earth as aforesaid may be electrically interconnected.

Providéd that each connection with earthisbonded to the metal
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sheathing and metallic armouring(ifand) of the electric supply lines
concerned.

(2) The frame of every generator, stationary motor, aad so far
as is practicable, portable motor, and the metallic parts (not
intended as conductors) of all transformers and any other agparatus
used for regulating or controlling energy and all medium voltage -
energy consuming apparatus shall be earthed by the owner by two
separate and distinct connections with earth. '

(3) All metal casings or metallic coverings containing or pro-
tecting any electric supply-line or apparatus shall be connected with
earth and shall be so joined and connected across all junction boxes
and other openings as to make good mechanically electrical con-
nection throughout their whole length :

Provided that where the supply is at low voltage, this sub-rul-
shall not apply to isolated wall tubes or to brackets, electroliers,
switches, fans, regulators covers or other fittings (other than per-
table hand lamps and portable and transportable apparatus unless
provided with earth terminal. '

This sub-rule shall come into force immediatelv in the case of
new installation and in case of existing installations the provisions
of this sub-rule shall be complied with before the expiry of a pericd
of two years from the commencement of those rules.

(4) All earthing systems shall, before electric supply lines or
apparatus are energised, be tested for electrical resistanceto encure
efficient earthing. '

(5) All earthing-systems belonging to the supplier shall, in
addition, be tested for resistance on dry day during thedry seascn
not less than once every two years.

(6) Arecord of every earthtest madeand the earth therecfshall
be kept by the supplier for a period of not less than two years after
the day of testing and shall by available to the Inspector when
required.

62. Systems of mediumvoltage :— Where a medum veltage
supply system is employed, the voltage between earth and any
conductor forming part of the said systems shall not, under normal
conditions, exceed low voltage.

63. Approval by Inspector :— (1) Before making an appli-
cation to the Inspector for permission to commence supply of energy
at high or extra-high voltage toany person, the suppliershall ensure
that the high or extra high voltage electric supply lines or apparatus
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belonging to him are placed in position, properly joined and duly
completed and examined. The supply of energy shall not be com-
menced by the supplier unless and until the Inspector is satisfied
that the provisions of rules 65 to 69 both inclusive have been
complied with and the approval in writing of the Inspector has been
obtained by him :

Provided that the supplier may energise the aforesaid electric
supply lines or apparatus for the purpose of tests specified in rule
65.

(2) The owner of any high or extra-high voltage installation
shall, before making application to the Inspector for approval of his
installatioi: or additions thereto, test every high or extra-high
voltage circuit or additions thereto, other than an overhead line,
andsatisfy himselfthat they withstand the application of the testing
voltage set out in sub-rule (1) of rule 65 and shall duly record the
results of such tests and forward them to the Inspector :

Provided that, an Inspector may direct such owner to carry out
such tests as he deems necessary or if he thinks fit, accept the
manufacturer’s certified test in respect of any particular apparatus
in place of the tests required by this sub-rule.

(3) The owner of any high or extra-high voltage installation
who makes any additions or alternations to his installation shall
net connect to the supply his apparatus or electric supply lines
comprising the said alterations or additions unless and until such
alterations or additions have been approved in writing by the
Inspector.

64. Use of energy at high or extra-high voltage. (1) The
Inspector shall not authorise asupplier to connecta supply of energy
at high or extra-high voltage to any consumer, unless—

(a) all conductors and apparatus intended for use at high or
. extra-high voltage and situated on the premises of the
consumer are in accessible except to authorised person and

all operations in connection with the said conductors and
apparatus are carried out only by an authorised person ; -

) the consumer has provided and agrees to maintain a sep-
arate building or a locked weather-proof and fireproof
enclosuvre of agreed design and location, to which the
supplier shall at all times have access, for the purpose of
housing his high or extra-high voltage apparatus and
metering equipment, or where the provision of a separate
building or enclosure is impracticable, the consumer has
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segregated the aforesaid apparatus of the supplier from any
other part of his own apparatus.

Provided that such segregation shall be by the provision fire-
proof walls, if the Inspector considers it to be necessary ;

Provided further that in the case of an out-door installation
the consumer shall suitably segregate the aforesaid apparatus

belonging to the supplier from his own to the satisfaction of the

Inspector.

(c)

all pole type sub-stations are constructed and maintained
in accordance with rule 69.

(2) The following provisions shall be observed where energy at

(a)

(®)

(d)

high or extra high voltage is supplied, converted, trans-
formed or used—

Allconductors or live varts of any apparatus shallordinarily
be inaccessible.

All windings, at high or extra-high voltage of motofs orother
apparatus within reach from any positionin which a person
may require to be, shall be suitably protected so as to pre-
vent danger.

Where transformer or transtormers are used, suitable
provision shall be made, either by connecting with earth a
point of the circuit at the lower voltage or otherwise, to
guard against danger by reason of the said circuitbecoming
accidentally charged above its normal voltage by leakage
from or contact with the circuit at the higher voltage.

(i) Where a sub-station or a switch-station is situated in any
building and where fire in the sub-station or switch station
might involve risk to the said building and the said sub-
station or switch-station contains oil-immersed trans-
formers, switches or static condensers involving the use of
more than 2000 gallons (2,270.5 litres of oil in one chamber,
provision shall be made for suitable oil soak-pit'and where
use of more than 2,000 gallons (9,082 liters) of oil in any
one oil-tank, receptacle or chamber is involved, provision
shall be made for the draining away or removal of any oil
which may leak or escape from the tanks, receptacles or
chambers containing the same ; special precautions shall
be taken to prevent the spread of any fire resulting from
theignition of the oil from any cause and adequate provision
shall be made for extinguishing any fire which may occur.
Spare cil shall not be stored in any such sub-station or
switch-station. '
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(11)

(e)

9
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Cable trenches inside sup-stations and switch-stations
containing cables shall be filled with sand, pebbles or
similar non-inflammable materials or completely covered
with non-inflammable slabs,

Unless the conditions are such that all the conductors and
apparatus foruse at high or extra-high voltage may be made
dead at the same time for the purpose of cleaning or for
other work thereon, the said conductors and apparatus
shallbe so arranged that they maybe made dead in sections,
and that work on any section made dead may be carried on
by an authorised person without danger.

Adequate precautions shall be taken to prevent unautho-
rised access to any part of the installation designed to be
electrically charged at high or extra high voltage.

Voltage tests :— (1) High and extra-high voltage electric

supply-lines (other than overhead lines) and apparatus of the
supplier shall not be connected to a systemforthe purposes of supply
oruseof‘energyunlesstheinsulationofthesaidelectric supply-lines
and.apparatus has withsteod, either—

(i)

(i)

®)

(c)

the tests prescribed in that behalf in the appropriate
specification of the Indian Standards Institution or in jts
absence the British Standards Institution then current ;
or

in cases where no such tests have been prescribed, the
cotinuous application, between conductors and also
between conductors and earth duringa period of one minute
of the testing voltage given in subrule (2).

For the purposes of clause (i1) of sub-rule (1)—

if the normal working voltage does not exceed 1,000 volts,
the testing voltage shall be 2,000 volts ;

if the normal working voltage exceeds 1,000 volts, but does
not exceed 11,900 volts, the testing voltage shall be double
the normal working voltage ;

if the normal working voltage exceeds 11,000 volts, the .
testing voltage shall be normal working voltage plus 10,000
volts :

Provided that an apparatus which is not new shall be tested in
such manner as the Inspector may specify.

(3) If the test prescribed in sub rule (1) is made prior to the
said electric supply-lines and apparatus being placed in position for
the purposes of supply of energy, the said electric supply-lines and
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‘the apparatus after having been placed in position and before being

con‘nected to the system shall have withstood a further test for
resistance of insulation either by the application of the tests pre-
seribed in sub-rule (1) whenever reasonably practicable, or by the
application of a testing voltage of not less than 1,000 volts either
alternating current or direct current between conductors and also
between conductors and earth during a period of not less than one
minute.

(4) Where any electric supplyline (other than an overhead line)
or apparatus for use at high or extra-high voltage has been dis-
connected from a system for alteration or repair, such electric supply
line or apparatus shall not be recollected to the system until the
supplier has applied the test prescribed in sub rule (3) and satisfied
himself that the insulation of the electric supply line or apparatus
is in sound condition.

(5) The supplier shall duly record the result of every test made
under this rule.

- (6) Notwithstanding the provisions of sub-rules(1)to (4), (ooth
inclusive) the Inspecter may, where he thinks fit, accept the
manufacturer’s certified tests in place of the tests prescribed in this
ruie.

66. Metal sheathed electric supply lines : Precautions
against excess leakage :— (1) The following provisiors shall
apply to eleciric supply-lines [other than overhead-lines) of a
supplier for use at high or extra-high voltage :

(@) The conductors shall be enclosed in metal sheathing which
shall be electrically continuous and connected with earth,
and the conductivity of the metal sheathing shall be
maintained and reasonable precautions taken where nec-
essary to avoid corrosion of the sheathing.

(b) Intheevent ofafailure of insulation occurringbétween cne
conductor and the metal sheathing at any point along an
electric supply line as aforesaid, the impedance of the
relevant circuit shall be such that, with the full voltage
maintained at the source of supply, the current resulting
from such failure shall not be less than twice the value of
the current for which a suitable cut-out of adequate rup-
turing capacity or other suitable overload protective device
has been set to operate or the current required to operate
a suitable discriminative fault current relay :

Provided that the operation of the aforesaid overload protective
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device or of the discriminative fault current relay shall cause the

automatic operation of a circuit-Breaker of adequate rupturing
capacity.

The relevant circuit herein before referred to means the com-
plete circuit from the source of supply to the point of failure of the
insulation, including any connection with earth of the system of
which the electric supply line as aforesaid forms part and any
current-limiting device inserted in such connection with earth ; and
the source of supply means the point at which energy is given to the

system or circuit of which the electric supply line as aforesaid forms
part.

(c) Where an electric supply-line as aforesaid has concentric
cables add the external conductoris insulated from an outer
metal sheathing and connected with earth, the external
conductor may be regarded as the metal sheathing for the
purposesofthis rule, provided that the foregoing provisions
as to conductivity are complied with.

"(2) Nothingin the provisions of sub-rule (1) shall preclude the
employment in generating stations, sub-stations and switch-
stations (including outdoor sub-stations and outdoor switch-
stations) of conductors for use as high or extra-high voltages which
are not enclosed in metal sheathing or preclude the use of electric
supply lines laid before the prescribed date to which the provisions
of these rules apply.

67. Connection with earth :— (1) The following provisions
shall apply to the connection with earth of three-phase systems for
use at high or extra-high voltages :

In the case of star-connected systems with earthed neutrals or
delta connected systems with earthed artificial neutral point :

(a) the neutral point shall be earthed by not less than two
separate and distinct connections with earth each having
its own electrode at the generating station and at the
sub-station and maybe earthed at any other point, provided
that no interference of any description is caused by such
earthing ;

() in the event of an appreciable harmonic current flowing in
the neutral connections so as to cause interference with
communication circuits, the generator or transformer
neutral shall be earthed through a suitable impedance.

(2) Single-phase high or extra-high voltage systems shall be
earthed in a manner approved by the Inspector.
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(3) Ia the case of a system comprising electric supply lines
having concentric cables, the external conductor shall be the one to
be connected with earth.

~ (4) Whereasupplier proposes to connect with earth an existing
system for use at high or extra-high voltage which has not hitherto
been so connected with earth, he shall give not less than fourteen
days’ notice in writing together with particulars to the telegraph
authority of the proposed connection with earth.

(5) Where the earthinglead and earth connection are used only
in connection with earthing guards erected under high or extra-high
voltage overhead lines where they cross a telecommunication line
or a railway line, and where such lines are equipped with earth
leakage relays of a type and setting approved by the Inspector, the
resistance shall not exceed 25 ohms.

(6) In sofar as the provisions of rule 61 are consistent with the
provisions of this rule, all connections with-earth shall also comply
with the provisions of that rule.

Rule No. 70. Suitable arrangerﬁent for automatic discharge of
static condenser shall be made on disconnection of supply.

71. Additional provision for supply to high voltage
luminous tube sign installation :— (1) Any person who proposes
to use or whois using energy for the purpose of operatinga luminous
tube sign installation, or who proposes to transform or who is
transforming energy toa high voltage for any such purpose shall
comply with the following conditions : :

(a) Alllive partsofthe installation including all apparatus and
live conductors in the secondary circuit, but excluding the
tubes except in the neighbourhood of their terminals shall
be inaccessible to unauthorized persons and such parts
shall be effectively screened.

(b) Trrespective of the method of obtaining the voltage of the
circuit which feeds the luminous discharge tube sign, no
part of any conductor of such circuit shall be in metallic
connection (except in respect of its connection with earth)
with any conductor of the supply systemor withthe primary
winding of the transformer.

(c) Alllive parts of an exterior installation shall be so disposed
as to protect them against the effects of the weather, and
such installation shall be so arranged and separated from
its surroundings as to limit, as far as possible, the spreading
of fire.
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(d) The secondary circuit shall be permanently earthed at the
transformer and the core of every transformer shall be
earthed.

(e) Where the conductor of the Primary circuit are not in
metallic connection with the supply conductors (e.g., where
a motor-generator or a double-wound convertor is used),
one phase of such Primary circuit shal] be permanently
earthed at the motor-generator or convertor, or at the
transformer.

() Afinalsub-circuit which forms the Primary circuit of a fixed
luminous-discharge~tube signinstallation shall be reserved
solely for such purpose.

@) A separate pri mary final sub-circuit sha]] be provided for
each transformer or each group of transformers having an
aggregate input not exceeding 1000 volt amperes, of a fixed
luminous discharged-tube sign installation.

(h) An interior installation shall be provided with suitable
adjacent means for disconnecting all phases of the supply
except the “neutral” in a three phase four-wire circuit.

() For instsllations ¢n the extericr of 5 building a suitable
emergency fire-proof linked switch to operate on all phases
except the neutral in a three-phase four-wire circuit shall
be provided and fixed in a conspicucus position at not more
than 2.75 metre above the ground.

(k) A special “caution”notice shall be affixed in a conspicuous
place on thedoor ofevery high voltage enclosure to the effect

that the high voltage supply must be cut off before the
enclosure is opened.

(I) Where static condensers are used, they shall be installed
on the load side of the fuses and the primary (low voltage)
side of the transformer. -

(m) Where static condensers are used on primary side, means
shall be provided for automatically discharging the con-
densers when the supply is cut off :

Provided that static condensers or any circuit interrupting
devices on the high or extra-high voltage side shall not be used
without the approval in writing of the Inspector.

(2) The owneroruser of any luminous tube signor similar and

voltage installation shall not bring the same into use without giving
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75. Joints. The ultimate strength of the joint should not be less
than 95% of the conductor and electric conductivity equal to the
conducter. :

76. Maximum stress Factor of safety.
(a@) For metal supportes—2.0
(b) For mechanically processed concrete supports—2.5
(¢) For hand moulded concrete supports—3:0
(d) For wood supports—3.5
77. Clearance above ground of the lowest conductor :—
(1) No conductor of an overhead line, including service lines, erected
across a street shall at any part thereof be at a height less than—
(a) for low and medium voltage lines 5.8 metre
(b) for high voltage lines 6.1 metre
(2) No conductor of an overhead line, including service lines,

erected along any street shall at any part thereofbe at a height less
than—

(a) for low and medium voitage lines 5.5 metre
(b) for high voltage lines 5.8 metre

(3)No conductor of an overhead line including service lines,
erectedelsewhere than alongoracross any street shallbe at aheignt
less than—

(@) forlow, mediumandhighvoltagelines .. 4.6 metre
up to and including 11,000 volts, if bar

(6) forlow, mediumandhighvoltagelines .. 4 metre
up to and including 11,000 volts, if )
insulated

(¢) for high voltage lines above 11,000 .. 5.2 metre
volts

(4) For extra-high voltage lines the clearance above ground
shall not be less than 5.2 metre. plus 0.3 metre for every 33,000 volts
or part thereof by which the voltage of the line exceeds 33,000
volts :

Provided that the minimum clearance alongor across any street
shall not be less than 6.1 metre.

79. Clearance frombuildings of low and medium voltage
lines and service lines :— (1) Where a low or a medium voltage
overhead line passes above or adjacent to or terminates on any
building, the following minimum clearances form any accessible
point, on the basis of maximum sag, shall be observed :
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(@) for any flat roof, open balcony, verandah roof and lean to
roof— '

(i) when the line passes ahove the building a vertical
clearance of 2.5 metre from the highest point, and

(ii) when the line passes adjacent to the building a hori-
zontal clearance of 1.2 metre from the nearest point, and

(b) for pitched roof—

(1) when the line passes above the building a vertical
clearance of 2.5 metre immediately under the lines
and—

(tz) when the line passes adjacent to the building a hori-
zontal clearance of 1.2 metre

(2) Any conductor so situated as to have a clearance less than
that specified in sub-rule (1) shall be adequately insulated and shall
be attached by means of metal clips at suitable intervals to a bare
earthed bearer wire having a breaking strength of not less than 350
kg.

(3) The horizontal clearance shall be measured when the line
1s at a maximum deflection from the vertical due to wind pressure.

80. Clearance from buildings of high and extra-high
voltage lines :— (1} Where a high or extra high voltage overhead
line passes above or adjacent to any building or part of a building
itshall have on the basis of maximum sag a vertical clearance above
the highest part of the huilding immediately under such line, of not
less than=

(@) for high voltage lines up to and .. 3.7 metre
including 33,000 volts
(6) for extra-high voltage line 3.7 metre plus 0.3 metre

for every additional
33,000 wvolts or part

(2) The horizontal clearance between the nearest conductor
and any part of such building shall on the basis of maximum
deflection due to wind pressure, be not less than—

(@) for high voltage lines up to and .. 1.2 metre
including 11,000 volts

(b) for high voltage lines above 11,000 ... 2 metre
volts and up to and including 33,000
volts

(c) for extra-high voltage .. 2 metre plus 0.3 metre for
lines every additional 33,000

volts or part thereof.
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85. Maximum intervals between supports. All conductors
shallbe attached to supports atinterval netexceeding the safe limits
based on the ultimate tensile strength of the conductors and the
factor of safety prescribed in rule 76 :

Provided that in case of overhead lines carrying low or medium
voltage conductors, when erected in ower,alongoracross any street,
the intervals shall not, without the centent in writing of the
Inspector, exceed 65 metre.

86. Conditions to apply where nlecommumcatxon lines
and power lines are carried on same supports. :— (1) Every
overhead telecommunication line erected on supports carrying a
power lines shall consist of conductors each having a breaking
strength of not less than 270 kg.

(2) Every telephone used on a telecommunication line erected
on supports carrying a power line shall be suitably guarded against
lighting and shall be protected by cut-outs.

(3) where a telecommunication hine is erected on supzorts
carrying high or extra-high voltage power line arrangement shall
be made to safeguard any person using the telephone against injury
resulting from contact, leakage or induction between such power
and telecommunication lines.

87. Lines crossing or approaching each other. Where an
overhead line crosses or is in proximity to any telecommunication
line, the owner of the overhead line shall protect it in a manner laid
down in the Code of Practice of the Power and Telecommunication
Co-ordination Committee.

(2) Whenitisintendedtoerecta te1ecommun1catnon line-which
willcross orbein proximity to an overhead linethe person, proposing
to erect such telecommunication line shall give notice in writing of
his intention to the owner of the overhead line and the owner of the
overhead line shall, within twnety-one days of receiving such notice
provide the protection referred to in sub-rule (1).

(3) Where an overhead line crossed or is in proximity to an
overhead line belonging to another person, the owner of the line
which was last erected shall so protect it as to guard against the
possibility of its coming into contact with the other overhead line.

(4) A person erecting or proposing to erect an overhead line
may require theowner of the overhead line to provide the protection
referred to in sub-rule (3) within twenty-one days of the receipt of
the notice in that behalf.
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(5) ‘In all cases referred to in the preceding sub-rule, the
expenses of making the guarding arrangement shall be born by
persoé whose line was last erected.

(6) Where two line cross, the crossing shall be made as nearly
at right angle as the nature of the case admits,

(7) The guarding arrangement shall ordinarily be carried out
by the owner of the support on which is made and he shall be
responsible for its efficient maintenance. '

(8) All vork required to be done by or this rule shall be carried
out to the satisfaction of the Inspector.

88. Guarding:— (1) Where guarding is required under these
rules the provisions of sub-rules (2) to (4) shall apply.

(2)_’ Every guard-wire shall be connected with earth at each
- point at which its electrical continuity is broken.

(3) Every guard-wire shall has an actual breaking strength of
not less than 635 kg. and if made of iron or steel, shall be galvanized.

(4) Everyguard-wireor cross-connected system ofguard-wires,
<Lail have sufficient current-carrying capacity to ensure the ren-
dering dead, without risk of fusing of the guard-wire tjl] or wire the
contact of any live wire has been removed.

(5) Lines crossing trolley-wires-In the case of a crossing over a
trolley: wire the guarding shall fulfil the following conditions,
namely: ‘

(@) where there is only one trolley-wire, two guard-wires shall
be erected as in diagram A ;

() where there are two trolley-wires and the distance between
them donot exceed 40 ems. Two guard-wires shallbe erected
asin diagram B ;

(c)  where there are two trolloy-wires and the distance between

them exceeds 40 cms. but does not exceed 48 inches or

- 1.219 m. three guard-wires shall be erected as in diagram
iC;

(d}  where there are two trolley-wires and the distance between

“them excceds 1.20 metre each trolley-wire shall be sepa-
‘rately guarded as in diagram D ; .

(e) ‘the rise of the trglley beam shall be so limited that if the

‘trolley leaves the trolley-wire, it shall not foul the guard-
“wires ; and :
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() where a telegraph-line is liable to fall or below down upon
an arm, stay-wire or span-wire, and so side down uponia
trolley-wire, guard hooks shall be provided to prevent such
sliding.
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89. Service-lines from overhead lines. No service-line or
tapping shall be taken off an over-head line except at point of sup-
port.

