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FORFWORD.

(1)
al Oommxttees on which all the Natlunal ccmmmtbees
.l in terest therein are represented, express, as nearly
an international consensus ¢f opinion on the subjects

Prepared by T
0

o)

©

They have the form of recommendations for international use and they

are acaePted by the Natlonal Committees in that sense,

P

(3) In ovder to promote this international unification, the IEC expresses
the wish that all National Committees having as yet no national
rules, when Preparing such vules, should use the IEC reoommendqt OiS

co tho for these rules in so fap 1onal

condltions

andaneatal haosis
* L

will mit,

XY

per

o

(4)

e des

’ @

rability is recognized of extending in
by these matbers through an endeavour to hapms
izaticn rules with these
Hitions will permit.
towards that end.

§§menﬁ
tandard-

1 con-
ofluence

sl
56

Del@gates fwom CW@lVb nats frests in marine gpplica-

tions

ded that an internatig

nal

set of regqlatlonb tallations in ships would
be an| advantage t0 o They fixed on the
order dealt with as ¢«

X

Cormi

Technical
ariat,

Kingdom was asked to appoint the Chalrman of
d the Netherlands was entrusted with the Secrvel

Eight sub-commitbees were appointed and a further meeting was
held in London in June 193G, Some progress had been made in the prepPara-
tion of dralt regulations when the work was interrupted by the Second
World War.,

At a meeting held in London in July 1948 immediately following the
1948 Comver%ion ot Safety of Life at Sea, 1t was resolved to make a fresh
start and ten sub-gommitiees, each based on a National Commltitee, were
appointed to Prepars breliminary drafis, These were subseguently combined
by a Co-ordirating and Editing Committee into a first comprehensive draft
of 25 chapters, Thus no further plenary session was held until the
Jubilee IEQ meeting at Philadelphia in September 1954, when comments which
had been submitted by Naﬁional Committees on the first comprehensive draft
were consldered,

-l


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

in August 1955 for approval under the Six Months' Rule.

It was then resolved that the decisions then taken should be
embodied in a second draft and that in view of the length of time which
had elapsed it was highly  desirable to publish a lst edition and to
continue in the meantime with the consideration of matters still un-
resolved with a view to a 2nd edition.

The second draft was accordingly circulated to National Committees

The following

16 countries voted in favour of publication but in every case, except one,
comments were submitted.

accepPtlance of those which dealt with tec
In the| meantime the Committee had met at Th‘
had agreed certain amendments and had
in thel lst edition.
These matters were agcedrding vomitted to National Comy
under ' Procedure a swing countries voted

explicli

X

the vd
Chairn
the s

Australias Italy Union of South Africa
Austria Japan Union of Soviet Socialist
Belgium Netherlands Republics T~
Denmark Norway United Kingddm
France Sweden United Stade ilca
German Federal Yugoslaw

Republic
Against approval : Nil

ti

QiiéieA

Sweden

Union of South Africa

Union of Soviet Social
Republics

United Kingdom

United States of Ameri

Yugoslavia

s of a purely'editorial nature which were sub
The remainder have, on the Authorif
ical Committee No., 18, been withheld for considerj

ed the

slencies.

and
odied

ittees

ist

ca

iitted with

y of the
tion for

oond o3d3i+tion

alu
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INTRODUCTION

The operating conditions in ships salling the seven seas as
far as they affect electrical appliances are the same regardless of where
the ship is built. Except Tor variations in quality the materials used
in the construction of electrical appliances are similar and are subject
to the