90. Earthing :— (1) All metal support of overhead line and
metallic fittings attached thereto, shall be permanently and effi-
ciently earthed For this purpose a continuous earth wire shall be
provided and securely fastened to each pole and connected with
ordinarily atf ur point in every mile or 1.6 km. the spacing between
the points be.ig as nearly equidistant as possible. Alternatively,
each supportand metallic fitting attached theretoshallbe efficiently
earthed.

(2) Each stay-wire shall be similarly earthed unless an insu-
lator has been placed in at a height not less than 3 metre from the
ground.

91. Safety and protective devices :— (1) Every overhead
line (not being suspended from a dead bearer wire not being covered
with insulating material and not being a trolley-wire erected over
any part of a streets or other public place or in any factory or mine

- 46
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0T on any consumer’s premises) shall be protected with a device
approved by the Inspector for rendering the line electrically
harmless in case it breaks.

(2) An Inspector may by notice in writing require the owner of
_ any such overhead lines yherever it may be erected to protect it in

the manner specified in sub-rule (1). '

(3) The owner of very high and extra-high voltage overhead

line shall make adequate arrangements to the satisfactions of the

92. Protection against lightning :— (1) The owner of every
overhead line whichis so exposed as to be injury from lighting shall
adopt efficient means for diverting to earth any electrical surges
due to lightning.

(2) The earthing lead for any lightning arrestor shall not pass
through any iron or steel pipe, but shall be taken as directly as
possible from the lightning-arrestor to a separate earth electrode
subject to the avoidance of bends wherever practicable.

Service Lines—The licensee shall lay free of charge 100 feet
of service line from his nearest distribution main outside the limits
of the property, in respect of which the requisition is made. Any
length in excess of 100 feet,"as defined above and the whole of the
service line within the limits of the property in respect of which the
application is made shell be paid for by the applicant. The cost
mentioned above, however, shall be exclusive of the proportionate
cost of first pole and fitting beyond 100 feet aforesaid. The propor-
tionate cost of such poles and fittings shall be in the same ratio as
100 feet is to the length of the line beyond 100 feet from the point
or tap-off of the service and the second support of the service | e.

The main cut-outs or fuses shell be inserted and sealed by he
licensee free of cost to the consumer.

Consumer not to interfere with the supply mains or
apparatus—The meter boards, main cut-outs etc. must on, not be

handled or removed by any one who is not in the employment of the

licensee. The seals v-i-h are fixed on the meters and the licensee’s
apparatus must on, not be broken.

Wiring on consumer’s premises— For the protection of the
“onsumer and the public generally, it is necessary that the wiring
on the consumers premises should conform to the LE. Rulesand the
Rules of the Fire Insurance company in terms of which the building
isinsured and be carried out by a licensed electrical contractor.
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The material used for wiring shall comply with the standard laid
down in that behalf by the Indian Standards Institution or
equivalent. As soon as the consumer's installation is completed in
all respects and tested by the consumer’s contractor, the consumer
chould submit to the licensee, the wiring contractor’s completion
and test report. A form for this purpose shall be supplied by the
Jicensee. Itis important that the conditions named therein are fully
complied with as otherwise there will be a delay in obtaining the
supply.

As required by Rule 45 of the Indian Electricity Rules, 1956 no
electrical installation work (including addition, alteration, repairs
and adjustments to existing installations), except such replacement
of lamps, fans, fuses, switches, low voltage domestic appliances and
fitting as in no way after the capacity and the character of the
installation, shall be carried out upon the premises on behalf of any
consumer or owner for the purposes of supply of energy to such
consumer or owner, except by an electrical contractor, licensed by
the Government, in this behalf and under the direct supervision of
a person holding a certificate of competency issued or recognised by
the Government. Any person holding a certificate of competency
issued or recognised by the Government. Any person committing @
breach of Rule 45 shall render himself liable to punishment under
Rule 139 of the said Rules.

Apparatus on consumer’s premises— (a) All transformers,
switchgear and other electrical equipment belonging to s
consumer and connected to the mains of the licensee shall be
maintained to the reasonable satisfaction of the license.

(b) In the case of high voltage consumers, suitable protective
devices approved by the licensee shall be used so as to afford full
protection to the licensee’s apparatus placed on the consumer's
premises. ' -

Procedure fortesting installation by the licensee and fee.

(a) Upon receipt of the test report, the licensee shall notify to
the applicant the time and the day when the licensee’s
representative proposes to inspect and test the installation. It will
then be the duty of the applicant to arrange that a representative
ofthe wiring contractor employed byhimispresentat theinspection
to give the licensee’s representative any information that may be
required by him concerning the installation.

(5) No connection shall be made until the consumer'’s
installation has been inspected and tested by the licensee and found
satisfactory. Nocharge shallbe made for the first test by the licensee
but subsequent test to faults disclosed at the initial test shall be
charged for in accordance with Part 11l of these conditions.
Periodical test of the installation will also be undertaken by the
licensee at rates that may be ascertained from his local office.
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(c) Before taking the insulation test of installation the wiring
mustbe completed in all respects. All fittings, whether incandescent
lamps, fans, motor, heating, cooking or other apparatus, must be
connected to the conductgrs and all fuses, must be in place and all
switches in the ‘on’ position before the tests are carried out. Tem-
porary wires or fittings or dead ends should not be included in the
installation and no part of the work should be left incomplete.

(d) A pressure of 500 volts will be applied between installation
and"earth”and the insulation resistance to earth after one minute’s
electrification shall be such as will not cause a leakage from the

installation exceeding one five thousandth part of the maximum
current demanded.

(e) The test between the poles should give at least half the
result of that to "earth".

() Manufacturer'stest certificatesin respectofall high voltage
apparatus shall be produced if required by the licensee.,

Extensions and alterations— Should the consumer, at any
time after the supply of energy has been commenced, increase the
number or size of lights, fan or motors etc. on his premises or in any
way alter the position nf his wiring therein, notice thereof must be
sent in writing to the licensee whose representative will call and
inspect the alteration and if necessary, change the meters and fuses
and alter the service line. Failure to give such notice may derange
the supply system and render the supply liable to be summarily
discontinued. During such time as alteration, additions or repairs
are being executed, the supply to the circuit which is being altered,
added to or repaired, must be entirely disconnected and it shall
remain disconnected until the alternations, additions, or repairs
have been tested and passed by the licensee.

Failure of supply :— (a) Should at any time the licensee's
service fuse or fuses fail, notice thereof should be sent to the licen
see’s local office or if there are sub-stations, to the nearest sub-
station. Only authorised employeesbearing the badge of the licensce
are permitted to replace these fuses in the licensee’s cut-outs.

onsumers are not allowed to replace these fuses and they will ~
render themselves liable to a heavy penalty, if the licensee’s seals
placed to protect his apparatus are broken. The licensee does not

allow his employees to carry out any repairs except replacement of
fuses in the consumer’s installation.

(6) The licensee shall not be liable for any claims for loss,
damage or compensation whatsoever arisingout of failures of supply
when such failure is due either directly orindirectly to war, mutiny,
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civil commotion, riot, strike, lockout, fire, fleod, tempest, lightning,
earthquake, or other force, accident or cause beyond his control.

Payment of bills— (a) Bills should be paid at the licensec's
local office within 15 days from the date of their presentation.

(b) Anycomplaints withregard to the accuracy of the bills shall
be made in writing to the licensee and the amounts of such bills
shall be paid under protest within the said period of 15 days. The
amounts of bills paid under protest will be regarded as advance to
the credit of the consumer’s account until such time as the bills in
dispute have been fully settled.

Accuracy of meters—Should the consumer dispute the
accuracy of any meter which is not his own property, he may, upon
giving notice and paying of prescribed fee, have the meter tested by
the licensee or the Electrical Inspector ....... in accordance with
Section 26 of the Act. In the event of the meter being tested by the
license and found to be beyond the lirhits of accuracy as prescribed
in the Indian Electricity Rules in force, from time to time, the testing
fee shall be returned and the amount of the bill adjusted in accor-
dance, with the result of the test taken with respect to the meter
reading of the three months prior to the month in which the dispute
has arisen, due regard bcmggn en to conditions of occupancy during
the mor*ths

Discontinuance of supply :— (a) If any consumer adopts any
electrical appliance which is likely to affect the supply to other
consumersorusesthe energysupplied or dealswithitinany manner
o0 as unduly of improperly to interfere with the efficient supply of
energy to any other person by the licensee, or fails to keep in proper
order any meter belonging to him by which the supply is registered.
or the licensee may discontinue the supply so long as such an
appliance is so adopted energy is so used or dealt with or the meter
1s not kept in proper order, as the case may be.

System of supply—Supply of energy shallbe given by licenses
in the following system, namely :

(i) Low Voltage—Direct current, two wire; or Alternating
Current. 1 & 50 Hz,

(it) Medium Voltage—Direct current, three wire, or Alter-
nating Current, three phase. 50 cycles ; and

(ii1) HighVoltage-—Alternating Current,three phase, 50 cycies.
Classification of installations—A. C. System— (a) Two-
wire single phase 230 volts—

(1) General supply not exceeding 10 amperes.
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(i) Motive power installations upto I BHP in aggregate.

(b) Four-wire, three phase, 230 volts between phase wires and
neutral — General supply exceeding 10 ampers.

(c) Three-wire,threephase, 230 voltsbetween phase — Motive
power installations of over I BHP.

~

D.C. System— (a) Two-wire 230 volts.
(i) General supply not exceeding 10 amperes.
(ir) Motive power installations upto ] BHP in aggregate.

(6 Three-wire 450 velts helizzn outers—Moti power
installations of over I BHP,

- General wiring condition :— (a) Mains. The consumer’s
mains shall in all cases be brought back to the licensee’s point of
~supply and sufficient cable shall be provided for connecting up with
the licensee’s apparatus.

(6) Switches and Fuses. The consumer shall provide linked
quick break main switches and a single pole fuse on each conductor
except theneutral cenductor which shall be fixed as near as possible
to the licensee’s meter board. ’

(c) Balance of Installation. If the connected load of any
installation exceeds 10 ampers at 230 volts, the installation shall
be wired on the group system; separate neutral wires being brought
back in eath case to the licensee’s point of supply. An approved type
of double pole linked switch shall control each main circuit. The
larap, fans or any other apparatus of which the installation consists
shall be so grouped that under nsrmal working conditions the
current will be flowing in the neutral wire.

(d) Medium Voltage Supply. With medium voltage supply,
Le., above 25C volts and upto 650 volts, the licensee’s mecter and
services cut-outs shall be enclosedin a strong teakwood box suitably
ventilated and provided with a hasp, staple and lock. All wires
between which a difference of potential of over 250 volts exists shall
be made inaccessible to unauthorised persons or enclosed in an -
.earthed metallic casing or conduit. A "Caution” Board printed in
Hindi and in the local language of the district shall be fixed thereto.

(e) Overhead Mains. In order to save the expense of a long
underground service on private property, a consumer may, with the
licensee’s approval, erect a pillar on that portion of his property
which is nearest to the license’s supply mains into which the service
shallbelaid and from which the consumer shall run overhead mains
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to his premises. These overhezd mains shall constitute a portion of
his installation and shall befaid in compliance with the Indian
Electricity Rules in force framtime to time. An efficient chocking
coil and lightning arrester my be fixed at the commencement of
the overhead line at the consener’s cost, should he desire the same,
as an additional protection frhis installation. <

() Earthing. Gas pges shall on no account be used for
earthing purposs.

(&) Domestic heatingand cooking. A special circuit for
heating and cooking shall beran from the licensee’s point of supply.
Wall plugs used on these ciwsits shall be of the three pin type, the
third pin being an earth mnection. Two pin plugs or lighting
sockets shall not be allowed All appliances used in the bathroom
for heating or washing purgses or in any damp location must be
effectively earthed.

(h) Plugs. All plugs shal be <witched on the live wire and not
on the neutral.

(i) Wiring. Single leads shall not be allowed to be run sepa-
rately in iron conduit.

() A.C. Motor instalation. Motor shall be provided with
contrel gear so as to prevet satisfactorily the maximum current
demand from the consumersinstallation exceeding the limits given
in the fallowing schedule atzny time under all possible conditions.
Failure to comply with thasercgulations will ren der the consumer
liable to disconnection fromthe supply cn account of interference
with the supply to other cassumers.

Nature of Sized Limit of maximum
supply instalizton current demanded
Single phase Upto and meluding I Six times full load current.
BHP
Three phase Above | BEPandup to  Three times full load current.
and includzg 10 BHP

Above 10 EEP and up Twice full load current.
to and irmhding 15

BHP
Above 15 EFP One and a half time full load

current.

Motor circuit shall be mntrolied by a triple pole linked switch -
projected by a no-volt release and T.P. fuses (or overload releases).

Itis important that the rekase should be maintained in thorough

working order. Wiring formotors shall be run with all three-phase
wiresbunchedina single metallic condrit, which shall be efficiently -

earthed throughout and emnected to the frame of the motor from

B . o con St
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which two separate earth wires shall be run. The minimum size of
the earth wire permitted is No. 14 S.W.G. All motors shall comply
in every respect with the Indian Electricity Rules'in force from time
to time.

Motor above I BHP shall be wound for three-phase, 400 volts
between phases.

(k) Power Factor of Apparatus. The apparatus shall have
a power factor of not less than 85 percent at normal working load.

Intending consumers are advised to consult the Engineer of the
licensee before ordering their motors, as in some cases it may be

practicable to relax the starting current limit dependent on the
location and conditions of working.

93. Unused overhead line :— (1) Where an overhead line
ceases to be used as an electric supply line, the ownershall maintain
it in a safe mechanical condition in accordance with rule 76 or shall
remove it.

(2) Where any overhead line ceases to be used as an electric
supply-line, an Inspector may, by a notice in writing served on the
owner, required him to maintain it in a safe mechanjcal condition
to remove it within fifteen days of the receipt of the notice.
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Annexure A
Table 1. P.V.C. Insulated Wires (Twisted Copper)
Equicalent | Nominal | No.and
Copper Con- | areain |Sizeof Wire P.V.C. Swxgle Core pP.V.C.
ductor Size mm* inmm Unrit Twin Core
Upto 65G¢ 1100 |Upto 600V
volts volts
17.044/18 15 1/1.40 Coil of 175.00 320/- 425/-
9144 m | .
3/.036/20 20 1/2.80 do 315.00 600/- 750/-
3/.029/22 25 /1.80 do 225.00 415/- 470/-
7/.029/22 40 V124 do 480.00 830/- 900/-
7/.036/20 6 1/2.80 do 720.00 1300/- 1550/-
7/.044/18 10 1/3.55 do 1200.00 | 1900/ | .2550/-
7/.052/17 16 7/1.70 do 1400.00 2500/- 2900/-
7/.064/16 25 T72.24 do 2300.00 3800/- 3800/-
19/.044/18 35 772.50 do 3320.00 4650/- =
19/.052/17 50 7/13.00 do 4500.00 T000/- —
19/.064/16 70 1972.24 do 6320.00 9200/ —_
19/.08%14 93 19/2.50 do 12000.00 | 15300/ —
37/.072/14 120 37/2.06 do 22600.00 | 30,0600/ —
37/.064/16 150 31/2.24 do, 13000.060 | 15000/ —
37/.128/10 do 45000.00 | 80000/ —

Table 2. Approximate Cost of Flexible Cords

250 Vuits Grade
Size of Wire in Unit V.ILR. insulated | W/Shep type | Flexible ccrd
mm. flexible cord | twin core flex- | unkrinkable
twin twisled. iblewire. domestic type
three core
1 2 3 4 5
14/.193 1 Coil of 100 m. Rs. 105.00 Rs. 165.00 Rs. 340.C0
23/:193 do Rs. 165.00 Rs.225.00 Rs. 435.C0
40/.193 do Rs. 215.00 Rs. 365.00 Rs. 725.C0
110/.193 do Rs. 500.C0 — Rs. 1800.00
162/.193 do Rs. 750.00 — Rs. 3250.20
Table 3. Approximate Cost of LC. Switches
1.C. Switches | Unit DPIC. | D.PIC. TP.IC. T.P.1.C. 500
current capacity 250 V. 500V. 500 V. V. with N.L.
in Amperes
10 Each | Rs. §0.00 — = —
15 - Rs. 100.00 — Rs. 275.00 |Rs. 280.00
30 - Rs. 230.00 —_ Rs. 360.00 |Rs. 370.00
60 " Rs. 260.00 | Rs.600.00 | Rs. 875.00 Rs. 890.00
100 i — Rs. 950.00 | Rs. 1150.00 | Rs. 1170.00
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- Table 4. APPROXIMATE COST OF LC. DISTRIBUTION

FUSE BOARDS
Single phase
Description " | Unit Rate
S.No.

. IC . MS.
1. 1/2way 1L.C.D.B., 250 V. 15 amps/way| Each | Rs. 85.00 | Rs. 36.00
2 3/4 way 1.C.D.B,, 250 V. 15 amp/way | Each | Rs. 125.00 | Rs. 101.00
3. 6 way 1.C.D.B., 250 V. 15 amp/way Each | Rs. 170.00 | Rs. 159.00
4. 8way I.C.D.B,, 250 V. 15 amp/way Each | Rs.210.00 | Rs. 168.00
5. 10 way L.C.D.B., 250 V. 15 amp/way | Each | Rs. 300.00 —

6. 12way1.C.D.B., 250 V. 15 amp/way | Each | Rs.450.00 | Rs. 216.00
7. 16 way I.C.D.B,, 250 V. 15 amp/way | Each — Rs. 270.00
Triple pole 4 way
1. 16 amp/way Each Rs. 380.00
2. 32 amp/way Each Rs. 775.00
3. 60 amp/way Each Rs. 1700.00
Triple pole 6 way
1. 16 amp/way Each Rs. 430.00
2. 32 amp/way Each Rs. 1000.00
3. GO amp/way Each i Rs 220000

Table 5. Angle iron Main board,

with iron sheet at top anc

bottom
1. 15 cm x 20 cm Each Rs. 26.00
2. 20ecm <20 cm " Rs. 28.00
3. 20 em x 30 cm ! Rs. 37.00
4. 25emx 30 cm " Rs. 40.00
5. 40 cm x 50 cm B Rs. 66.00
Table 6. 1. C. CUT-QUTS
I. C. Cut-out Unit 250 Voles 500 Volts
Current Capncity S. Pole S. Pole
15 amps Each Rs. 15.00 —
30 amps Each Rs. 30.00 Rs. 16.00
60 amps Each — Rs. 70.00
Table 7. Approximate cost of “Conduit Fittings” 5
RATESin Rupees
Items Unit 19mm. [254mm.|31.8mm. | 328 mm 50.8
Dia. Dia. dia. Dia mm,
_ Dia.
Bends Dozen 24.00 30.00 65.00 B 90.00 150.00
Couplers - | 3500 | 6000 | 7200 | ssoo | 12000

(Contd.

)



EXTRACTS FROM INDIAN ELECTRICITY RULES-1972

713

RATES in Rupees e
[tems Unit 19mm. |254mm.|31.8 mm.|388 mmm. 508
Dia. Dia. dia. Dia. mm.
Dia.
Tees " 30.00 36.00 43.00 60.00 72.00
Saddles Doz. 9.00 10.00 12.00 16.00 22.00
Inspection bends | Dozen | 3800 42.00 9000 | 10000 | 372.00
Elbows " 24.00 30.00 40.00 60.00 90.00
Inspection elbows | ” 32.00 36.00 50.00 80.00 120.00
Inspection tees " 35.00 40.00 60.00 80.00 90.00
Circular inspec- 8 48.00 60.00 72.00 90.00 120.00
tion boxes with
cover
Lock Nut Gross 34.00 36.00 72.00 84.00 200.00
IP.V.C. bushing 100 10.00 15.00 25.00 35.00 50.00
Nos.
"Round Junction Boxes" Rate in Rupees
RATES in Rupees
ltems Unit 19mm. |254mm.|31.8 mm.|388mm. 50.8
’ Dia. Dia. dia. Dia. mm.
Dia.
Onec-way Dozen 24.00 26.00 125.00 175.00 280.60
Two-ways Dozen 30.00 30.00 140.00 190.00- | 300.60
Three-ways Dozen 36.00 - 38.00 180.00 205.00 372.00
Four-ways Dazen 38.00 42.00 | 190.00 292500 | 410.00

Table 8. Approximate cost of Elcctrical Accessories

Item

S.No Unit |Rate in
Rs.
1. Ceiling rose 2 plate (Bakelite) Dozen 48.00
2. Ceiling rose 3 plate (Bakelite) : 60.00
3. Ceiling rose 2 plate (porcelain) = 54.00
4. 5amps tumbler switch (surface type) " 36.00
5. 5amps tumbler switch (surface type) 2 way E: 45.00
6. 5amps tumbler switch (flush type) (G. E. C. Mutac 96.00
or Similar Superior make)
7. 15 amps tumbler switch (surface type). 3 180.00
8 Plug and Socket "
(i) 5amps.3pin i 4%.00
(ii) 5amp.2pin " ' 36.00
(iii) 15 amp. 3 pin 2 120.00
9. Cut-out single pole 5 amp. bakelite ) 43.00
10. Lampholders. Dozen
(a) Pendant type (brass) - 72.00
()] —do— bakelite) B 356.00

(Contd.)
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S.No Item ! Unit JRate in
- |Rs.
(¢) DBatten type (Brass) - .60.00
{d) —do— (Bakelite) . 48.00
(e) Brackettype (brass) " 180.00
" —do— (Bakelite) " - 19600
11.  Lamp Shades : y
(@) E.L25.40 cm x 8.90 cm, Each ©20.00
(®) E.1.25.40 cm x 12.70 cm.. " 3500
(c) Opalglass 25.40 cm. - " 110.00
(d) Glass Coolicon 27.95 cm. - 250.00
(@) E.I Coolicon 27.95 ¢m. - " 125.00
() Plastic Coolicon 2795 cm.. " 180.00
&) Langham aluminium 25.40 cm. . 135.00
(k) Anodized aluminium 25.40 ¢, " 170.00
(&) —do— Coolicon 2795 cm. " 15.00
12 (a) W.T.Bracket 30 ¢ms. complete with holder and " 39.00
globe
(B) Brass Bracket with ordinary - 15.00
(¢)  Bakelite Bracket 8.00
13.  Call Bell 2207230 V Duzen 18009
14, Bell push 60.00
15.  Coliath h6lder " 115.00
16. T.W. Boards. t - Single ﬁDouble
() 18cm. x 10 em, % : 36.00 75.00
Dozen -
(6) 20em. x 15 cm. " 52.00 110.00
(c) 20cem. x25 cm. i = 60.00 s *135.00
(d) 20cm. x 30 cm, : 2 72.00 140.00
(@) 30cm. x25cm. ? : 11500 . 130.00
(" 25cm. x 45 cm, : : 11800  160.00
@) 30cm. x38cm. : 15000  ° 190.00
Dozen
(h) 30cm. x45cm. " 175.00 - 280.00
@) 30 em. x 60 crm. - T 20000 290.00
() 45 cm. x60 cm. » 225.00 . 310.00
(%) 60cm. x75 cm. - 300.00 .. 330.c0
17. T.W.Block ;
(@) round 7.5¢cm. x 2.3 ¢m. (Single) Each 3 3.00

- (Contd.)
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[ Unit |Ratein Rs.

19.

20.

2L

(b) raund 10 cm. x 2.5 em. (Single) Each
(¢) round 7.5 cm. % 3.5 cm. (Double) Each
() round 1C em. x 2.5 cm. (Double) Each

(e) Hexagon 10 cm. x 4 cm. Each
“ P V.C.Casing & Capping

(a) 40 mm. x Z2 mm. 100 m.

(b) 44 mm. x 28 mm. “m

(2) 51 mm. x 35 mm. “m

T.W.Plugs 25cm. sq. x 1.9cem. sq. x S 100

cm. long. Nos.

T.W. Battens

(a) 13 mm. x 13 mm. 100 m

()19 mm. x 13 mm. “m

(¢)25 mm. x 13 mm. “m

(d)31 mm. x 13 mm. ) “m

(e) 38 mm. x 13 mm. "m

()51 mm. x 13 mm. “m

(@) Link clips with pins (4.4 mm.) Box of 100
Nos.

(b) Link clips with pins (size 51 cm.)  Boxof100
Nos.

(c)—€co— .4 mm. Box of
100 Nos.

(a) Porcelain cleats 2-way " Gross
(b}-do— 2-way (Big size) i
(@) Round cleats (glazed)

(by—do— (Superior glazed)

2.way 5 amps tumbler switch (Surface type)
2-way tumbler switch 5 amps (Flush type)

5-amps tumbler switch with 2 pins socket and
plug. (non-inter-locking).

* Pendant-holder Brass (Externally threaded)

Pendant-holder Bakelite (Externally
threaded)

BOXES WITH l\!A.SONI’I'E COVER

(a) 7.60 cm % 7.60 cm x 4 cm.
(b) 760 cmx 14.2cm x 4 cm.
(¢) 10cm x 18 em x 5 cm.
(d) 15cm x 20 cm x 4 cm.

(e) 20 em x 20 cm x 10 cm.
() 20 cm x 30 cm x 10 em.
()25 cm x 30 em x 10 em.
(h) 30 cmx45cm x 10 cm.

Dozen

" 4.00

5.00
6.00
8.00

1150.00
1500.00
2600.00
20.00

120.00
125.00
130.00
135.00
140.00
145.00

3.00

3.50

4.00

24.00
36.00
10.00
15.00
48.00
144.00
120.00

150.00
36.00

Cl

10.00
14.00
17.50
28.00
45.00
52.00
60.00
130.00

M.S.

6.00
5.00
9.00
12.00
18.00
20.00
30.00
42.00

(Contd.) {
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S.No. ]

<= | Unit [Ratein

30._ 7.6 cm. deep C.I. terminal Box w
cover (one-way two-ways, threc-w

32.

ways)

s T
ith metal Doz,
ays, four-7in

31. Serewed CONDUIT/P.V.C. CONDUIT

(a) H.G. (Heavy Gauge) 19 mm.
() H.G. Conduit 25.4 mm.
(¢YH.G. Conduit 31.8 mm.

(d) H.G. Conduit 38.8 mm.

(e) H.G. Conduit 51 mm.

() Flexible conduit 19 mm.

(@) Flexible éonduit 25.4 mm.
(%) Flexible conduit 31.8 mm,
(i) Flexible conduit 38 mm.

() Flexible conduit 51 mm.

SCREWS

?

i s
W ey

I AP

'8 4,8 % @B @

Pkt. of
100 No.

L Iron Screws "Nettle Folds" (Flat Head)

(@) 1.25ecm x4 SW.G.
(5) 1.80 cm x 4 S.W.C.
(©)254cmx6 S WG,
(d)3.18cm x 8 S.W.G.
(e) 3.80 cm x 8 S.W.G.
T 441 cm~8S.W.G.

(£)5.08cmx88S.W.G.

(h)5.08 cm x 10 S.W.G.

II. Machine Screws (Round Head)

(@)1.90 cm x 0.31 cm -

(b)2.54 cm x0.31 cm o

(€)2.54 cm x 0.40 cm
(d)2.54 cm x 0.48 cm

(€)2.54 cm x0.63 cm .-

(N3.18cmx0.48 cm

(g)3.18 cm x 0.31 cm.

(h)3.81 cm x 0.40 cm
(1) 3.81 cm x 0.48 cm
(/)5.08 cm x 0.63 cm
()5.08 cmx 0.31 cm
(1) 5.08 cm x 0.40 cm
(m) 5.08 cm x 0.48 cm

1 Pkt.

T 8 3 3 3 3 3

Pkt. of
100 No.

- 1 Pkt.

65 15

IIL. Brass-Screw (Imp-orted Round Head)

(a) 1.25 cm
(6) 1.90 em
(c)2.54 cm
(d) 3.18 cm
(¢)3.81cm
)5.08 cm

“ Gross

7

13.80

16.50 12
1950 26
33.00 3¢
1000 &

1080 &
8

1400 7

1800 &
2400 13
30.00 15

NF. F

1800 8
2800 13
3300 13
3800 9
48.00 10
5000 14
54.00 14
60.00 18.
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33.
34.

35.

IV.Iron Hinges (Imported)

{a) 1.UC cm
(b)3.18 cm
(c)3.8lcm

Earth Wire No. 14 G.I.
Earth Wirc No. 8 S.W.G.

Nails %"

Dozen

per kg.
per kg.
per kg.

18.00
22.00
24.00
18.00

16.00
20.00

n7 .

Table 9. Approximate Cost of Underground Cable PILC

Item ] Unit I Rate
1. H.T. 33KV U.G. Cable 3x70sq. mm. metre  Rsl558-
2. H.T., 33 KV U.G. Cable 3 x95 sq. mm. metre Rs1728/-
3. H.T. 33KV U.G. Cable 3x 120 sq. mm. = Rs1859/-
4. H.T. 33KV U.G. Cable 3 x 150 sq. mm. " Rs1984/-
5. H.T., 33KV U.G. Cable 3 x 185 sq. mm. " " Rs2268/-
6. H.T., 33 KV U.G. Cable 3 x 240 sq. mm. " Rs2533%/-
7. H.T., 33 KV U.G. Cable 3 x 300 8q. mm. - Rs2722%-
8. H.T., 1V6.6 KV U.G. Cable 3 x 25 sq. mm. Rs. 348/-
9. H.T. 1V6.6 KV U G. Cahle 3 x 70 sq. mm. metre Rs. 540/-
10. H.T., 1U6.6 KV U.G. Cable 3 x 95 sq. mm. = Rs. 600/-
11. H.T,1V6.6 KV U.G. Cable 3 x 120 sq. mm. Rs. 684/-
12. H.T., 1V6.6 KV U.G. Cable 3 x 150 sq. mm. " Ra. 759/-
13. H.T, 1U6.6 KV U.G. Cable 3 x 185 sq. mm. Rs. 905/-
14. H.T,116.6 KV U.G. Cable 3 ~ 225 sq. mm. Rs. 965/
i5. H.T.,11/6.6 KV U.G. Cable 3 » 300 sq. mm. Rs. 1217
16. L.T.U.G. Cable 4 x 6 sq. mm. Rs. 5V-
7. L.T.U.G. Cable 4 x 10 sq. mm. " Rs. 60/-
18. L.T.U.G. Cable 4 x 25 sq. mm. Rs. 88/-
19. L.T.U.G. Cable 4 x 50 sq. mm. Rs. 135/
20. L.T.U.G. Cable 3; x 70 sq. mm. Rs. 154/-
21. L.T.U.G. Cable 3% x 95 sq. mm. Rs. 192/-
22. LT.U.G. Cable 3; x 120 sq. mm. Rs. 237/
23. L.T.U.G. Cable 3} x 150 sq. mm. Rs. 278/
24. L.T.U.G.Cable 312 x 185 sq. mm. 2 Rs. 342/-
25. L.T.U.G. Cable 3} x 240 sq. mm. Rs. 444/
26. L.T.U.G. Cable 3;x 300 sq. mm. " Rs. 538/

ciiivnis it s o
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Table 10. Approximate Cost of Joint Boxes for P.I.L
. Cables
(i) Straight Through

ltem | Unit I Rat
1. H.T. Straight through 11/6.6 KV 3x258q. mm. Each Rs. 1060/
2. H.T.Straight through 11/6.6 KV 3 x 70 8q. mm. i Rs. 1460/
3. H.T.Straight through 11/6 6 KV 3 x 120 sq. mm. = Rs. 1695/
4. H.T.Straight through 11/6.6 KV 3 x 185sq. mm. = Rs. 2360/
5. H.T.Straight through 116.6 KV 3x225sq. mm. N Rs. 2765/
6. H.T.Straight through 11/6.6 KV 3 x 300 sq. mm. 2 Rs. 3385/
7. L.T. Straight through 4 x 25 $q. mm. 2 Rs. 475/-
8. LT Straight through 4 x 50 sq. mm. = Rs. 535/.
9. L.T.Straight through 3§ x 70 sq. mm. 3 Rs. 650/-

10. L.T.Straight through 3! x 95 sq. mm. ~ Each  Ras.660/-

11 L.T.Straight through 3% 120 8q. mm. - Rs. 1050/

12. L.T. Straight through 3;x 150 sq. mm. E Rs. 1050/

13. L.T. Straight through 3; % 185 sq. mm. . Rs. 1095/

14. L.T. Straight through 3% 225sq. mm. o Rs. 1105/

15. L.T. Straight through 3; x 300 sq. mm., 2 Rs. 1670/

(it) Outdoor '
1.. H.T. Outdoor boxes 11/6.6 KV 3 %25 sq. mm. Each Rs. 1525/
2. H.T. Outdcor boxes 11/6.6 KV 370 sq. mm. " Rs. 1565/-
4. H.T. Outdoor boxes 11/6.6 KV 3 x 120 sq. mm. - Rs. 1910/
4. H.T. Outdoor boxes 11/6.6 KV 3 x 150 sq. mm. N Rs. 1910/
5. H.T. Outdoor boxes 11/6.6 KV 3 x 185 sq. mm. " Rs. 1910/-
6. H.T. Outdoor boxes 11/6.6 KV 3 x 225 sq. mm. = Rs. 2395/-
7. H.T. Outdoor boxes 11/6.6 KV 3 x 300 sq. mm. = Rs. 2395/-
(tti) Indoor
1. H.T.Indoor boxes 11/6.6 KV 3 x25sq. mm. Each Rs. 3935/-
2. H.T.Indoor boxes 11/6.6 KV 3 x 70 sq. mm. " Rs. 460/-

" 3. H.T. Indoor boxes 11/6.6 KV 3 » 120 sq. mm. - Rs. 535/-
4. H.T.Indoor boxes 116.6 KV 3 x 150 sq. mm. ® Rs. 630/
5. H.T.Induor boxes 11/6.6 KV 3 x 185 sq. mm. & Rs. 780/- :
6. H.T. Indoor boxes 11/6.6 KV 3 x 225 sq. mm. - Rs. 7806/- -
7. H.T.Indoor boxes 116.6 KV 3 % 300 sq. mm. " Rs. 810/-
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Table 1. Approximate Cost of Insulating material
(i) Insulating tapes
Jiem T unie | Rate

(a) Black adhcsivetapes 25 mm, wide £0 Roll  of 50  Rs. 90.00

metres length metres

(%) Varnished or empire tape 25 mm. ~ Rs. 30.00

wide 50 meterslength
(c) Cotton tape 25 mm, wide 40 metre Rs. 15.00
length
(it) InsulatingCompound

(a) Plastic Compound for L.T. kg. Rs. 12.00

(b) Black Bituminous Cable Compound kg. Rs. 16.00

suitable for vokages upto 11 KV.

(c) Rosin oil Cable Compound for volt- kg. Rs. 50.00

ages upto 33 KV.
(d) Sleeve Compound kg. Rs. 10.00
Table 12. Material for overhead lines, service lines and street light
S.No. [ Item L Unit 1 Rate

1.  A.C.8 R.Coaductor in various sizes kg Rs. 55/-

2. P.C.C/R.CC.pole 8.55 metre long Each Rs. 1800/-

3. PC.C/R.CL.pole 5.15 metre long Each Rs. 2200/-

4. DP.C.CM.CL.pole 11.00 metre long Each Rs. 3000/-

5.  Woodcn pole 8.55 metre long Each Rs. 250/-

6.  Wooden pole9.15 metre long Each Rs. 280/-

7. Wooden pole 11.00 metre long Each Rs. 320/-

8. Danger plate Each Rs. 30/-

9.  Anti-climbing device Each Rs. 25/
19.  Arrestors lightning L.T. Each Rs. 650/-
l},' Arrestors lightning 11/6.6 KV Each Rs. 1850/-
12.  Arrestors lightning 33 KV Each Rs. 25500/-
13.  Bobins 159 mm. Doz. Rs. 10/-
14.  Insulator pin-type with spindle, 500 V Each Rs. 12/-
15.  Insulator pin-type with spindle, 1100 V Each Rs. 12/-
16.  Insulator sin-type with spindle Each Rs. 45/-

6.6 KV/1' KV
17.  Insulato: ;in-type with spindle 33 KV Each Rs. 275/
18.  Shackle Insulator medium 500 V with Each Rs. 12-
straps and bolts
19.  Shackle Insulator large 1,100 V with Each Rs. 22-
straps and bolts
20.  H.T. disc type insulator 11 KV Each Rs. 225/-
21, Flat Iron all sizes Kg. Rs. 16.25
(Contd.;
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< léngth complete in all respect

720 i
A
— v; . . -
S.No. [ ; . Item I Unit l Rate
22.  Angle Iron all gizes Kg. Rs. 11/-
23.  Stay plate m.s. 6.30 mm. thick, 22.5 cm. Each Rs. 75/.
x 32.5 cm.

24. plate m.s: 6.30 thick, 30 cm. x 30 cm. Each Rs. 110/

25.  Galvanised stay or anchorrod 60 cm. long Each Rs. 95/.
16 mm. dia.

26.  Galvanised stay or anchorrod 60 cm. long Each Rs. 115/.
19mm. dia. B8

27.  Stay bow of galvanized iron 15 mm, dia. - Each Rs. 30/-
and 37.5 cm. length

28.  Galvanised thimble Each Rs. 4/.

29.  Strainor stay insulator Ewh Rs. 9/-

- 30.  Stay collar of 3.80 mm. thick flat iron . Euch Rs. 10/-

31.  Earth plate G.I. 60 cm. x 60 cm. x 6.30 Each Rs. 250/-
mm

32.  Stay wire 7/8 S.W.G. Kg. Rs. 18/-

33.  B:brackets 5.08 cm. Each Rs. 15/-

34.  Projecting angle iron bracket 0.92 m. x Each Rs. 50/-
0.92 m. -

35.  Projecting angle iron bracket 1.25 m. x Each Rs. 75/-
1.25 m.

36.  Projecting angle iron bracket 1.53 m. x Each Rs. 105/-
1.53 m.

37. - 2 line cross-arm bracket with suitable Each Rs. 25/
clamp. .

38. 4 line cross-arm bracket with suitable Each Rs. 55/-
clamp.

39.  Eye bolts and nuts 20.5 cm. x 1.23 mm. Each Rs. 25/-

40.  Eye boltsand nuts 30 cm. x 1.25 mm. Each Rs. 30/-

41.  Aecrial pole fuse strips 15, amps., 250 V. Each Rs. 6/-

42.  Fuse cutout porcelain (bakelite) 5 amps. Each Rs. 10/-

43.  Fuse cutout porcelain (bakelite) 15 amp. Each Rs. 15/-

44.  Fuse triple pole iron<lad MEM. 15 Each Rs. 30/-
amps., 500 V.

45.  Fusctriple pole ironclad M.E M. 30 amps. Each Rs. 40/-
500 V.

46.  Fusctriple pole iron-clad M.E M. 60 amps Each Rs. 55/-
500V

47.  Fuse triple pole iron<lad M.EM. 100 Each Rs. 110/-
amps 500 V

48.  D-lamp for shackles of all sizes Each Rs. 1V-

49.  H.R.C.fuses 500 volts 100 amps Each Rs. 135/-

50.  H.R.C.fuses 500 volts . 0 amps Each Rs. 210/-

51. © H.R.C.fuses 500 volts 315 amps Each Rs. 320/-

52.  H.R.C.Fuses 500 volts 400 amps Each Rs. 450/-

53.  H.R.C.Fuse 500 volts 630 amps Each Rs. 475/-

54.  Lamp 100 watts 250 volts Each Rs. 10/-

55. " Lamp 150 watts 250 volts Each Rs.&/.

56. -Lamp 200 watts 2350 volts ° Each Rs. 16/-

57. “Deuble *:ihe light fitting 0610 metra Each Rs. 175/-

(Contd.)
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8. We use 2 core 1 mm? V1.2 cu cable for tapping from

6 mm? to the lamp

g All the 12 lamps are on one side of the street.
Voltage Drop Calculation :

Current in each bulb of 40 W = 40/230 = 0.173 Amps.
=0.326 Amps.
Distance from pillar to the post No. 1 = 8m.

-. Length of cable required=(1+1+8+1+ 1.35 + looping)

The designing curren

=1EM

t =0.173x -2

1.5
0.8

We select 6rum?,172.80 mm 7.3 m V/Amp./ m. single phase, twin
core copper cable (M ult: strand Sheathed, Insulated with BUTYL RUB-

BER).

STREET LIGHTS

The Currents and associated Voltage drop in each section

are shown below:

4. Erection of poles, Running the Cable, Fixing

the juncticn

T L fittings etc.
{(a) Supervisor -1
(b) Cable jointer - 1

-~

XES ‘L“L‘.n i
] L]

he JQLnua, ;.udug the

at Rs. 100.00
at Rs. 80.00

Si. Ne. Section Disiance | Curren? T‘ Voltage Tota:
. | __Amps | drop Yolis
; 8 | PA 8M Po3912 | 0.428
2. | AB 3M | 3587 - 0820
3. | 8¢ 1 * | 320 | 0713
A co | i 293¢ 0642
5. | DE . " | 2803 | 0571
6. | EF | " 2282 | 0429
.. | F6 | "~ | 1956 0.428
8 GH i " | 1630 ‘ 0.356
9. H | | 1304 | 028
1. o " } 0878 | 0213
| 1. JK | > ! pes2° | 0.141
L 12 KL i 5 i 0326 l 0.069 5.165
(This drop is within lim:ts)
LABOUR CHARGES
1. For excavation of earth for laying Cable at Rs. 1350.00
1 M below the ground : 1C labourers at Rs.
45/- per day for 3 days
2. For excavation of earth for erection of 12 Rs. 450.00
Nos. of post. 5 labourers at Rs. 45/- per
day for 2 days '
3. Bricks for laying 370 m length L.S. Rs. 275.00
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(c) Electrician-2 at Rs. 80/- each Rs. 160.00
(d) Helpers - 4 at Rs. 45/- each Rs. 180.00
Total Rs. 520.00 Per day
for 3 days Rs. 1560.00
5. Refilling the earth - 2 labourers atRs.45.00 Rs. 90.00
per day
6. Mason -1 No - 2 daysat Rs. 80.00 per day Rs. 160.00
Helper - 2 No - 2 daysat Rs. 45.00 per day Rs. 180.00

7. Junior Engineer to see that the entire Rs. 1500.00
work is completed with in 10 days at Rs.
150.00 per day
Total Rs. 5565.00
ANNEXURE-1

Length of Cable required

From pillar to trench (0.5 + 1.0=15) =15m
Frorh trench to 1st Post (Horizontal under the ground = 8.0 m
From under the 1st Post to SB at the 1st post

1+13=23) =23m
From SB to trench (down) (1.3 + 1.0=2.3) =2.3m
From 1st post to 12th post (11 x 30 = 330) =330.00 m
Loose = 2.5 m
Total = 346.6 m
Add 10% = 34.6m
Total = 381.2m

Or say 381/- Mts.
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Tonization ; The tormation of ions by the division of molecules
or by the addition or removal of Electronsfrom atoms, molccules or
groups of the latter.

Molccule : The smallest particle of asubstance which exists in
a free state and exhibits the chemical properties of the substance.

Neutron: An elementary particle having no resultant charge
and the mass of which is approx. equal to that of a proton.

Positive Electricity : Electricity which is similar to that
produced by rubbing a piecc of glass (resin) with silk.

Proton : An elementary particle containing the smallest pos-
itive charge of electricity and possessing mass of the same order as
the hydrogen atom.

Electrostatics

Capacitance of Capacito: : 1he charge on one of the capacitor
plates divided by the potential difference between them, the influ-
ence of any other conductor being neghgible

Capacitance of Conductors : The charge of a conductor is
divided by its potential, all other conductors assumed to be at zero
potential. :

Capacitor: A systemoftwo conductors (plates) separated over
the extent of their surfaces by an insulation medium which is
capable of storing electrical energy as electrical stress.

Eddy currents : The currents induced in the interior of con-
ducting masses by variations of the magnetic flux.

Current Density : A vector of which the integral over given
surface is equal to the current flowing through the surface. The
mean density in a linear conductor is equal to the current divided
by the cross-scctional area of the conductor.

Eleetric circuit : An arrangement of bodies or media through
which current can flow.

Electric flux : The differential cp-efficient of the electric flux
density in a dielectric with respect to time.

Conductance : The reciprocal of resistance.

Cathode : The electrode by whichhecurrentina system leaks,
that is, by which the electrons enter the medium.

Anode : The electrode by which the currentin a system enters,
that is by which the electrons leaves the medium,

Alternating Current : A periedic current of which the mean
value is zero. :
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Joule effeci : The produciion of heat due to the passage of
electric current through a homonogenous conductor.

Joule’s law : The law according to which the power developed
in the form of heat in an homogenous conductor is proportional to
the product of its resistance and the square of the curr=nt which
passes through it.

Kirchoff's Law

(a) Fir§tLaw: The algebraic sum of the currents meeting at
anode of a network is zero.

(b) Second Law : The algebraic sum of the EMF’s in a closed
circuit is equal to the algebraic sum of the potential drops due to
the resistance.

Non Inductive Circuit : An electric circuit of which the
inductance is negligible in the particular condition under consid-
eration.

Ohm’s Law : The law which, in the case of direct currents,
expresses the proportionality between the current and the potential
difference between the ends of a circuit element in which there is
no EM.F. generated.

Parallel Circuit-Shunt Circuits: Electric ormagnetic circuit
are said to be in parallel (shunt), when the current or flux is divided
between them.

Resistance : (in direct turrent) : The constant difference of
potential applied to the ends of a conductor, divided by the current
it produces, when the conductor has no E.M.F. acting there.

Resistivity : The resistance of a wire of a given substance
multiplied by cross-sectional area of wire and divided by its length.

Series Circuit : Circuit connected so that the same current
flows through them.

Skin effect-Kelvin effect : Non-uniferm distribution of
variable currents in solid conductors resulting in an increase in the
current density near the surface.

Voltage-Potential difference : The line integral from one
point to another of an electric field, taken along a given path.

Voltage (Potential) drop : The diminution of potential along
a conductor or in an apparatus through which a current is passing

§s Electric Discharge in gases

Corona effect : The particular form of the glow discharge in
the case of electric line or apparatus working at high voltage.
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Flash over : The passage of a disruptive dls..fnarge round an
msulatmg material.

- Leakage Path (Electric) : The shortest dxstance across the
surface of a piece of insulating material between two points at dif-
ferent potentials.

Spark : A brilliantly luminous phenamenon of short duration
which characterizes a disruptive discharge.

Striking (an arc or a spark)
Variable conditions during which an arcor spa;k is established.
Megnetism

Absolute Perincability of a substance or of an isotropic
medium .

The mag‘net:c flux density divided by the magnetic field
strength.

Coulomb’s low : The law according to which the force exerted
between two points of magnetic masses in homogeneous, isotropic
medium of a infinite extent and constant permeability is propor-
tional to these poles and inversely proportional to the square of
distance between them.

Diamagnetic Substance : A substance which becomes mag
netised always reduces by an external magnetic field, the magne-
tization having the effect of reducing the induction due to field alone.

Ferro-magnetic Substance : A s:.bstance which may be
magnetized to a considerable extent in an external magnetic field
and which retains the whole or part of this magnetization after the
effect of the field has ceased.

Para-magnetic Substance : A substance which becomes
magnetized, generally reduced in an external magnetic field, the
effect of magnetization being to increase the induction due to the
field alone.

" Magnet-Permanent Magnet : A ferromagnetic body which
attains a magnetic field without the aid of external electric currents.

Magnetic Field : A region of space in which there exists a
magnetic state associated with forces.

Magnetic Field strength : An exial vector quantity which
together with magnetic induction, specifies a magnetic field at any
point in space. It can be detected by a small magnetized needle,
freely suspended, which sets itself in the direction of field. The free
suspension of the magnetized needle assumes, however, that the
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medium of fluid or that a small gap is provided o su oy 4 shape and
in such a direction that free movement is possible. As long as the
induction is solenoidal, the magnetic field is irrotational outside
the spacesin which the carrent density is not zero, so that it derives
a potential (non-uniform) therefrom. On the other hand, in the
interior of currents, its curl in the rationalized system, is equal to
the vector current density, including the displacement current.

e

The direction of the field is represented at every point by the
axis of a small elongated solenoid, its intensity and direction being
such that if counter-balances all magnetic effects in its interior
whilst the field intensity is equal to the linear current density of the
solenoid. :

Magnetic flux : Flux of the magnetic induction.

Magnetization : An operation by which ferromagnetic body is
giventhepropertiesofamagnet. Aterm sometimes used as synonym
for intensity of magnetization.

Magnetic Current : Current principally for producing a
magnetic field.

Magnetizing Field : A magnetic field used to produce mag-
netization.

Normal Permeability : Permeability corresponding to normal
induction. In practice,-when the term permeability is used without
any qualification in connection with ferro-magnetic materials,
normal permeability is implied.

Residual Magnetism: A pfopen.y of'ferromagnetic‘bodies by
~which they retain a certain magnetization (Induction) after the
magnetizing force has been removed. i

Saturation : The state of a ferromagnetic substance placed in
a field, so strong that the intensity of magnetization becomes
independent of the field, the substance is then said to be saturated.

In a wider sence, a ferromagnetic substance is said to be more
or less saturated according to whether its magnetization is more or
less close to saturation.

Electromagnetism Electrodynamic

. Electromagnet : A device consisting of a ferromagnetic core
and coil which produces appreciable magnetic effect only when an
electric current flows through the coil.

ElectromagneticInduction: The production of electromotive
force :
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(a) In a desed circuit, by the variation magnetic flux linking
it.

{b) Inandement of & movable circuit, by the lines of magnetic
flux that it cuts.

Electromagnetism : That part of science which deals with the
relations between electricity and magnetism.

Excitation : The production of magnetic flux through a mag-
netic circuit bymeans of an electric current. The term is sometimes
used as a syneaym for the magnetomotive forceproducing the flux
through an electromagnet.

Faraday’s Law : The fundamental law of electromagnetic
induction which states that the EM.F. induced in a closed circuit
is proportional to the rate of change of flux linked by the circuit.

Laplace’s Law : The law which gives the force exerted on
an element carrying a current placed in a magnetic field.

Lenz's Law : The law which states that the induced E.M.F.
tends to produce current in such a direction that it will oppose the
cause by which it has been produced.

Magnetic Circuit: A combination of media, mainly comprising
ferromagnetiesubstance, forminga closed circuitand through which
a flux of magnetic induction may pass.

‘Magnetic Core : The part of a magnetic circuit surrounded by
a coil.

Magnetomotive force (Along a closed curve). The line
integral of a magnetic field strength around the curve.

Mutual Induction : The magnetic flux which the current
flowing in ome circuit induces in another cireuit divided by the
current in the first circuit.

Mutual Induction (Between circuits). The induction of an
E.M.F. is one circuit by the change in the current flowing through
another circuit. :

Reluctance : The magnetomotive force applied to a magnetic
circuit divided by the flux established in it.

Self Inductance : Co-efficient of self Induction : For a closed
circuit the total magnetic flux linked by it divided by the current
. flowing through it, or the total magnetic energy stored, divided by
half the square of tie current flowing through it.

Self Induction : The induction of an EALF. in the circuit itself
by the change in the current flowing throughiit. 1

Solenoid : A coil usually of tubular form for producting a -
magnetic field. i

=
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Yoke : The piece of ferfomagnetic material not surrounded by
windings, used to connect the cores or an electromagnet or a
transformer or the pole of a machine. 2

Units and Systems of Measurement, Absolute
Electrics! Units

Ampere : (units of Electric Current)

A constant current which flowing in two parallel straight con-
ductors of infinite length of negligible cross section and placed ata
distance of one metre apart in a vacuum will produce a ‘arce of 2 x

107 newton per metre length between the conductors.

Coulomb : The quantity of electricity conveyed in one second
by a current of on ampere.

Farad (unit of Capacitance) : The capacitance of an electric
capacitor having a difference a Electric potential of one volt between

the plates, when it is charged-with a quantity of electricity of one
coulomb.

Henry (unit of Electric Induction) : The inductance of a
closed circuit in which an E.M.F. of one volts is produced when the

current in the circuit varies at the uniform rate of one ampere pear
second. d

Ohm (unit of Electrical Resistance)

Theelectrical resistance between two points ofa conductor when
a constant potential difference of one volt applied to these points
produced a current of one ampere in the conductor, provided no emf
1s generated in the conductor.

Volt (unit of Potential difference and E.M.F.)

The difference of electric potential which exists between two
points of a conductor carrying a constant current of one ampere,
when the power dissipated between these points is one watt.

Weber (unit of magnetic flux) : The magnetic flux which
linked with a circuit composed of a single turn produced in it an
E.M.F. of one volt if it is uniformly reduced to zero in one second.

Barye: The C.G.S. Unit of pressure which is equal to one dyne

per square centimetre and which was adopted at the international
unit,

Dyne (the C.G.S. Unit of force) : The force which produces
on a mass of one gram an acceleration of one centimetre per second.
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Electromagnetic C.G.S. Units
Quantity Name -
Magnetic field density Oersted .
Magnetic flux density ' Gauss
Magnetic flux Maxwell
Magnetomotive force Gilbert

Erg : (the C.G.S. unit of work) : The work done by a force of

~ one dyne when its point of application is moved one centimetre the-
direction of force

Newton : The force which produces cn a mass ofone kilogram
an acceleration of one metre per second.

Practical Electrical Unit (C.G.S. to Practical units)

Quantity Name Conversion Ratio
Resistance Ohm L 107
Voltage Vo', 10°*
Current ) Ampere 10
Quantity of electricity Coulomb 10
Capacitance Farad 10°
Inductance Henery 107
Magnetic flux Weber 10
Energy Joule 10”7
Power Watt 107
Reactive Power Var 107
Apparent Power Volt ampere 107

Usual Practical Units: Units which are not actually included
in the practical units derived from the C.G.S. system, but which are
commonly used. The following units fall under this category :

Ampere Hour : The quantity of electricity which flows if a
current of ene ampere passes for one hour and is equal to 36000
coulombs.

Ampere turn : The magnetomotive torce produced by one
ampere flowing through a single turn of a conductor.

Volt-ampere hour : The unit of apparent energy in the prac-
.tical system, equal to one watt.

Walt-hour : The electrical energy developed during one hour
by a power of one watt and is equal to 36000 joules.

[
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Connection of Poly-Phase Circuits

Mesh : Connection in series of the windings of a poly-phase
system, effected in such a manner as to form a closed circuit in 3
phase system. Thisis called the delta connection.

Star: The connection of poly phase apparatus so arranged that
one end of the windiags, conductor or apparatus corresponding to
each phase is connected to a common point the other end being
connected to the corresponding conductors at the distribution sys-
tem. In a 3-phase circuit this is sometimes called a ‘Y’ connections.

Zig-Zag or Inter-Connected Star

The connection in star of poly-phase windings, each branch of
which is made up of winding, that generate phase-displaced voltage.

Inductive reactance : The product of the inductance and the

angular frequency.

Effective Resistance : Resistance to alternating current.
Ratio of the power dissipated to the square of the R.M.S. value of
the current. For sinusoidal current, divided by the current.

Impedance : The terminal voltage of circuit divided by the
current flowing through it.
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The Electrical Panel Boards-
Their Design and Drawings

1. Introductian, 2. Types of Pazel Boards, 3. Examples of outside dimen-
sions of some electrical accessaries, 4. Design of Panel Boards, 5. Specific
size of sheet o be used for fitting the accessories, 6. Examplesef designing
the Panel Brard, 7. Types of Switch Boards.

1. Introdection

Theswitches and receptacles can not be mounteder placed on
wall plates or switch boards having hotch-potch appearance. The
spacing between switches and other central devices should also be
very proper so as to have aneat and tidy appearance. The selection
of size of aparticular switch board is based on number of switches,
sockets amd fan regulators to be mounted, depending upon the
outside dimensions of switches and other equipmentstobe installed
on that particular switch board.

The purpose behind design and drawing of panel boards is to
develop inthe students, the ability to utilise outside dimensions for
the purpese of selection of the size of switch board and mounting
various centrol accessories which are part of an electrical installa-
tion.

2. Typesof Panel Boards
Theze are two types of panel boards in use in house wiring :

(a) Teak wood switch boards for surface wiring : The
switches,sockets and fan regulators are mounted on top of awooden
block, except for the wires.

(b) Teak wood switch board with sunmica cover for
concealed wiring. The major part of the switches and regulators
are accomodated below the surface of the wall. The switch board is

FEE————— AL L
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cmbeded in the wall and covered with asunmica sheet. The switch
may be tumbler switch or flush switch, P.V.C. piano type or M.C.B.

Only the part requiring operation will be projected out. Cir-
cular/rectangular holes will be drilled in sheet for concealed
switches and other electrical accessorics etc.

The panel for distribution and contro] for laboratories and
workshops are made of an iron sheet supported on angle irons on
which energy meter, iron clad main switch and distribution fuse box
and M.C.B etc. are mounted.

3. Example of outside dimensions of some electrical
accessories

I. Tumbler switch. (Fig. 21.1 (a) and (b)]
Outside diameter = 50 mm
Distance between terminals = 25 mm -

This distance is very important, that the holes on wooden
boards are to be drilled at the same distance as that on switch. The
wires from beneath the switch board are made to pass through these
holes and made to connect the terminals of the switch.

(5)
Fig. 21.1

2. Three pin socket outlet (tumbler) (5 Amps.):
[Fig. 21.1 (¢)]

Outside diameter = 50 mm

Distance between terminals = 20 mm. _
This distance is most important as the distance between
terminals of a three pin'shoe is also the same. This is a standard

dimension according to 1.S.1. recommendation which the manufac-
turer must observe.

Spacing between holes for fixingit with switch board is 40 mm.
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3. Flush switch (5 Amps.)

Outside dimensions = 55 mm x 25 mm

Dimensions of the rectangular portion to be fitted in rectan-
gular hole of the sunmica plate =35 mm x 15 mm.

The switch is fixed to the sunmica sheet with the help eof two
studs.

The rectangular hole of size 35 mm x 15 mm is made in the
sheet for fixing it. The rectangular projection of 35 mm x 15 mm ¢n
the back side of switch is made to pass through the rectangular hole
on sheet.
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Fig. 21.2 ' Fig. 213

4. Flush socket (5 Amp.). (Fig. 21.3)
Outside dimensions =55 mm x 40 mm.

Size of the rectangular portion to be fitted in rectangular hole
of the sunmica plate =30 mm x30 mm —

Distance between centres of holes for fixing purposes = 45 mm

5. Fan regulator =

The overall outside dimensions of fan regulator vary from
company to company. This is important when surface switch beoard
is designed because the holes for connections and far fixing the
regulator with switch board will have to be done. But for flush type
switch board, only one hole ie. for the speed knob will have to be
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drilled in the sheet. The average sxze ‘of a fan regulator is
125 mm x 100 mm. :

OLES FOR
FIXING WITH

TUMBLER SWITCH
15 Amp.

K i . f

70
57.70 | | |

15 !
Lo

SWITCH AND SOCKET COMBINED 15 Amp
Fig. 21.4

4. DESIGN OF PANEL BOARD

The type of wiring i.e. batton system (surface wiring) or con-
duit wiring (concealed) will determine whether the switch board
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should be mounted on the surface of wall or it should be embedded
in wall i.e. flush mounted. In the case of batton or casing capping
type of wiring, the flush mounted switch board may be used if the
house owner so desires.

After considering the outside dimensions of switches, socket
outlet, fan regulators and other equipments to be installed on switch
board, the following sequence of operation should be observed in
selecting and designing the switch bo-rd.

(a) Total number of switches, sockets, fan regulators and other
equipments if any, to be installed on the switch board in
such a manner as to give good appearance.

(b) Selection of size of switch board should be based on number
of switches, sockets and fan regulators to be installed. A
few standard sizes of switch boards are available in the
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market, but larger switch boards are available only on prior
placed demand.

(¢) The location of each equipment should be based on the
utility, i.e. the fan regulator should not be placed on bottom
side and switches on the upper side or in scattered form
The switches should be preferably installed on the lower
sidein a row. The fan regulator is normally installed above
the row of switches. The space where switches and other
equipment is to be installed should be marked on the switch

board. No switch or fan regulator should project outside the
edges of the board.

(d)  After marking the location of each equipment on the switch
board, the work on switch board can be carried out for
drilling the holes and making rectangular grooves ete.

(e) The switches and other accessories should be such that
their connections are clear and traceable for future repairs.

5. Specific size of sheet to be used for fitting the accessories
Bakelite sheet cover/sunmica sheet cover

The bakelite sheet/sunmica switch board cover is available in
large size, it will have to be cut to pieces of required sizes. The
normal sizes of switch boards available in market are -

10emx 10 cm —  For one switch only.

10em x 20 ecm —  For one switch and a socket outlet or two
switches (flush type) and a socket.

20 em x 25 ¢cm ~  For 2-3 switches socket, and a fan regulator.

20ecmx30cm - For 3 to 4 switches, socket and a fan
regulator.

25emx30cm - Fordtos swithces, socket outlet and a fan,
regulator.

30 cm x 30 em —  For 5 to 6 flush type and 4 to 5 tumbler type
switches, a socket outlet and two fan
regulators.

20 cmx 45 em —  For upto 10 switches, a socket and three fah
regulators. For flush type and upto &
tumbler type switches. The sizes above this
can be obtained only by special order to
carpénter.
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The thickness of wooden board for surface wiring should not
be less than 6 mm and that of bakelite sheet 2 mm. The size of
bakelite should be same as tha* | the switch board selected.

6. Examples of designing the Panel Boards

Example 1. Design and draw the bakelite sunmica sheet for
concealed wiring, which contains one tumbler switch and a three pin
tumbler socket outlet. Give overall size of sheet, and other necessary
details. The outside dimensions of the switch and socket are given at
page 166 for refe-ence purposes.
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Solution. (Refer Fig 21.6). A hole of 20 mm is drilled in the
sheet for toggle of the switch to be operated. The other 50 mm
diameter hole has been made for the socket outlet. The distance
between these two heles has been kept sufficiently large to ac-
comodate the switch and socket easily. Other small holes along outer
surface have been made to accomodate countersunk headed wood
'screws to fix it with the switch board.

Example 2. Design and draw the bakelite!/sunmica sheet for
concealed wiring which should contain one flush switch and one
flush socket outlet. Give overall size of sheet and rectangular holes
to acecomodate switch and socket. Other details may also be added.
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Fig. 21.7
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Solution. The left rectangular hole has been made to ac-
comodate the flush switch. The two small holes are meant for the
screws so that the flush switch can be fixed to the plats. The ri-he
hand rectangular hole is meant for the flush socket outlet. The s.x
small holes along its outer surface are for fixing the switch cover to
concealed switch board with the help of C’ S’ K’ headed screws.

Example 3. Design and draw the surface type switch board
which should accomodate, a tumbler switch and a tumbler socket.
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Example 4. Design and draw a bakelite sheet for the con-
cealed switch board which should contain three tumbler switches
and a fan regulator. The necessary outside dimensions of the
switches and fan regulator are giver earlier at begining. :

Solution. (Refer Fig. 21.9). Where ever a bakelite/sunmica
sheet is to be designed to cover tumbler switches, 20 mm diameter
holes shall have to be drilled for a toggle of the switch to project out
of the sheet for operating the same. Since, the diameter of each
switch is 50 mm, a gap of 60 mm between each two switches is
therefore sufficient as shown above. The spindle of the fan regulator
will also be projecting outward for the regulator knob. For this
purpose, a hole of 15 mm has been drilled. The eight countersunk
holes have been drilled for the countersunk screws so that the plate
is fixed to the switch board. All overall dimensions have been shown
along with other necessary dimensions.

ot *3

l2-5¢ Hole for
connections through
board

© o
&
o I'™
Fig. 21.10

Example 5. Design and draw a wooden switch board for
surface wiring which should contain three tumbler siwitches and a

fan regulator. The outer dimensions of switches and fan regula'or
are given earlier.

30 2 -
Holes o, :onmclsions O LL
200 !

T
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Solution. (Refer Fig. 21.10), Inthe wooden boards of this type,
only the holes are to be drilled for connections to the switches etc:,
placed on its outer surface. The three switches have been shown.
Two holes of 5 mm diameter each have been shown for connection
to the fan regulator through the wooden board. The four counter-

" sunk holes on four corners of the board are for wood screws for fixing
it to four guiiics which rémain embsedded into wall, Two holes have
been drilled for connections to the fan regulator. Base of regulator
itself will be fixed to the board with two wood screws for which
drilled holes may not be required.

Example 6. Design and dray o bakelite/sunmica sheet for the
switch board to be used for concealed conduyit wiring which should
contain three flush switches, a socket outlot and a fan regulator. The
flush switches should remain at g reasonabledistance. The necessary

outside dimensions of the switches and fan regulator are given
earlier. -~

Solution. The drawing of Bakelite/sunmica shect fulfilling
the above conditions is given in Fig. 21.11. The rectangular holes

_-—‘_*w—ﬁ__@“' [ S
: R
50— ! so | |
100 A
{ﬂ% J— Lé] |
, 3‘-"‘#’ For regulator
spindle

Fig. 21.11
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have been made for the rear rectangular portion of the switch tobe
inserted. The two circular holes around each rectangular holes are
for the screws for fixing the switch to the plate. The circular hole
has also been drilled for fan regulator spindle. The countersunk hole
around the plate are for the wood screws for fixing it with switch
board.

Example 7. Design and draw a bakelite/sun mica sheet for the
concealed conduit wiring which should contain six flush switches
and a fan regulator.

= 200 !

@ @I @T
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Fig. 21.12

Solution. In this case, a long rectangular groove has been cut
to fix all switches in a row on a common groove. This process will
require less labour as individual grooves will take more time. The
eight countersunk holes along outer surface are for the screws for
fixing it with switch board.

Example 8. Design a surface type wooden switch board and
also a bakelite / sunmica sheet for switch panel of flush type under-
ground switch board which contains six switches, one socket outlet -
and two fan regulators. The switches for the surface switch bourd
are tumbler type whereas for the bakelite sheet are flush mountings.
Show the dimensions in both the cases taking dimensions of switches
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from earlier part in this chapter and fan regulator sizes 125 mm
x 100 mm each. g
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7. Types of Switch Boards ,

Surface type wooden switch board. The detailed dimen-
sions of the switch board and the accessories mounted over it is
shown in Fig 21.13 (a) Since the fan regulators, switches and socket
are placed on the front surface, a sufficient gap between each two
components should be maintained keeping in view the area covered
by switches and regulators, the size of switch board should be
30 cm x 45 cm. The switch board should be placed horizontal.

Bakelite/sunmicasheet for flush switch board.Fig.21.13
(6). The switches and socket should be placed on a common rectan-
gular hole prepared by cutting the sheet. The flush switches cover
less space than the tumbler switch. The size of switch board should
not be as large as surface type switch board. The sheet size should

be 30cm x 30em. The other dimensions have been shown on the
sheet itself. : 3 4
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Miscellaneous E lectrical
Components

Slip Rings ; Brush Holders ; Main Parts of Brush Holders and their
functions; Types of Brushes ; Brush Rockers and Brackets ; Types of Brush
Rockers ; Armatures ; Main Parts of Armature ; Field Poles and Interpoles

- Commutators ; Parts of a Commutator ; Field Magnet frame ; Current
Transformer . =

SLIP RINGS

The slip rings are employed for wound type rotor of an induc-
tion motor. These are the rings by which current is taken to and
from the rotating parts (wound type rotor) of a machine. The
windings lying in rotor slots are connected to slip rings at one end
of rotor shaft. The brushes which rub on the outer surface of the slip
rings are made to carry the current from and to the rotor winding.
The Brushes are held in brush holders mounted on insulated steel
spindles, securely held with end cover of machine. These brushes

(STAR)

MOTOR
STARTER
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are further connected to 3 phase star delta connected rheostat for

- speed control and starting purposes. The slip rings are made of
brass, bronze or gun metal in single, two or three parts assembled
and circular shape obtaired. But this is only in case of large slip
rings. Small rings are made in single pieces. The slip ring induction
motors are very extensively used on account of its higher initial cost
and greater maintenance cost. These are used only when speed’
control is required.

4°6® Moles
COPPER RING B8

(BOD'V‘ OR
SLEEVE(CI)

4 M
M6 S
T
F"I'__JL—*‘Q‘{ 14
stk =2 0 <HID
@7 8 :
To be screwed to ring A For Ring B8 Mica washer

Bolt and Stud covered with insutated tube
7 ext.Q and 5 int.g ‘

Fig. 22.2. Detail and part assembly of slip rings.
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The diagram shown above is a wound type rotor connected in
star/delta. Thediagram from supply toslip ring is shown in a starter
for three phase to explain method of starting a slip ring induction
motor. The resistance is inserted in each phase. At the time of
starting, the current taken by the motor is limited for safety pur-
poses and as the motor gradually takes up speed, the resistance is
cut-off. The moment, the motor catches its full speed, starting
resistance is reduced and finally cut-off. The rotor windings are
short circuited automatically.
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An example of two phase slip ring showing detail and part
assembly s given in Fig. 22.2. The sleeve hasa central hole for shaft.
There are various holes along the outward projection of sleeve for
fixing slip rings with sleeve with nuts and bolts. The two inward
holes are made to pass current carrying studs. The two slip rings in
isometric projection are similar to each other. The part assembly of
the parts is also shown. .

BRUSH HOLDERS

The function of brush holder is to hold the brush against the
commutator surface in D.C. machines. The brush holders are held
at aplace along the end cover of the machine, The brushes are made
todeliver the current to the commutatorin case of motors and collect
in case of generators or dynamos. Each brush is held in the box,
which has some device for exerting constant pressure on the brush
by way of spring action resulting in rigid contact between carbon
brush and commutator surface. There are two types of brush holders
in use i.e. hammer or lever type. In the case of hammer type, the
carbon brush is firmly held at one end of lever and in the later case,
the brush is free to slide in the box. However, the brush is forced

towards the commutator by spring power. The brushes are firmly
held to avoid any vibrations. ‘

Main Parts of Brush Holders and their functions

In the drawing in Fig. 22.4, following are the main parts and
their function has been explained in brief -

1. Brush Holding Box (C.L). The part is casted in one single
.Piece made to receive carbon brush which is free to slide in its
rectangular hole. The brush is forced towards commutator by spring
power. Tvw o brackets projecting cutward are made to support the
pressure arm and spring etc. with the help of a pin running between
two projecting brackets. There are two projections made in the rear
for clamping devices (Fig. 22.4b)so that the whole system alongwith
its attachments is supported for fixing it to brush holder bracket.
The clamping device is fixed in the rear Projection and jammed with
a screw to the box, a hole for which is shown in the clamping device.
The screw will enable the clamping device to be held at any place
upward and downward. -

2. Pressure Arm (C.L.). The pressure arm is shown on op-
posite page in tivo views i.e. elevation and end view. In addition to
this, an isometric view of pressure arm is shown here so that
internal details are clearly understandable. The function is self
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axplanatory ie. to exert constant pressure on the brush towards
commutator. It is supported on the pin between two projecting
brackets on the brush holding box. One end of this part comes over
 the brush. It is operated with spring and spring rod is made to be
held in the slot of the pressure arm for desired pressure. )

connections

Pig tail
(t)

(@) SPRING STEEL

ASSEMBLY

(b)

' Pressure arm

Fig. 22.4. Brush Holder, Details and Assembly.

3. Distance Piece Or Sleeve (M.S.). It comes over the pin
between pressure arm and right projecting bracket of the brush
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holding box. Its function is to keep the pressure arm at its proper
place. Secondly, it is used to support the spring as the distance piece
comes under the spring.

4. Pin (M.S.). One end of the pin is threaded and screwed to
the tapped hole of the projecting bracket on the brush holding box.
The other end will come in the hole of the other bracket ang thus,
the pin is held between two projecting brackets of the brush holding
box. One end has a saw cut for tightning purposes. It is made to
Support pressure arm and distance piece over it.

5. Springs. It is mounted over the distance piece. The smaller
end is secured beneath the right bracket to stop its circular move-

6. Clamping Device (C.L). The function of this part is to
Support the brush holder assembly along the surface of the com-
mutator. It is later attached to the rocker arm. The drawing shows

brush is provideq with flexible connections known as ‘pigtail
connections’ which are connected to the fixed connecting lug or
terminal. The pigtail connections are connected to brush at top by
a screw or soldered to a clip which can be moulded into the brush

Types of Brushes

There is l2:z2 variety of brushes based on voltage and speed
of commutator. Some of the brushes commonly used are -

(@) Metal Mixture Brushes. On account of Jow resistance

owing to mixture of graphite and copper, it can be used for
extra high currents.
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() Hard Carbon Brushes. A special carbon mixed with some
other material is used. The brushes are moulded to the
required shape and size and then baked at high tempera-
ture suitable for normal current density.

(c) Graphite Brushes. These brushes have special quality
due to its material that they can collect greater current as
compared to brushes of the same size in othgr'cases.

The drawing on opposite page represents detail of another type
of brush holder in isometric projections. The main drawing is abedy
which holds the carbon brush on one side and has provisions to be
held with where ever it is required to be fitted. The spindle which
supports the whole assembly (spindle not shown) comes in the main
hole and clamped by a screw shown above it. In its middle, there is
a tapped hole in which a screw is serewed to serve as a pivot for the
pressurc arm. The circular side has an inclined projection in which
a hole is drilled for connecting screw. The bottom of the connecting
screw is circular and has a hole so that spring could be attached.
The other threaded rod is made to pass through the hole in the
inclined projection. The spring is made to pull the bottom of the
pressure arm towards it and as such, the other end will exert
pressure on the carbon brush downwards. Whenever pressure on
carbon brush is to be increased or decreased. The circular nut is
operated upon, which will result tension in the spring reduced or
increased and ultimately pressure on carbon brush can be increased
ordecreased. A separate isometric view of carbon brush is given and
pigtail connections are shown.

Fig. 22.5
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BRUSH ROCKERS AND BRACKETS

The brush rockers, brackets etc. are all meant to assist a stable
position of carbon brushes through which current enters or leaves
the armatures of dynamos or motor The brushes are firmly held
over the commutator and proVided with pigtail connections in the
form of copper wire embedded in the material of the carbon brush

during manufacturing.
20 (

l¢20

Fig. 22.7 =

—

w
S

The brush holder or brush box in which the brush exists is
mcunted on brush spindles or brush bracket (for very large
machines) is further bolted or clamped to the brush rocker. Hence,
the brush rockers are used to hold brush boxes through the spindles
The brush rocker is fitted over the internal circular extension near
to the bearing on end shield of the machine. This is applicable. for
small machines. In the case of large machines, it is fitted directly
with the field magnet frame. The sleeve or spindle which carries one

LOCKING
PIN

¢ 10 HOLE
FOR SET SCREW
—l& 20l

== 295

Fig. 22.8
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or more brush holders is attached to brush rockers insulated from
it with insulation sleeve and washers of ebonite or mica on both sides
ofrocker arm. Tiie cable holder is held between two nuts on opposite
side of spindle. The spindle is covered by a mica sleeve. Each rocker
has different arms radially projecting outward which are equal in
number to that of sleeve or spindle carrying brush boxes.

Fig. 22.9
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Types of Brush Rockers '

1. Brush rocker for two Brushes. The drawing here shows
a cast iron brush rocker for supporting two brush spindles and
attachments. The rocker is in single casting with a large hole in the
centre for fixing it with end cover inner projection.

Elevation, side and plan of brush rocker is shown in Fig. 22.8.

2. Brush rocker for Four Brushes. The rocker is made of
cast iron in two pieces, each having four radially projecting arms.
T.wo small projections with tapped holes are provided on both sides
around the central hub for clamping the pieces with the help of
locking screw. The end of each arm is like a box meant to receive the
spindle of the brush holder attachments. The outer boxes are
strengthened by ribs. Fig22.8 shows detail of assembly of two pieces.

» &
1
I-—ss—-{
Bolt & Nut to hold
. two pieces

Fig. 22.10 Bolt and Nut to hold two pieces of rocker.
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3.Brush Holding Bracket. When more than one brushes are
to be placed against the commutator surface, the bracket as shown
below is mainly applied. The number of such brackets to be used is
the same as that of the number of poles of a machine. This bracket
is clamped to the brush rocker ring with the help of the slot, shown
near the top. The brush is placed in the brush holder and the brush
holder is fastened by means of bolts to the bracket at the bottom.

.
S 8
: ~¢35
: BE
. ~
RECESS

| Fsodsol 50l 5T k- . _

275 |

Fig. 22.11. Brush Holding Brackets.
A similar bracket for holding brush spindle is also shown.
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ARMATURES
Armature is the main part of a D.C. Machine which revolves
in the magnetic field. With the change of flux, an e.m.f. is induced
in the conductors laid in the slots of the armature. The current is .
collected from these conductors by connecting them with the com-

mutator segments and brushes are made to collect the current for
external use. This is in the case of dynamos only.

The armatures are made of core plates or stampings held on
the shaft between two end rings. The shaft forms the basis of the
whole structure which receives the core plate on it and it is the iron
part revolving between the poles of the field magnet frame. The
stampings or laminations are directly mounted over the shaft and
keyed to it, butinlarge motors, they may be assembled and mounted
over the armature SPIDER or frame, which is meant to reduce
weight and cost of the armature and hence asubstitute to very large
size stampings. The thickness of lamination varies from 0-5to1 mm
depending upen frequency of magnetic reversal. The stampings are
insulated from each other by a thin insulated paper layer pasted
over it or varnish is applied on both sides of each stamping for
insulating purposes so that the total length of iron (excluding
insulation) is about 90 per cent of the total core length. The length
of core plates when assembled on shaft or spider is known as core
length. Thelaminated core is used toreduce the eddy current losses.

Main Parts of Armature
Following are the mainparts of an armature :

1. Laminations or Stampings. The armature core is made
of silicon steel stampings. The stampings are insulated from each
other by a thin insulated paper layer or spray varnish applied to
both sides of each stamping at the time of manufacture. The use of
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high quality steel is made to keep hysteres is loss low, which ig due
to cyclic changes of magnetisation caused by rotation of the core in
the magnetic field. Secondly, it reduces eddy currents in the core
which are caused by the rotaticn of core in magnetic field. The
stampings are formed in variety of forms. When stampings are
assembled, slots are formed along the armature core, so that-arma-
ture conductors are laid. The laminations are held in such a way
that they are perpendicular to the path of eddy currents and parallel
to flux, the path of eddy currents thus is cut into several units.

OLE
Ew

@6 TAPPED H
FOR SET scr

7x3 KEYWAY

CUT FOR BINDING
IRE=2mm DEEP

w

16 SLOTS
10 WIDE 15 DEEP

Fig 22.13. Open and parallel sides slots ARMATURE.
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There are many types of laminations with difference in slots
only i.e. "H’ type for small toy dynamos and for very small motors.
Tripolor armatures are used for small motors of low voltage and
consist of three big slots and three teeth on its circumference. Same
common types of armature stampings are given here.

(a) Parallel sided slots: This is a very common type of
armature. The winding wires are laid in the slots and with separate
binding wire, the windings are bound along its circumference, so
that they are not affected by centrifugal force caused by high s_peed
of armature. The stampings are mounted over spider and held
firmly with spider arms. The outer rectangular shape of spider arms
serve the purpose of key to fit in key of stampings.

(b) Semi-enclosed Stampings: The winding lying in these
slots are free from any centrifugal force as the slots are semi-
enclosed from top. Hard wooden wedges are driven into the top of
each slots above the windings. It is advantageous due to the above
reasons but is difficult to wind being the only disadvantage.

(¢) Semi Circular Semi Enclosed Slots:

The stampings are very similar to that of paralle! sided slots.
The only difference is that the slots are semi-circular at the bottom
and semi-enclosed at top and have parallel surfaces on sides.

Fig.22.13and 22.15 are of small armatures shownin isometric
views in section. The stampings are to be directly pressed over the
shafts and keyed to it. The stampings are clamped between two end
rings from both sides. The end rings are also used for supporting
windings projecting out of the slots. The end rings are held in place
by set screws partly going into shaft. To avoid the effect of

15,20, 25 90 204 25
e R 22 1 : ‘%2 10 Holes, 5
_H‘S 5— Eac
e 5 |
A= il g
: S g3
& ——— { = -2
o P ~ ¥
j_ x = EI -4
B
End ning =
ARMATURE End ring

Fig. 22.14 Elevation Upper Half in Section and Side View of ARMATURE
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centrifugal force due to high speed of armature, there are two slots
along its circumference for binding wires. The slots which are only
2mmdeep are formed by using small sized stampings for that length
of slot. The slots in the previous drawing are paraiiel sided. The
effect of centrifugal force on windings is not possible in this case
when slots are semi-enclosed as on opposite page. The key is formed
in the laminatins and keyway will exist on the shaft. The right ring

OoLD
2

10 HOLES 5 TO Hi
FAN PLATES

16 SLOTS 10 WIDE 14 DEEP

Fig22.15 -
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is made larger and extended outward which form a flange to receive
fan plates which are to be acrewed to collar along existing holes. The
commutator is mounted on the shaft near the smaller ring. A
separate view is given to detail out the slots and teeth.

FIELD POLES AND INTERPOLES

The field magnets in D.C. machine are meant for producing
magnetic flux. The pole cores complete the magnetic circuit between
the armature and yoke. The field poles are sometimes casted with
"Yoke’ or casted separately and bolted to the frame. The poles are
either solid castings or built up of laminations assembled together
and riveted between end plates. Generally, laminated poles, are
preferred due to the reasons that when the armature teeth pass
along the poles, the flux density varies and the effect is more on

N w

cThick picte
\
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ﬁoles, The eddy current losses and heat produced may be more ifs
laminated poles are not used.

Field poles and Windings. The laminations ar: made of soft
steel punchings of suitable size and shape to form the finished core.
The core plates are held together between thick plates by counter-
sunk headed rivets. Two tapped holes are made at the top of the pole
as shown here so that the stud Passing through the field magnet
frame from outside can firmly hold the pole along inner surface of
the frame. Field winding duly formed is placed over the pole and
held between projecting surface of pole and inner surface of frame.
The poles are always in pairs and fitted opposite each other. The
outer surface of pole is machined to obtain firm contact between pole
and frame. The inner curved surface of pole is machined to the

Cover pigte 2mm Thick

2-150 TAPPED
HOLES

Side pl ate
4mm thick

Fig.22.17. Laminated Pole and Coil.
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diameter little more than the diameter of armature to create an air
gap.

Field Pole and Winding or Coil: The field pole shown below
in section is wound in a ‘U’ shaped former made of card board or
fibre. The coil is covered from top with cover plate and from outer-
side with insulating tape half overlaped. The coil is then impreg-
nated in insulating point and dried properly. The assembled views
in elevation and plan are shown in Fig. 22.16. The pole consists of
silicon steel laminations assembled and held together with the help
of six countersunk headed rivets. The two tapped holes at the top
are for the studs which hold the pole along the inner surface of Yoke
of body. The coil is supported on two shoulders of pole.

|

133

I — =

415 TAPPED HOLE

2 ja=——80 25 DEEP
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| il o
7 s |k WINDIN
68 4 |
——1 |
l— — b " 2D
1, s e 1 &l —|

+ 50—~
coiL SuPPORT/ | %Soﬂ\:. STUDS
@ LEACH

Fig. 22.18
INTER POLE and COIL: This is also known as commutat-
ing pole. Commutating poles are fitted to the field magnet frame in
the no !-d neutral axis between main poles ¢ £ a motor or a generator
i. e. poles and inter poles will be alternately in the frame. These are
used in large machines which have to carry heavy loads. These are
used for providing a field in the inter pole air gap for neutralizing



.

{ 764 ELECTRICAL WIRING, ESTIMATING AND COSTING

the armature reactance field and for inducing an e.m.f. in th_Je;.‘coils
undergoing commutation in opposition to the reactance voli:agg‘, The
inter poles are either made of cast steel or wrought iron stampings
held together between thick plates and firmly held by countersunk
headed rivets, (This type of inter pole is not shown here). [t has
smaller cross-section as compared to main poles. 2

.
o

Fig.22.19

The drawing in Fig.22.19 and 22.20 shows a cast steel inter
pole of réctangular cross-section. The coil is separately shown in
isometric view. The inter pole has a tapped hole at the top to fasten
it with field magnet frame with stud. The coilis held over two angle
irons to be attached to the interpole with small nuts and bolts.

The laminated pole is shown alongside in isometric projection.
There is a rectangular hole in the pole for a rectangular soft iron
piece. There are two holes at the top (not tapped). The two studs are
made to pass through the field magnet frame and then through the

pole top holes. The studs are made to fit in the tapped holes of the
rectangular bar (not shown in figure). :

Pole Shoe. When the pole is casted alongwith the Yoke, it is
attached to the inner surface with the help of studs. The pole shoe
is made of wrought iron laminations screwed to the face of the casted
pole, with countersunk headed studs :

Another example of an interpole and coil appears on opﬁpsite
page and its assembly with field magnet frame is shown below, The
difference between the previous interpole and this type in that it is
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laminated and design and size of winding or coil is different. The
laminations made of silicon steel are assembled together with
countersunk headed rivets between two thick end plates of the same
size as stampings. The steel bar of rectangular cross-section as
shown in Fig. 22.21() is to be inserted in the rectangular hole in
the interpole.

Fig. 22.20 Interpole and Coi!
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Fig. 22.21. Interpole and Coil.
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6-9P6 RIVETS
114 LONG

Fig. 22.22. Laminated Pole.

,‘—60 I ,— FIELD MAGNET

; FRAME
& X STEEL BAR
) : END PLATE

I - ——— WINDING
-] I =

Al ot
| i LAMINATIONS

3 - s ~ SUPPORTING PIN

RNET

Fig. 22.23. Sectional view showing assembly of field magnet frame and interpole.

COMMUTATORS

The commutator is an electrical device which cenducts current
to or from the external circuit through stationery carbon brushesin .
contact with its outer surface. In other words, it is an extension of
armature conductors with little more thickness to withstand wear
and tear due to carbon brush friction when it rotates. The com-
mutator segments are very carefully insulated from each othePwith
insulating and heat resisting materials. High quality mica is most

-50
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suitable material for this pur‘pusr:. When segments are assemble

and built up, commutator will form cylindrical shape. The segment

when assembled together and mounted on sleeve or ring, will forn

cylindrical shape due to the fact that the thickness of each segmen

on outer side is more than its thickness on inner side. The com-
mutators are mounted over the shaft as near to armature as pos

sible. The commutator is held over the shaft with the help of a ke,

to avoid relative motion between rotating parts. The outsid

diameter of the commutator is approximately three fourth th

diameter of armature.

Parts of a Commutator

The commutators essentially consist of the following parts :
Segment or commutator bar. The segments are made ¢
copper. Each segment has V' shaped
notch on both sides so as to be held
between two cone shaped end rings from
both sides. The segments are held

. . . Micg layer
together in cylindrical form and |l
mounted on a sleave such that ‘V’ 5
notches of all the segments will form 1 1|

circular shape and held by conical
projecting end of sleeve and end ring. N

Each commutator bar or segment is in-

sulated from its surroundings t.e. Fig. 22 24
sleeve, end ring etc., by providing mica :
layer 2 to 4 mm thick. The thickness of segments varies at top ar
bottom so that when certain number of such segments are arrange

4 Studs,¢16 @
140 PCP

=TS

®275
#220

$ 326

4 Slots in
end ring

Fig 22.25
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together, it should form a cylindrical shape. The length of com-
mutator.outer surface depends upon size and number of brushes and
current in the armature. If the number of segments is increased, it
wnl.l result in better commutation, but thickness of segment connot
-be ignored for mechanical considerations. The projecting end of each
segment has a saw cut to receive the conductor end from the
armature and soldered into saw cut. Where projecting ends do not
exist, the saw cut is made on one side of each segment. Sometimes,
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separate risers are permanently held in the saw cut and conductors
are held and soldered in the risers. The angle of conical cut of
segment is normally 33°.

The drawing in Fig. 22.26 represents an isometric view of
commutator assembly in section. The segments are held togetherin
cylindrical form and mounted over cast iron sleeve. Oneend of sleeve
is of the form of an end ring. The conical projection of sleeve :s
covered with mica ring before segments are placed in position.
Similarly outer circular surface of the sleeve is covered with mica
sleeve. When segment cylinder is placed in position, an additional
end ring is provided to hold the segment cylinder from opposite side
with the help of studs. The end of each segment is projected outward
for placing armature conductor ends in its cuts. The mica layer

projecting outward beyond the segments is tied witha cord to avoid
centrifugal force on mica.

CURRENT TRANSFORMER

An elevation and isometric view of assembly of transformer
with winding in section is given here and detail of parts of the same
are given in Fig. 22.28. It consists of five parts assembled together.

Laminated Core Fig. 22.28(a). The Jaminations are made of
silicon steel insulated from each other by a thin insulating paper or
paint. The thickness of each lamination is .35 mm to 0.5 mm which
are made up of two sectors assembled together i.e. limb or bottom
as one 'Y’ shaped piece and top straight yoke as other piece. Both
the pieces are assembled together making complete rectangular
lamination assembly. The laminations covered on front and back
(except top) by mica insulation layers. '

PRIMARY COIL
SECONDARY COIL

MICA INSULATION
(CYLINDER)

INSULATION

LAMINATED
CORE

CORE CLAMP

i MICA INSULATION
H—" LAvER

b

MS STUD

Fig. 22.27. Current transformer in isometric projection.
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Winding Coil Fig. 22.28(b). The secondary winding is wound
over a central mica cylindrical sleeve. Again, another mica sleeve is
placed over the secondary coil between primary and secondary coils.
The mica sleeve is extended outward on both sides. The primary
" winding is covered with insulating tape from outsides.

Core Clamp Fig. 22.28(c). Two core clamps, one on each side
of the core are used to clamp the core between them. Four studs at
four corners are used for this purpose. For providing additional
strength to the clamp, each clamp is provided with two curved
surfaces or projections. A flat horizontal base is also formed on both

clamps to provide a base to the assembled transformer.

Mica insulat.on s Laminated

caore

Insulagtion

Primary or HT Coils

312 Hole on ‘ %
both sides Sa00
2-¢5 Tapped holes

for termingl biock
(c)CORE CLAMP
Fig. 22.28. Detail of parts of current transformer.
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Terminal Block Fig. 22.28(d). It consists of an insulation
plate (bakelite) having two countersunk holes one on each side.
There are two pairs of connecting block or conductor holders at-
tached to it with studs. Each block has’a hole to receive conductor
for connections for input and output supply. The studs shown in Fig.
22.28 are used to clamp the core clamps.
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Fig. 22.29 Assembly of current transformer with coil in section.
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FIELD MAGNET FRAME

The casting or frame which holds the field magnet poles and
interpoles is called Field Magnet Frame. The frame is required to
complete the path of flux which posses from North Pole through the
air gap and armature to the Ssuth Pole and back to N-Pole via the

- voke. The frame provides mechanical protection against the dust

and moisture to the armature. It holds field magnet frame and
provides suitable support for the bearing in which the armature
runs. It may be made of one or two pieces depending upon size of
machine. The frames are made of magnetic material such as fabri-
cated rolled steel etc.

- 6 PAIRS OF HOLES FOR
INTERPOLES ¢ 20 EACH

CONTACT SURFAC
76mm ABOVE §

SPACE FOR
INTERPOLE

Sg Y f°"4
= D
= 4 38 HOLE
Lol S et TOUNTERED #58
T | 972 SDEEP
FIG 3

Fig. 22.30. Fie!ld Magnei Frame
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Bell Circuits and Indicators

Types of Bells and their description ; Bell Transformer ; Simple Alarm
Circuits Without Relay ; Types of Diagrams ; The use of Relay in Alarming
Circuits ; Bell Circuits using two Supplies ; Exercises ; T.D.R. Circuits ; The
Use of Indicators in Various Circuits » Examples on Indicator Wiring.

Types of Balls and their description

To meet the different requirements electric bells of various
types are manufactured. Some of those most commonly used are
given below :

L. Vibrating bell.

. Single stroke bell.

. Combination of vibrating and single stroke bell.
. .Bracket bell.

The types of bells which are most commonly used described
below :

2

3. Continuous ringing bell.
) v

5

1. Vibrating bell (Fig. 23.1 ) It is most commonly used house
bell. It consists of two electromagnets, metal projection provided
with adjusting screw, pivot armature, hammer, gong, frame and a
contact post etc. When the push button is pressed, the current is
passed through the electromagnets to the adjusting screw, down
through the armature  means of cantact spring and then to the
source of supply. When this condition occurs, the current energies
the magnets which attract the armature, causing the hammer to
strike the bell, but before it reaches the end of the stroke, the contact
breaker breaks the circuit. As soon as the circuit is de-energised, the
hammer of armature moves back to the original position, thus again
closing the circuit. This process is repeated again and again produr-

3
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ing vibration of the hammer as long as the push button remains
pressed.

Q Crew
“Gong .-Gong scre

L
- Hammer -
. -
Metq)
projection
Adjusting
contact | ~Magretic ot
SIrew (solencid col?
Armature Magnretic
ot contact | core
breaker -7
Flot spring - - Connzctirg

w. es

| >) !
Bakelite 1 T 1
base —- = . 7 !
I 89}~Twmm: post-=<

T,

At #
Lii—e

Push
atter
6V y -button
Fig. 23.1

2.Single stroke bell. Itisabell in which the hammer strikes
the gong only once, each time the circuit is closed or push button is
pressed. It consists of following major parts :

Two electromagnets (solenoid coils)
Pivoted armature

Hammer

Gong and

Iron Frame

In the single stroke bell, the current flows through the solenoid
coils net through the armature. When the push button is pressed fo?
operating the bell, the current is sent through the electromagnets
(produced in the solenoid coils) which are connected directly across
the terminals and energies them. It causes the armature to be
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attracted towards the iron cores of solenoid coils. The hammer when
attracted by electromagnets, strikes the gong. The armature
remains in the attracted position tii] the push button remains

pressed. As soon as the push button is released, the electromagnets

are de-energised causing the hammer to return to its original

position with the help of spring power. The action is repeated as and
when the push button is pressed. '

This bell may not be used as a means for providing an acknow-
ledged call or alarm but may be used for the purpose of giving a
signal or code of signals such as are required in various types of
telegraph and railway signalling apparatus

Gong screw
_Gong e />// <
/ &z

Hammer \

Metal /
projection ﬁ/'
%

; N
AZjusting |
EEAIAED i ; | -Magnetic -coil
Soro _¥_ﬁ]. - (solenoid coil )
;;-_?oon;g;t L 1+ Magnetic

— ore
breaker — =

Flat spring ———— _7Connec1mg
wires
Bakelite

b E— .
959 8@»—T¢rmmal post-{¥,
T T

il

Battery Push
6V button
Fig. 23.2

3. Continuous ringing Bell. When the push button for
operating the bel] is pressed, it continues to ring, until its local
battery ‘s fully discharged or until it is silenced purposely by pulling
dowr: of a cord or chain attachedtoit. Sometimes, a switch like object
is attached near the bell to silence it. This type of bell is used for
giving alarms in special circumstances,
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_Gong screw
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Fig. 23.3

The (Fig. 23.3) above shows detail of parts in the continuous
ringing bell alongwith its electrical circuit. The bell consists of parts
which are in an ordinary vibrating bell. A few more parts are
provided which help to make it continuous ringing. The circuit is
completed through solenoid coil, flat spring, armature and adjusting
contact screw. The armature is also connected to battery through
trigger, contact screw and terminal. When push button is pressed,
the electromagnet is magnetised which attracts the soft iron arma-
ture towards it. During the process, the end of trigger is lifted up by
spring action which comes in contact with the contact screw which
is further connected to battery. The current which first flows
through the solenoid coils as in normal cases is now cut-off owing to
the break in the contact. A new path is thus made upon such that
the current flows from pivot to the contact breaker via the trigger
to the supply mains. Thus the bell continues to ring until the cord
operating the trigger is pulled down, so that the later engages with
the projection on the contact breaker.



.

8 ELECTRICAL WIRING, ESTIMATING AND COSTING
Bell Transformer

The bells for office and domestic Purposes are designed for 230
volts AC without using any step-down transformers.

Some electric bells are designed to operate on 6, 9 or 12 volts
which can be either obtained from battery or by step down trans-
former.

Primary
coil — Sec. oV
\\ coil Bell
AC P —-@-o——r— 1 ]
230V N ————a o = N
Mains NL sl Bell push
Cut-out
STEP DOWN
TRANSFORMER
Fig. 23.4

The circuit is easy to understand and operate. If low voltage
bell is to be used for domestic Purpose supply conductors are ex-
tended up to cut-out and from there, the leads are connected to
primary winding of the bell transformer. The leads for bell or other
equipment are taken from secondary which provides reduced volt-
age. _

Simple Alarm Circuits Without Relay. The alarm circuits
connection are used to convey information by means of light or bel]
signals. The basic principle of wiring connection of bells is same as

Bell . :
N~
©

Beli-
push

[ el\:l:aﬁuery

Fig. 235
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the lighting circuits. In general practice, the neutral is given direct

_ to bells where as phase is supplied through push button. The alarm
of signalling system usually installed in small houses .may be
divided into two general classifications. The first is the audibleor a
visual type of signalling system which attracts the attention by
means of sound, given off by an electric bell or buzzer, or by a visual
signal such as the glow of a coloured electric lamp. The second is
voice transmission signalling system represented by telephone, by
means of which one person may converse with another at any
distance.

The simple wiring diagram of electric bell, apart from wiring
necessary to conduct the electric currentonits path consists of three
important parts : ;

1. Usable load (in this case, a bell).
2. Means of control (in this case, a push button). 2

3. A source of supply (in this case a battery — or 230 V ac.
supply)

The connections to the bell are made such that the positive
path of current of the battery travels through push button to the
bell. The negative pole of the battery is connected to other terminal
of the bell, completing the path of current through the bell. The bell
push, also known as push button is in series with battery and bel'.
No current will flow through the circuit until the push button is
pressed.

Types of Diagrams. There are two ways of drawing alarm
circuits. (a) The schematic diagram or circuit diagram which is an
explanatory diagram for easy understanding of details of operation
of an electric circuit. (b) The wiring diagram showing connections
actually applied and the layout of the wiring.

1. Draw a wiring diagram, single line representation and
schematic diagram of one bell controlled by two push buttons located
at two different places. The bell should ring by pressing any of the
two buttons. Looping system of wiring should be adopted.

This circuit is useful when there are two officers to be attended
by one peon. The bell should ring by pressing any of the two push
buttons located in two different offices. However, the peon cannot
- krow, which of the two officers has called him. In these circumstan-
ces, the peon can be made to understand only if different modes of
sound are adopted by the officers.

——



780 ELECTRICAL WIRING, ESTIMATING AND COSTING

Neutral

Rell

Py C f‘p1
Pnase —— +

Fig. 23.6. Schematic diagram of the bell operated by two push buttons.

»
The phase wire first enters push buttons No.1 and from there
itislooped-in to push button No.2. The terminals from a push button
No.1 and push button No.2 is connected to the bell. The bell should
ring when either of the two push buttons is pressed.

2. Draw a wiring diagram, single line diagram and schematic
diagram of two electric bells controlled by their respective push
buttons located at two different places, such that the bell should ring

when its respective push button is pressed. Looping system of wiring
should be adopted.

This is a very common circuit used in offices. The circuit is
useful when there are two officers having their individual bell
pushes and bells to call the peon or to pass on some information
through bell signal system. The basic idea of this circuit is to create
two signal systems from one supply.

Ph
;p ;P
230 v L 2

A C Mains
J Bell Bell
| 1 ?
Nt

Fig 23.7. Schematic diagram of two bells controlled by their
respective push buttons.

The phase wire is taken to one push button Py, from P; it is
looped-in to P;. The second terminal of P; is connected to its own
bell and similarly second terminal of P2 is connected to its own
bell-2. The bell-1 should ring when Pyis pressed and Bell-2 should
when P3 is pressed. The two push buttons and bells may be located
at different places. Each bell thus has its individual control.
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Sup ! Suppiy

(One bell controlled by two push buttons) (Two bells operated by their
respective push buttons)
Fig. 23.8. Single Line and Wiring Diagrams.

3. Draw a wiring diagram, single line representation and a
schematic diagram to control three bells connected in series with
three push buttons located at different places. All three bells should
ring simultaneously when any of the three push buttons is pressed.
Adopt joint box system of wiring.

Th circuit may be very useful when some information is to be
conveyed through bell signals simultaneously at three different
places from either of the three different locations.
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230V
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Bell- B,
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. Fig239
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“ Forinstance, one push button is nrovided in offiras . o ', the

other in assistant's office and the third one in the time Keeper’s
office. The bells are similarly located one each in three different
sections of the office or industry. When ever some information is to
be conveyed throngh bell signals i.e. observance of recess timings,
interval etc. it will be conveyed from time keeper office. Some 3pecial
information for instance for calling three section incharges etc. may
be conveyed from officer’s office. Some other similar information
may have tobe conveyed by assistant by pressing a push button from
his office. The circuit can also be used for similar other purposes.

4. Draw a bell circuit in three different ways to control two
bells (located at different places) operated by their respective push
buttons. These should be a provision to temporarily put out of circuit
one of the bells by adding a switch. Adopt looping system of wiring.

%\pz

Switch

230V
A C Mains

B, g,

|
|
|

B, B,
® ® ®
B Py Py
e
! I 5 ﬂa B Switch™g, B,
b 1 2 3 Py 'Pl’l'
N o
Supply R _sz _?PJ NI P

Supply
Fig.23.11 Wiriing Diagram
Three bells in series to ring together when any of the three push buttons is
oressed (Joint box system of wiring). Two bells each controlled independently by
two push buttons with provision to temporarily dislocate one bell when required.



BELL CIRCUITS AND INDICATORS 783

Two push buttons are located in the officer’s office to call his
assistant and peon by cal] signals. When push button Py is pressed,
the Bell B1 in the assistant’s office rings to provide a call to him by
the officer. The push button P2 is pressed for calling the peon by
ringing of the bell Bo. When peon is to attend some other side, he
will dislocate the bell by a switch before going, 80 that the bell does
not ring unecessarily in his absence. When he comes back, he again
puts the switch to ON position to attend to that office again.

S. Draw a bell indicating circuit in which an officer can call
any one of his five subordinates sitting at different places byp‘ressing
@ common push button after adjusting a selector switch installed by
the side of the push button. The bell of the subordinate room should
ring only for the period for which the push button remains pressed.

A four terminal selector switch is used, one each for an in-
dividual bell. A push button is provided before the selector switch
i.e. the phase will first enter into push button and then connected
to incoming terminal of the selector switch.

The bells are installed in different rooms of the building to
provide signals. For example, the person wants to ring bell B; he
will first set the moving contact of the selector switch to No. 2
terminal and then press the push button, the bell Ba wall ring.
Similarly any particular bell can be operated by setting the moving

contact on its respective contact and pushing the push buttons.

Several bells say 10 or even more can be controlled from one
push butten by using selector switch having out going terminal
equal to the number of bells installed.

Se'ector

B. 1 Neutral

Fig. 23.12 ke

A plan of an office comprising four rooms and a verandah i
shown in Fig. 4.14 The installation of wiring of bells and selector
switch is also shown in single line representation.

-3l
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Supply

LI

Bell-1
2 3
; ® o :.E,Seleclor
e ®—*1" cwiich for
4 Bells

Bell push

Supply
230V
AC

b4

.

Bell-1 2

“w
o~

. Switch board

~—Seclector switch

‘]
L_jhwsexl push

Any of the various bells located at different places can be operated by setting the
selector switch to that particular number and pressing the bell push installed

near to the selector switch.

Fig. 23.13. Single line and wiring diagram of selector switch circuit.

The selector switch is installed in the manager’s office from
where he can call his attendant, typist, cashier or head clerk to his
office by operating selector switch and pressing a single push button.

. G, S el Selector
3 | > switch
Typist Cashier Head S
clerk Manager’s
Office B il
e
0 D D Push
« verandah D
eranda
Attendant |
Fig. 23.14

6. Prepare a wiring diagram, schematic diagram and a singie
line representation of bell circuit, where it could be possible to operate
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two bells out of three simultaneously by pressing any of the two push
buttons (the third bell iscommon to both the push buttons). The three
bells and two push buttons are all located at different places of the
building. The connections should be made such that nowhere there
are more than four wires in the circuit.

The bell circuit is not very commonly used in normal cases. It
may be used where the person calling the attendant is to make sure
that the circuit is working.

I Phase
Bell push By
1
. 230V
lpush .
5 Be lzp"s A .C Mains
B2 -
{ Neutra!
Fig. 23.15

Bell push Bj are located in one office and Bell push
P> and Bell B3 are located in the second office. Bell B2 is located
outside the office in attendant’s room. When Bell push P1 from one
office is pressed, bélls By and Bo placed in series will ring. Bell By
will make sure of the continuation of circuit. Similarly if Bell push
P is pressed, Bell B3 and Bg will ring.

The circuit may be used in several ways, where information
about calling an individual is to be confirmed through bell signals.

Supply

B-ll Push for beil Bell Push for bell
Tand 2 2 ard 3
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|
\_/ o
Bell-1 B <, B3
N e _;( __T%

22%\/ Beil push-1 Eéll push-2
Bell No.1 and 2 or bell No. 3 ard 2 will ring in series when any of the two push
buttons is pressed. Therefore bell No.2 is common to both the push buttons.
Fig. 23.16 Single Line and Wiring Diagram

7. The bus is running fully loaded with passengers. The driver
of the bus pushes a push button in front of him for a bell to ring in
the rear of the bus-as signal to the conductor to enquire whether some
passengers are to be dropped at the next stop. The conductor presses
a push button, for a bell to ring near the driver as a response to his
enquiry if the bus is to be stopped. The driver faced no difficulty to
enquire about how to act. Draw the schematic diagram, wiring

diagram and also add a single line diagram of the response call
system.

8. Design a bell response circuit in which whenan officer sitting
tn his room presses a push button it gives a ring in the subordinate’s
room till the bell push remains pressed. To &ive back a response after
the ringing, if a bell push is pressed by the subordinate it glows a
lamp in the officer’s room giving the indication that the call has been
heard.

Draw the schematic diagram of ‘the circuit and the wiring
diagram in loopirg-in ~v<*sm with multiline representation.

(For solution add signal lamp in pldce of Ba)

P = v y
} k J Pivot I
P, ( ’;l =
p
| % | " .
230N 230V '
AC Malins A C Mains
|
/‘
! _ P, T /
By ) B, 8,
N~L . l B | ; i

N
. Fig. 23.17. Response call with two electric supplies.



BELL CIRCUITS AND INDICATORS 787

9. An officer calls his assistant through the call bell which
rings in the room of the assistant. The assistant responds to the
officer’s call from his own room by pressing a push button, a bell
rings in the officer’s room that the assistant has received the call. The
supply of current to the circuit is from two sides. The push buttons
heving make and a break contacts (NOand NC means normally open
and normally closed) NO and NC are used on both sides. Draw the
wiring diagram, schematic diagram and single line representation
of the circuit.

Solution. The phase and positive wires of each supply are
given to one terminal of each push button. The second terminals are
connected to their respective bells. The third terminal of bush button
P1 and P2 are connected to each other. Push button P1 and bell By

TIL[IT
| Be“"|| T

|
l !
1 Ba.t -1
1
; I :
‘ . | « |
i o i
Sug s (® |~— Beli push Supply 1 @! ¥ < T
azply
2

—

p L L3e, SRy 1 ®
Fig. 23.18. Single line and wiring diagram.

are located in officer’s office and push button P2 and Bell B2 are
located in accountant’s office. When push button is pressed the bell
Bz should ring. Similarly, by pressing P2, the current will flow from
P2 to Py and rings the bell B1.

It is important to note that the moving contact of push button
will remain in contact as shown. It will again takes its original
position as and when push button is pressed and released.
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10. A man is standing in the front verandah of a bungallow
from where he pressed a push button for calling the doctor. The doctor
is not in the house and subsequently the assistant of the doctor or
some other family member pressed a push button from inside the
house for a bell (in verandah) for attention of the person waiting
outside and immediately pressed another push button which indi-
cated on the verandah signal panel by lighting a red bulb where the
‘word 'OUT is written. This is sufficient indication for the person
waiting outside to understand that the doctor is not in the house.
There are three different coloured bulbs installed on the verandah
signal panel-Red, Green and Blue, where the words ‘OUT’, COME
IN and WAIT are written respectively. The bell is also installed in

verandah to draw attention of the person waiting outside before
giving the signal.

Draw the diagrams in three different ways to provide following
indications on verandah panel as OUT, COME IN and WAIT, by
pressing different push buttons from inside the house. An ind icating
lamp on panel inside the house shold be provided to have check on
the response signal that call is going through.

[ =
Neutral ‘ )

Fig. 23.19
Solution. The single line diagram and wiring diagram on
opposite page fulfill the above conditions, A call signal panel in
installed in the verandah of the bungallow, on which three signal
lamps, one push button and a bell are located.

The respohse panel is installed at a convenient place inside

the bungallow on which four push buttons, a bell and an indicating
lamp are installed

Thecircuit is very similar to an ordinary lighting circuit where
several lamps/fans are controlled from one switch board. Here in
this case there are push buttons in Place of switches.
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Q Bel!

® - @ wart

@ @ @@ : @ n

Supply Response panel & |out

Bell
@® |Pusn

Cal! signa!
pane

\ HZ_'—:_:_—::?:_‘ %
)TT\ L
\ ’_Ind‘ﬂ;:!ﬂmg 11 3,% %{V[:
‘ l | i i ‘\ L—-(g)-—"qlr
r\ /L Beli-1 }' H . ‘lOu
p 1 Be.
P —e Push
LS5
Beil woit In Out

Response panel

Fig. 23.20. Single Line Representation and Wiring Diagram.

11. A workshop manager has a provision to call three different
persons from a far located section of the workshop or any portion of
the building where call signal panel is installed. The caller’s panel
with push buttons etc. is installed in manager’s office from where,
any person can be called by pressing either of the three push buttons.
The three different coloured lights are provided on the panel from
where a particular person is to be called. Each colour of light may be
pre-determined to call the particular person. For instance the
manager pushes a bell push for extra attention of the person called
and then pushes a push button for green light to call engineer.
Similarly, red light for foreman and blue light for superuvisor can be
pre-determined. The person called also has a provision to push a
button from his office for a buzzer installed in the office of manager
as a response signal that the call has been received.
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An indicating panel with three coloured lights in the same

order is also installed in manager’s office for a check to ensure that
the circuit is functioning.

Prepare a wiring diagram, schematic diagram and single line
representation of the circuit to meet the above requirements.

An indicating panel is also installed in the manager’s room at
asuitable place for providing a check on the call that thecallis going.

230V
AC Mains
1 1 12 2 B 3’ =
> : ]
N —Y1_
OTAHER OFFICES
Indicating
panel
(OJOJOJO) QR
2D Q@
Manager Assn.Mangger

. Fig. 23.21. Installation plan of wiring of above circuit.
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QB X
1 2% 3

g INDICATING
SUPPLY PANEL

5580 [@E®

A ® 5
CALLER'S PUSH BUTTONS CALLER'S SIGNAL PANEL
— 1
12 3 -
MEE INDICATING l
230V PANEL —]
A C SUPPLY e ] L«k‘
SR
[ 3
LT
Buz2e Buzzer 2~4»_ L’
CA_LERS SIGMNAL
CALLER'S PUSH PANE!

BUTIINS
Fig. 23.22. Single Line Representation and Wiring Diagram.

12. Prépare a schematic diagram, wiring diagram and single
line diagram that may fulfil the following conditions :

A man wants to see a doctor in his bungallow during day time,
he pushes a push button located in verandah and the bell rings in
the drawing room of bungallow. The doctor attends to the person in
response to his bell signal. But during night time, the doctor may

%:5 P
&‘ Push buttcn
Night bell
N
Two-wzy
D i switch
Zagy  em T
A C MAINS Day
Pusn 6 H)
buttaon 03, bell l
i .
" 230V = .
A-C-MATNS
General drawing showing the day and night call Schemaic Diagram
bell system

Fig.23.23
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wish to receive the nighi call in his bed room, although the visitor
has tc press the same push button.

Solution. A two way switch will be used i1 between bells and
push button, the function of which is to change the path of current
to either of two directions i.e. bed room or drawing room. A two way
switch has two outgoing terminals and one incoming terminal. The

connection is given to incoming terminal, but outgomg terminals are
connected one each to bells.

When moving contact of the switch is on left side (as in Fig.
23.22), the DAY BELL will ring as and when push button is pressed.
When moving contact of switch is on right side, the continuous
ringing bell, installed in bed room will ring. If the bell is connected
to electromagnetic relay, it will ring continuously till it is silenced
by pulling a chain (attached to lever of the bell to de-energise its
magnetisation effect) attached to the bell. The bell can only be
silenced when the person gets up to puli the chain.

Note. The electromagnetic relay is not installed in the circuit.

. | o .

l Night bell Day bell
Supply s
Day ‘\° Night
2-way /’f
switch
Bell
@ Push
N P U
Supply D Night o i}
ay ig continuous be'l for cay
o \ Jinging bell e
2 Nay switch
\ Push
1bution

Fig.23.24. Single line representation and wiring diagram of Day and
Night call bell system.
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13. Draw in three different ways, a circuit for the office of a
principal of a college for giving light and bell signal to call his office
staff. The principal has three push buttons, a signal lamp and a
buzzer on the panel near to his table. There is another panel in the
matn office with three indicating lamps and a bell. Each of the three
persons to be called has his own bell push for the bell to ring in the
principal’s office in response to kis call. There is another indicator
lamp panel with three lights in the principal’s office to check that the
call is going through. When he presses a push button Pj to call the
head clerk, an indicating lamp on the indicator lamp panel in his
office will glow apart from the same coloured lamp in the office panel
as an irdication for the head clerk. But before this, the principal will
press a push button for the bell located in office panel for attention
of the persons. The head clerk presses his push button for the bell in
principal’s office in response to his call.

'
——— e

CHECK PANEL

X
&

L PRINTPAL'S
! CALL SIGNAL
oy PANEL
4 J 3_3 PANEL W
P, P, Py P, OFFICE
Wiring Diagram

f . B ’}T A & T o
L 9% 29 2.4 1 1

Fig. 23.25

P = Push Button
R =Red Lamp
B =Blue Lamp
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G = Green Lamp
R = Return or Response Push
B =Bell No. 1.

14. Draw a response circuit for the security personnel of a hotel
in which it is possible to &ive a general call by means of three bells
to be given by the security officer to three attendants deputed on three
floors of a hotel. The individual Push button for attendants enables
them to give a response signal to the security officer by means of three
bells located in the office of security officer to ensure that they have

‘received the call. Draw schematic and wiring and single line

diagram:
’Jp| ’Ipl )PJ
B A, A1 A3
p
N 4 By B, Bs I
Bi By, B3 and P are loaded in the office of security officer
Ay, and Py for attendent of first floor.
Az and Pz for attendent of second floor,
. A3 and Pj for attendant of third floor.
Fig. 23.26 (q)
230y =
AC i
Mains '
R e et S SN L.,
4 r=---- - e e T

5 Gl R S e

I

mn
o~
2
o
>

(D
w
.

Wiring Diagram
Fig. 28.26 (5)

THE USE OF RELAY IN ALARAMING CIRCUITS

When the distance between the bell and push button is consid-
erably more for the control of the bell, the length of wire might also
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be equally more. The resistance of the circuit or voltage drop is 8o
great that the battery or bell transformer cannot supply a current
sufficiently large to operate the bell at a considerably more distance.
In these circumstances, it may be advisable that the bell is operated
by an independent battery connected through arelaybecause it may
not be convenient toincrease the existing battery or bell transformer
voltage. It is very convenient and economical to use bell transformer
in place of the battery for domestic bells. The bells are designed for

230V a.c. supply which are more preferred as compared to low
voltage bells.

The simple electromagnetic relay is an electrically operated
switch which can be closed by a comparatively weak current.
Regarding the operation of the bell, the relay is the major part of an
electric bell with the armature having trembling action being at-
tracted to the iron core of the relay. Another major aim of bell circuit
with relay is that the bell should continue to ring even when the
pressure on the push button is released. This can be achieved by
using relay operated by various types of push buttons.

lectromagnetic
|

2iqYy

e \ !
N 2
L Arma!weil %
-

__@_

Push button

k
=

|

|
|

+

Fig 23.27. Abell along with an electromagnetic relay.

A simple electromagnetic relay consists of a coil wound over
an iron core forming an electromagnet. When current is made to
pass through the coil winding, the iron piece is magnetised and
attract the soft iron piece known as ‘armature’ which is further
pivoted on one side and provided with make and break contact points
on the other side. The armature when attracted by electromagnet
closes the local circuit.

The relay in normal cases is open circuit relay, which operates
as and when the bell push is pressed. (Open circuit of relay means,
thearmatureisnotinattracted position and ultimately not touching
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the terminals which otherwise it is made to be in contact). Asin the
case of relay circuit mentioned above, the relay will operate causing
the bell to ring as and when the bell pushis pressed. When the push
button is released, the bell will cease ringing.

The relay is usually provided with four terminals, two of which
are connected to relay winding which are further connected to bell
transformer -or battery. The other two are connected to the circuit
to be controlled. The bell push for making or breaking the circuit is
+ provided on opposite side to the bell. The two terminals of second
battery or bell transformer are connected to the terminals which

make contact only when relay is energised and armature is at-
tracted.

In ordinary bell circuits, the bell rings as long as its push
button remains pressed. But we have to develop the circuit in which
the bell should continue to ring even when the pressure on the push
buttorwis released. The bell should be got silenced by pressing
another push button. This type of circuits are only possible if an
electromagnetic relay and special types of push buttons are added
in the circuit. The diagram below provides answer to the above

mentioned requirements.
1 NO Push
Armature e

button
..l P,

230V R =t 1t |
AC

P

| 1
A 1
Mains | I
‘ I I Relay
: s : coil
! 1
L-]--_ R —— )
NContact
&Antcct I a, NC Push
2 Q, button
P
N 3 Y

Fig. 23.28. Relay circuit operation.

Two types of push buttons are used in such circuits such as :

N.O. (Normally Open). It remains open or in disconnected
form. It closes the circuit when it is pressed but comes to the

disconnected position as and when the pressure on the knob is
released.
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{
|
i

|

N.C. (Normally Closed). It remains closed or in connected
form. It opens or disconnects the existing circuit when it is pressed.
It comes tothe original or connected form as and when the pressure
on its knob is released.

In the circuit shown above, if N.O. push button ‘P’ is pressed,
the electromagnetic relay gets energised and pulls the movable'soft
iron piece (known as armature) towards it against the pressure of
the spring. The contacts C1 and Czbeinginterlocked with armature,
are pulled completing the circuit through C3. When the push button
‘P’ is pressed, the supply to coil of relay commences and continues
through C2. The bell will thus continue to get supply and keep
ringing. If the supply to the relay fails or the circuit is broken
intentionally by pressing N.C. push button P1 the coil will be
energised and the armature will be thrown back by the spring
pressure resulting in opening the contacts C1 and C2. When the
supply returns, the bell will not ring unless the push button Pris
pressed again.

The principle of starting of electric motors is also same. Once
the motor is started by pressing the ‘Start’ push button, the motor
starts running. If the supply fails, or another ‘Stop’ push button is
pressed, the motor stops running. It is important to note that the
motor cannot start again even if supply returns at the same moment.
The motor can be started again only by pressing ‘Start’ push button..
The relay coil and contacts C1 and Czare housed together as shown
by a dotted line and the complete assembly is called relay.

Another simple relay circuit is shown in Fig. 23.29. The relay
consists of coil wound on an iron core forming an electromagnet
which attracts the armature |
pivoted at a point near toit as
and when the relay is con-

nected to supply. The lower
surface of armature comes in

NC Push
. . Indicat . button
contact with terminal ‘C’ to icmgg Pivot
complete the circuit through
armature as and when the Reloy A 1 g
push button is pressed. . button

When NO (Normally
Open) push button is pressed,
the circuit will be completed
through NC (Normally Fig. 23.29. A simple Relay circuit.
Closed) push button and terminal ‘C’ energising the relay coil and

Lf\rmcnurz
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NO Push buton .
80
Indicating
Lamp . ,
Bell in peon's
room
Iron core gadn a
g
R A K
elay | NC Push
button placed
§ - in corridor
e )

Battery

Fig. 23.30. Relay circuit.
Another example of relay circuit is given in Fig. 23.30. When

The armature wi]] take its original] Pposition (as it jg 8pring control-
led) to allow the process to be repeated again. It is g very useful

is located at remote places,

When NO push button is Pressed, the iron core is magnetised
and attract the armature making the bell to ring. The circuit can be
broken by NC push button to silence the bell. '
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Relay B
= Battery o
—: i ..l,
NO Push NC Push
button 4 button

Fig: 23.31. A Relay circuit connected with a bell.

Bell circuits using two supplies

Most of the modern automatic equipment is based upon auto-
matic control using relays and relay circuits. Twosupplies have been
created to control bell at 230 V a.c. and relay and push buttons at 6
Vor 12 volts d.c. It is possible to convey the signal from one circuit
to another circuit without the two being necessarily connected
electrically. As already stated, we can use the bell rated at 230 volts
a.c. and for pushbutton and relay we may use only 6 Vor 12 V supply
for the sake of human safety.

AC 1Y B.CL

NO Push
button

Mains

ag] Spring

AC
Bell

v
zzov i $ : A é Push button

N

Fig. 23.32. A relay circuit using two supplies.i.e. AC and DC.

In Fig. 23.32, the two supplies have been used to operate the
bell and relay. The coil and push buttons have bec. conaected to 12
velis d.c. supply whereas bell is connected to 220 volts a.c. supply.

=52
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When push button is pressed, the electromagnetic relay coil is
energised which attracts both the spring controlled and interlocked
contactors towardsit Thebellstarts ringing on 230 voltsa.c. supply.
The supply to coil commences through contactor Az even when NO
push button is released and continues to ring. The bell can be
silenced only if contactors are pushed back. This can be done only if
the coil is de-magnetised by pushing NC push button. The process.

can be repeated by pressing NO push button for continuous ringing
" of bell. '

Taking references from above Figures, a schematic diagram

is reproduced here to understand,all the following circuits.

In the schematic diagram shown in Fig 23.33, the relay coil is
marked ‘A’ whereas aj and a2 are the NO contactors of the relay.
Practically, the relay and contactors are closed together but here
these have been shown at different places because the circuit is to
be explained in a proper manner in the schematic diagram. It is not
necessary to show the actue=! nositinn of the components. When NO
push button P1 1s pressed, the relay coi; _. s direct d.c. supply and
gets energised. The energised coils gets contactor aj and a2 at-
tracted towards their terminals. The bell starts ringing as its the
contactor a2isin contact. The coil will continue to get supply through
aj even if NO push button is released.

If the NC V ush buttonis pressed, the contactors @i and as will
come in original disconnected form thereby disconnecting the a.c.

supply tobell. All the following circuits using relay work on the same
principle. ' :

12NDE 23lV ac

P] 4 C]I Cz|°
NO PUSH |\

=« Button
NC Ll)
—a Push button ’—{
Bell
A |Rzia

- ——

‘i-;ig.23.33, Schematic Diagram of relay circuits.
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Example 1. Draw the schematic diagram, wiring diagram
and single line diagram for a bell to be operated from a 230 volts
supply by means of two push buttons located at ti:o drfferentplaces
The push buttons and relay are re- 6voc

S 230V AC
quired to be operated at 6 voltsd.c. *

PE

Solution. The relay and two

push buttons have been controlled 3 j( P
byd.c.supply and bell workson230  ¥__
volts a.c. supply.

When either PirorP2 is AB—_]MIGY
pressed, the current flows to the
relay coil thereby magnetising its ~ .
iron core. The relay armature or Fig. 23.34
contactor will be attracted. The attracted armature will allow the
a.c. current pass through to the bell. It is simple circuit with two
supplies. The bell will ring as long as the push button remains
pressed.

VQZ RZ'Q)’
- armature

Example 2. (a) Draw the single line representation, wiring
diagram end schematic diagram for an electric bell to be controlled
by a push burion and a relay. The bell should continue ringing after
the ‘NO’ pu sh button has been momentarily pressed. The bell should
stop ringlng afier '>'ee,azng the ‘NC’ push button.

233y [N — = H ! \L\ T
L= T : )
tairs | e Curesclon a No Zush
| \rl—t ] \ S.*on
i 11 | Be!!
| ‘ ! ! t
L ‘ !
RER | NC
i l.} | Push
- ; | button
ekt SRR EY & gy
L_/?\_‘,Ei"lﬂ‘t
Wiring Diagram Schematic Diagram
Flg 23.35

Another alternative wiring diagram is given m Fig. 23.36

Example 2 () Draw the schematic dtagram and the wiring
diagram for a relay operated bell circuit. The bell is rated at 230V
a.c. whereas the relay works on 24 volt d.c. upon ‘pressing a push
button, the relay should be energised and the bell should get 230 volts

a.c. supply through the contact of the relay. (ms as in Fig. 23.36).
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L
ell
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NC
Push button
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Relay
m
Contact
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Push button
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Supply
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2
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Fig 23.36. Single Line Representation and Wiring Diagram of controlling
a bell through a push button and relay.

Example 2. (¢) Drow q schematic diagram, wiring diagram
and a single line diagram in which it is possible to ring a bell from
three different push buttons located atthree different places. The beli
should ring by pressing either of the three push buttons but the sell
stwuid continue to ring till it is Put off by pressing @ separate push
button. Adopt looping system of wiring.
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P 5 ¢ 1
71 -/1 '7I o]
Al RA P

230V
i NC
Mains
l Relay A Bl
N >

Fig. 23.37 (a) A bell to be controlled from three different places.

Fig. 23.37 (b) Wiring diagram of a bell controlled from three different places

Example 3. Design a relay operated relay circuit to be used
by an officer. The officer by pressing a push button can make a bel!
to ring in his P.A’'s room and the lamp to light in his own room
simultaneously. Both the lamp and the bell work on 230 volts a.c.
The lamp and the bell get supply through one contact of the relay.
The relay coil is rated for 12 volts d.c. Thus by pressing the push
button the officer can call his P.A. and also can see through the lamp
whether ko call is going or not. Draw the schematic diagram for the
control circuit and the wiring diagram.
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Fig. 23.38 (&)
Example 4. Design an alarm circuit to meet the following
requirements :
In the event of failure of electricity in the shop floor of a factory
a bell will ring giving an alarm in the control room. The bell works
on 12 Vd.c. Draw the schematic diagram and wiring diagram. 4
Solution. The relay remains energised so long as there is

—r II-“ACN J_\»] |
T ST
S = - T
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another terminal thereby completing the d.c. circuit and ringing the
bell. If the circuits are to be isolated in case of need, two switches
can be included in the circuits.

Example 5. Design a relay operated bell circuit in which one
common bell is used by two different officers. Two separate push
buttons are provided in the two officer's room. When any of the two
push buttons is pressed, the bell should ring. The bell should also
ring when there is any disconnection in the relay circuit. The relay
coil is rated for 12 volts d.c. whereas the bell is rated for 230 Va.c
Draw the schematic diagram and wiring diagram. '

12V 9C | 230V AC 6
_—% C| \

—4 Lk _g]
(& 12y 1|
P L. ;

l
1
|
I

%=/

Battery i
s N.C Push buttcns
Fig. 23.40
Solution. In this case, NC push buttons have been used for
the officers. When any of the two push button is pressed, the relay
coil will be de-energised and contactor ‘" will be closed causing the
bell to ring on a.c. supply. The contactor ‘@’ will open only when coil
is energised. The push buttons have been placed in series. It has the
disadvantage that the relay coil A will remain energised causing
loss of power. If there is any disconnection in the relay circuit or a
loose contact develops in the relay, the bell will ring coqtinuously
giving warning for attention. :

Example 6. Draw the schematic diagram, wiring diagram.
and single line diagram, for the circuit to be used in a bus. When the
conductor presses a push button, for giving signal to the driver to
stop the bus, two red lamps, one facing the passengers and another
on a panel facing the driver’s seat will glow. The conductor should

_press another push button to switch off both lamps as an indication

. “for the driver to start the bus again. Adopt any system of wiring

(looping system or joint box system) but confusion in the diagram
due to more number ofdines must not extst.

L
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Example 7. Draw the schematic and wiring diagram of a
relay operated signal circuit for an officer’s office. The officer can call
his H.C. (Head Clerk) by pressing a push button. The bell will ring
for as long as the push button remains pressed and simultaneously
a signal lamp will continue to glow in H.C'’s office till the H.C.
presses another push button in his room to switch off the signal lamp.
If he is not in the office, at that time, upon his return, he will find the
lamp glowing and thus come to know that he should attend to his

officer. The H.C. must push another push button to switch off the
signal lamp.
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Fig. 23.44

Example 8. A man wants to see a doctor in his bungallow
during day time. He pushes a push button located in verandah and

o é
= bulton |
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Fig. 23.46

A two way switch is included in the circuit. The two way switch is operated for
choice of day or night bell.

i e e

o an
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thebellrings in the drawing roomofthe dungallow. But during n ight
time, the doctor may wish to receive the night call in his bed room
although the visitor has to push the same push button. Once the push
button is pressed, the be!l should continue to ring qutomatically ¢l
the doctor wakes up and presses another push button to silence the
bell: Draw the schematic diagram and wiring diagram.

Example 9. A bus is provided with two push buttors for the
passengers and one red and one green signal lamp in front of the
driver’s seat. By pressing any of the tico push buttons by a passenger
whowants to get down, a red signal can be given to the driver to stop
the bus but simultaneously a green lamp should go off. The driver
stops the bus. When the bus is ready to move, the conductor should
be able to switch off the red light and siwcitch on the green light by
pressing a re-set push button installed near to his seat. The same
procedure can be repeated wherever any passenger wants to get
down. Draw the schematic diagram and the multiline wiring.

Note. Another alternative wiring diagram and single line
diagram is given in Fig 23.49.
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Supply @

Re-set Push Button

Fig. 23.49 (a) Single Line Representation.

Green Red

©

Signaf

Fig. 23.49 (b) Wiring diagram.

g
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Example 10. Draw a schematic diagram, wiring diagram
and a single line diagram which should meet the following require-

ments :

The passenger bus consists ofa main busand a trailer (A trailer
is an additional compartment coupled to the main bus to carry more

24v 0C

+

EEE

!

Fig. 23.50
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passengers). There is one conductor each in the main bus and in the
trailer. The passengers can give to thedrivera red signal for stopping

the bus by pressing any one of four push buttons. (Two in the main
bus and two in trailer). The driver must get a green signal before he

trailer have both pressed push buttons provided separately for them.
This means that the green signal should not appear on the indication
of one conductor only.

Q) x

Fig. 23.51. Wiring Diagram.




BELL CIREUITS AND INDICATORS ‘ 811

Faur push buttons are meant for the passengers for giving red
signal tothe driver to stop the bus. Push battons 1 and 2 are fixed
in the main bus and push buttons 3 and 4 are in the trailer. Push
buttonsFis installed in the bus and 6 in the trailer for use by the
conductwrs.

Esample 11. Alight and bell circuitis to be designed for four
special moms of a hospital. The arrangement should be such that
when thepatient in any of the four rooms wishes to call the nurse, he
presseszpush button from near his bed. The relay operates and as
a result.an indicating lamp outside his raom in corridor goes ‘on’
and amgher indicating lamp bearing the number of kis room on
indicating panelin nurse’s room also goes ‘en’. The only bell (common
for all ptient rooms)installed in nurse’s roam alsorings for her extra
attention. This is an indication for the nurse to know from which
room thecall has come. If she desires, the bell can be silenced by the
nurse bya switch on indicating panel but the signal lamp should be
still ‘on’.The indicating lamps and bell can be re-set by pressing a
push buten from patient’s room. The secord indicating lamp glow-
ing outsie the patient’s room after his call is an additional indica-
tion forthe nurse so that she can attend to another patier.t before
returnirg to her room after attending the first patient.

Draw the schematicdiagram, wiringdiagramand a single line
represeztation fulfilling above conditions

Fig. 23.52
Slution. Mark relay A, B, C and D on the above diagram.
Also fird and mark the contactors which will be operated by pressing
a parfeular push button to energise that relay. For instance for
relay %, a1 is for relay (near its push button ) a2 for signal lamps
(first gair of lamps), a2 for bell. Similarly mark bj, b2 and b3 for
relay¥ and so on. ,

Example 12. The call signal crrcngement is to be provided

for tizee special rooms of a hospital. When the patient in any of iie
threemoms presses a push button from a panel near his bed to call
the nurse, the relay operates and one lamp outside his room and a
one lamp in nurse’s rcom goes ‘on’. This isan indication for the nurse

- 4 Frer
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to know some patient has called her and comes out in corridor and
immediately know from the indicating lamp glowing outside the
paf_ien t’s roém which of the patients has called her. Both the indicat-
ing lamps can be switched off by pressing a push b

utton in patient”
room. )

5

Draw__’at least two alternative circuit designs in a schematic
diagram and add a multiline and single line dicgram.

‘ Solufi@p; The circuit is very similar to the
except the indication of particular room. Here. onl
lamp is installed in nurse’s room in place of an indi

#

previous circait
y one indica*ing
cating lamr and

P ¢ s
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bell panel. When a push button say Py is pressed by the patient, the
relay A is energised which attracts contactor aj and a2, the lamp
S1 (placed in series in {a) circuit with relay A) installed in front of
room No. I will glow and another lamp Sy in nurse’s room will also
glow through contactor a2. Both the lamps can be switched off by
pressing a push button from patient’s room.

Fig. 23.54
PRook - | "Room > | Troom RS R
'[Eo] ‘[ee| [@e
< Ay ~

L{—®

&+ =
VER A N D AH
Figr23.65

The schematic diagram shown in Fig. 23.54 (@) has been
followed here and draw the wiring and schematic diagram as shown
below. The relay signal lamps have been shown in series, the relay
therefore will have to be designed specially for the purpose.

Draw another diagram showing relayv and signal lamp in
parallel by taking reference from schematic diagram shown in Fig.
23.54 (b).

Example 13. A light and bell circuit is to be designed for four
special rooms, he presses the push button from near his bed, relay
operates and as a resu't, an indicating lamp outside his room in
corridor goes ON and another indicating lamp bearing the number
of hisroomon an indicating panel in nurse'’s room also goes ON. The
only bell (common) for all patient rooms in nurse’s room also rings
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Fig. 23.56 Single line Representation and Wiring Diagram.

for her extra attention. This is an indication for the nurse to knotw
from which roor the call has come. If she desires the buzzer can be
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silenced by the nurse by a switch on indicating panel but the signal
lamp should be still ‘on’. The indicating lights and bell can be re-set
by pressing a NC push from patient's room.
Draw the wiring diagram, schematicdiagram and a single line
representation fulfilling the above conditions,
~ Solution. The problem is interesting and easy to understand.
he panels are installed in each room near the patient's bed to call
the nurse as and when necessity arises. The indicating panel is
Installed in nurse’s room at 2 suitable lace from where she can
immediately see and respond to the call. Four indicating lamps,
each representing a different room number and relay are installed
on the indicating panel, in addition to this, a buzzer is also pro-
vided to invite extra attention of the nurse. The buzzer can be dis-
connected by a switch if not required momentarily.
When patient in room number 1 presses a push but-
ton to call the nurse, she will press button P,. The arma-
ture will then be attracted towards relay and sub-

P =
NC NC NC NC
? pig ok gpzba c
Switch A 8
y T8
o 1 2

Relay E [#] Relay £
N

Fig. 23.57
sequently, the lower portion of the armature will make contact with
a point and a circuit will be completed through the NC push button,
relay, indicating lamp (outside the patient’s room), indicating lamp
innurse’s room and a relay on indicating panel. The indicating lamp

Patients Patients Patient’'s Patient’s
Room Room Room Room Nurse's
No.1 No.2 No.3 No. & Room
@@ (OXO] [OXO) [OJO)
Indvcu!;ng
panel
VERANDAH Signal lamps eutside
patients room

Fig. 23.58. Installation plan of wiring showing various room panels
and indicating panel. ’
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L1and 1 will glow and keep on glowing, as an'indication tothe nurse"™
to know which room the call has come from. The indicating lamps

will go off, only when NC pu‘sh button (in patient’s room) is pressed
to dislocate the existing ciretiit.
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Fig. 23.59. Single Line Representation and Wiring Diagram.

Example 14. A relay perated signal circuit is to be provided

for a three storey hotel butldmg which should meet the following
conditions : 3
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There are five rooms on each of the first and the second floor.
One attendant is provided each for the first and second floor. The
manager’s office is on the ground floor. Each attendant is provided
with a panel board having on it five signal lamps (one lamp for each
room signal) and a buzzer. In the manager’s room on the ground
floor, there is a panel board provided with two rows of signal lamps
with five lamps each, indicating number of floor and room number.
Near the two-rows of lamps, there is also a buzzer. If the push button
in any of the rooms provided to call the attendant is pressed the
buzzer on the panel of the concerned floor and on the manager’s
panel will ring for as the push button remains pressed. Two signal
lampi.e. one on the concerned attendant’s panel board and the other
with same room number on the manager’s panel will continue to
glow even if the push button is released. The lamps (one on
attendant’s panel and other on manager’s panel) can go off simul-
taneously only when the concerned attendant has gone to attend the
guest where he will press a push button marked ‘off. The manager
is therefore able to ensure from the panel that the guest’s calls are
being attended. If a particular lamp on his panel remains ‘on’ for a
long period, the manager can question the attendant for not attend-
ing that call. Draw the schematic and wiring diagram which should
be clear enough to be incorporated practically.
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FOR MALAGESS
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Fig. 23.60. Arrangement for IInd floor Signal Circuit.
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' Example 15. A light and bell circuit to be designed for four
special rooms of a hospital. The arrangement should be such that
when the patientin any of the four rooms wishes to call the nurse, he
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has come. If she desires, the bell can be silenced by her by a switch
on indicating panel but the signal lamp should be still ‘on’. If the
" presses a push button from near his bed. The relay oper~ s and as
_aresultan indicating lamp outside his roomincorri:: .- goes ‘on’and
another lamp bearing the number of his room oz indicating panel in
nurse’s room also goes ‘on’. The only bell (common for all patient’s
rooms) installed in nurse’s room also rings for her extra attention.
This isan indication for the nurse to know fromwhich room the call
patient presses a push button to call her, the lamps will glow but the
bell will not ring if the switch on indicating panel is ‘off. This is a
drqwback. The indicating lamps and bell can be switched ‘off by a
push button from the patient’s room. If the nurse forgets to switch on
the bell switch, the bell will not ring when the patient presses their
respective push buttons. ’

p

Fig. 23.62

Design a circuit in which the switch is replaced by a push
button so that the nurse may press a push buttor instead of a switch
in her room by which, the bell will stop ringing but the lights will
continue to remain ‘on’ until she presses a push button in patient’s
room. The bell should ring again if any patiemt presses his push
button. Draw the schematic diagram for the above design.

Example 16. The manager in a big factory is provided with a
push button marked CALL in his office to call his three assistant
managers for a conference. Each assistant manager is provided with
a bell and a signal lamp. When the manager presses a push button
marked ‘CALL’ to call his assistant managers, the bell in the assis-
tant managers offices will ring for as long as push button remains
pressed but the signal lamps will continue to glow even after the
manager releases the CALL push b. .- When the assistant
managers reach his office, the manager cansii..  “all the lamps
in assistant manager’s offices by pressing enother p':<h button

marked ‘OFF" installed near his seat. Draw the schematic ¢.ozram
and add a wiring diagram.
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Example 17. Design a bell circuit in which one push button
nnd two indicating lamps i.e. one green and cne red are mounted on
the plate outside the residence of Mr. X, In case somebody presses a
push button from outside, a bell should ring inside the house. Ifthe
doctor is inside the house, he will press a push button from inside. A
bell should ring and red lamp goes off and simultaneously a green
lamp should glow outside. This should happen only for the period

the push button remains pressed, otherwise the red lamp should
continue to glow. -

Draw a bell circuit. Draw

its schematic diagram and wiring
diagram in looping-in system us

ing multiline representation.
P
[ N

al PUSH
BUTTON

P
GREEN i g jo GR
: —
. (b) Using 1 NO-1 NC Push Button
Fig. 2364

(a) Using Relay

Solution

1. Circuit using relay. In this case, the relay is used along
with a contactor. The relay remains constantly energised and red
lamp remains ON as NC push button is used between line and relay.
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_ As long as the relay remains energised, the contactor ‘a’ remains
open. When NC push button is pressed, the relay is de-energised
and red lamp gees offand simultaneously the centactor ‘a’ closes the
circuit thereby ringing the bell and glowing green lamp. The contac-
tor closes the circuit as long as the NC push button remains pressed.

~ As and when the pressure on the NC push button is relased, the
relay is again energised, as a result of which the red lamp will glow
and green lamp will go off.

2. Using 1 NO-1 NC push button. This type of push button
has two contactors. As it is spring controlled, one contactor is
normally open where as the other contactor is normally closed.
When push button 1 NO 1 NC is pressed, the red lamp which will
normally remain ON will now go off and the greer. lamp will glow
for as long as the push button remains pressed. As soon as the push
button is relased, again the red lamp will glow and green lamp will
go off simultaneously. ' )

EXERCISES - B

1. The drawing below shows the incomplete schematic
diagram and wiring diagram for a bell controlled by two push
buttons. The bell will ring if either of the two push buttons is
pressed. There are separate supplies for the relay circuit and the
bell circuit. Complete the schematic and wiring diagram.

—
- k. “I'I'I'»J .

Fig, 23.65
+ T £ I
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T
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(a) Schematic Diagram I

(b) Wiring Diagram
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2. The drawing below shows the incomplete schematic ang

Mmomentarily pressed. The bell should stop ringing after pressing
the OFF push button. , -

Push buttons 1 and 2 are to be use

in the buys. By pressing any of the push buttons meant for the
Passengers, it is possible to switch off the green light and switch on
the red light. On such ; di i

your diagram. (Follows the fig. of Question No_ 5)

5. The figure below shows the schematic representation of 4
relay circuit drawn incomplete, This circuit is often used in buses,
Push button 1, 2 are to be used by the Passengers. Push button ‘t’ is
Wwith the conductor. The driver will drive the bus on green signal.
By pressing one of the push buttons meant for the Passengers, the
green signal can be switched off and the red signal can be switched

A
a,/ 8

GR RD

Fig. 23.67
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on. By pressing the push button ‘t’ the conductor can reset the lights

to give green signal. Complete the schematic diagram for the control
circuit.

6. The incomplete diagram below shows a bus driver’s indicat-
ing lamp control. The push buttons, relay and signal lamps have
been shown. Complete the connections of this diagram so that the
following conditions are fulfilled.

BRI

o
! o]
1 2 3 4 9y =
' ., 6 @ )
i )
bl Cy <]

AElj eqj C[F g?%

Fig. 23.68

The bus consists of a main bus and a trailer (A trailer is an
additional compartment coupled to the main bus to carry more
passengers). There is one conductor each in the main bus and in the
trailer. The passengers can give to the driver a red signal for
stopping the bus by pressing push buttons 1 to 4. The driver must
get a green signal before he may start again. The circuit design must
ensure that the green signal comes only when the conductor of the
main bus has pressed button 5 as well as the conductor of the trailer
has pressed button 6 simultaneously.

Also find out the mistake in the electrical symbols used here
and place correct symbols in the diagram you prepare.

7. Draw the schematic diagram and wiring diagram for a bell
circuit such that the bell will continue ringing by pressing a push
button but would stop when NC push is pressed.

8. A medical doctor has two bells in his residence, both to be
controlled from a single push button located in verandah. During
day time a bell in drawing room is used. During night time a bell in
bed room is used. The bell in bed room to be used at night is relay
operated, such that the bell will continue ringing till the doctor
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9. The diagram be]
buttons. The bell should ring by Pressing either of the three pusk
buttons. There is a separate Supply to the bell and relay. Complet

the schematic ang wiring diagram_

)
o
38

(a) Schematic Diagram (b) Wiring Diagram
Fig. 23.69.

iC. The drawing shows the schematic diagram and wiring
diagram of g relay operateqd bell circuit. The bell wil] continue
ringing after the push button ‘K has been momentarily presseq
because the contact ‘a’ of the relay ‘A’ will act as a holq on contact.
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Fig. 23.70. Wiring Diagram.
definite interval of time. The amount of time lag can be increased

or decreased with the help of an adjusting screw provided in each ‘

T.D.R.

T.D.R. Circuit No. 2. Draw the schematic and wiring
diagram of the traffic light for the crossing of two roads. One red
lamps and one green light will be installed on each side i.e. two red
lamps and two green lamps on the two roads at the crossing will
glow at a time. When the red lamps on one road are ON to the stop

RCAD 2
QO|rs
RG] @63
R ®
ROAD -1 ROAD 1
S
A& R: G,
6@
ROAD 2

Fig. 23.71
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the traffic, the green lamps on the other roads should also be ON to
allow the traffic to cross. Draw the circuit using T.D.R.

PN - —— —g= — ———)
T t T

T T 1
1 ! . y !

| 1 1

) ] 1 ' '

1 ' = ' ' ' ]

! ] J ' . '

| . ]

Ri G Ru ©4
Fig. 23.72

The red and green lights are for giving particular signal to the
traffic. When the traffic is allowed to cross along road (1) giving
green signal the traffic along road (2) should be made to stop by
glowing red signal lamps and vice versa. Iftraffic is allowed to move
along road (1) the R and R3 should be on and G2 and G4 should also
be ON. :

THE USE OF INDICATORS IN VARIOUS CIRCUITS

Indicators are designed primarily for service signals. The
indicator systems are installed for the purpose of having all calls
terminate at a central location. It is impracticable to have more than
two or three bells located at one point, because it results in con-
fusion, even though they may have gongs of different tones. For this
reason, adevice, known as an indicators is used to indicate by visual
means, the signals that are transmitted over electric call bell cir-
cuits. The indicators are used mostly in hospitals, hotels, offices,
residences and the places where call bell service is required.

There are different types ofindicators which are distinguished
from one another by the form of the indicating device. The most
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commonly types used are :

(a) Gravity drop (hand operated reset and electric automatic
reset types).

(b) Needle or arrow drop.
(c) Electric drop.

{d) Lamp indicators.

(a) Gravity drop signal. The Fig. (23.73 a and b) shows
gravity drop indicator. It consists of relay, armature with claw and
shutter comprising number on it. By pressing a push button, when
the circuit is completed, therelay coil is energised and iron core lying
in it is magnetised. It attracts the armature pivoted at one point.
When the armature is attracted by the electromagnet, it is pressed.
downward. Since it is angular in shape and pivoted at one point, the
other side of it will move outward forming a dotted shape as shown
in the sketch above. The claw C then takes the position of C’ thereby
releasing the shutter pivoted at P allowing it to drop by gravity to

- Push
buttor (g

n illl M;‘

Battery

X h ' MPivot
I
1 Gravity drop
€ shutter

Bell

[ I ’
]I! E R;ens:t; O
] —[ [ Battery
i l—=

(b)
Fig. 23.73
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The number of electromagnets and other equipment will be equal
to the number of drops required in the indicators. ; '

The drawing below shows another type of indicator with
gravity drop. Its consists of bell, reset rack push button, electrom ag-
nets, shutter, armature and a drop which is used to exhibit the

== = = (= 4
e +
P =
—- Battery

L £ ==

.: |
‘ 1 2 3 F—Resef
tank

\Shutterss
Fig. 23.74

The basic principal of almost a]] indicators is the same. The
push buttons and electromagnets may be increased or decreased to
any number. '

indicator ag possible because, bel] will attract the attention by
gudible sound and needle js to be seen for indication of room number
etc. The indicator consists of a hand, or arrow, which is rigidly
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in position by means of a notched armature. When the electromag-

net becomes energised, the armature is attracted causing the lever
to be released and to fall upon a supporting pin on the reset rack.

As the arm falls, the arrow is rotated upward so that it points

towards the number from where the call has come. To return the

drop to its original position, the reset handle is forced up, which in

turn causes the supporting pin to raise the lever and to turn the
arrow downward. -

(c) Electric Reset Drop. The electric reset drop has the
advantage over the two types previously mentioned such that the
drops may be reset individually or collectively either at the indicator
at a distant point or both or it may be arranged for automatic reset.

In this case, the last drop operated remains in sight until another
call in sent in.

Fig. 23.75. Needle Drop Indicator.
(d)Lamp Indicators. The lamp indicator makes use of signal
lamps instead of drops. When the push button may be pressed, the
desired lamp may be illuminated and by pushing a reset pushbutton

at the indicator or at any convenient location the lamp may be
extinguished.

EXAMPLES ON INDICATOR WIRING
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Indicator and Bell system combined. As shown above,
there are two push buttons for twoelectric bells apart from indicator
push buttons. The elzctric bells may be placed somewhere else and
the indicater at the rooin from where calls are to be attended.

INDICATOR

INDICATGR — [T L,ZJ 3| |4

sm————

{;3 ia ig s e

8-POINT
LEVER SWITCH
f e
o =
_*Nll, 17 Ipl Ip'5 A

Controlling either of the two indicators with a lever
switch. As above, one or the other indicator can be thrown into
service. An eight point lever switch is used. Any one of the push
buttons when placed on a closed circuit will operate a correspond-
ingly numbered drop in that indicator. If the lever switch is

oparated, and the same push button is pressed, the otl.e: indicator
will be affected. '

Fig. 23.77

Return call indicator system. As shown above, the in-
dicator and lower set of push buttons ;e Ps, Ps, P7 and Pg are
installed at a central point. The other ¢~ 72sh buttons and four
bells constituting four sets of one bell and one push button each are
located at different places in the building. The push button at the
central point may call its correspondingly numbered station in a

73
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different part of the building by Pressing a push button ringing'a
bell which in turn presses a push button for operation of indiactor
and itsbell. The correspondingly numbered flagon the indicator will
fall giving visual indication for having received the call.

When Py is pressed, the flag No. 1 on the indicator will fall and
its bell Bs will ring. In return, the message for having received the
call can be conveyed by pressing Ps for which, the bell B installed
near Py will ring. It can be used for conveying or receiving the signal.

From practical point of view, the circuit is simple, easy to maintain,
economical and also very useful.

The diagram (Fig. 23.79) provides answer to the problem given
below. A hotel has four rooms on each of its first and second floors.
For calling the room service, a bell cum indicating circuit is to be
designed. A panel on each floor is to be provided with one bell and
four indicating flags. A third panel is also provided on the ground
floor where the room service check office is lacated. This third panel

has one bell and two flags i.e. one flag for each floor to observe that
the calls are answered.
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. When acallis given from any of the rooms by pressing a push
button, the bell placed on the respective floor and the check office *
should ring simultaneously, at same time room indicating flags on

the panel of the respective floor and the floor indicating panel in the
check office panel should fall.

Master and Sub-Indicator System. The Fig. 23.80 above
shows another type of indicator for room service for three storey
building. This may be used for practically the same purpose as that
in the last diagram but instead of indicating only fleor number on
the lower or master indicator it shows all the room numbers of the
above floors on the sub-indicators. One sub-indicator of indicator
installed on each floor, only the room numbers on their respective
floors are registered. For example, when push button 1is operated,
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flag 1 on the sub-indicator of the same floor operates and flag 1 on
the master indicator at the central location also operates. Only one
sources of supply is used to operate the system. Indicators designed
for parallel operation have been used to insure proper operation. A
tie or common,wire is connected between all indicators.

Example. 1. Draw the wiring diagram, schematic diagram
and single line diagram of an indicator circuit which should fulfill
the following conditions.

There are five push buttons provided in five different rooms of
a hospital. Indicators with five relays provided with indicating flag
are installed in nurse’s room. When a push button is pressed, the
relay is energised and flag falls giving a visual indication that it has
been operated. The nurse called upon then knows from which room
the call is given. The indicating flag is reset manually by operating
a knob.

Solution. As already stated, the indicators are designed
primarily for service signals and they indicate calls from various
rooms and points within the same building. The schemati¢ diagram
is given below and wiring diagram is also given. When any of the

TSy

Fig. 23.81

five push button (installed in five.different rooms) is pressed, a
relay of that number on the indicator operates causing the release
of a shutter to drop. The shutter thus dropped will show in the
window-of the indicator a particular number written on the drop.
The bell also rings for cxtra attention of the person called for. A
re-set knob is used to reset the dropped shutter manually after
attending to the call, so as to be repeated again by that person as
and when be desires.
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Fig. 23.82 (a) Wiring Diagram Indicator Circuits.
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Fig. 23.82 (b) Single Line Representation. .
Exampie. 2. There are five push buttons provided in five
different rooms of a hotel. The indicator having relays provided with
indicating flags is installed in attendant’s room. When any of the
push buttons is pressed, the relay is energised and the flag falls
giving a visual indication that it has been operated. The person
called upen thus knows which room he has to attend. There is
another push button near the indicator to reset the indicating flag
automatically with the help of relay to allow the call to be repeated

again. Draw the wiring diagram and schematic diagram.

Solution. The circuit is very similar to the previous indicator
circuit except the difference that the indicating reset rack is relay

operated. The indicating flagis reset back by Pressing a push button
‘T’ automatically. '

Fig. 23.83
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The bell and relays are provided in series. The indicator is
installed in attendant’s room. As and when a push butten is pressed,
the relay is energised and lndxcatmg flag or shutter falls giving
visual indicaticn to the attendant. A shutter or indicating flag is
reset back by pressing a push button “T" automatically with the help

of relay.
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Fig. 23.84

Example. 3. A hotel has four rooms on each of its first and
second floor. For calling room service, a bell cum indicating circuit
is to be designed. A panel on each floor is to be provided with one bell
and four indicating flags. A third panel is also provided on the
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grouﬁd floor where the "rPam service check office is loé&:f;ed,rfl*hié third
panel has one bell and two flags i.e. one flag for each floor to observe
that the calls are answered.

When a call is given from any of the rooms by pressing a push
button, the bell placed on the respective floors and at the check office
should ring simultaneously, at the same time room indicating flags
on the panel of the respective floors and the floor indicating panel in
the check office panel should fall. -

A push button each on the panel of first and second floors is to
be provided which when pressed should reset simultaneously the
room indicating flag on the floor panel and the floor indicating flag
in the ground floor panel. Draw the schematic and wiring diagram
of the circuit. '



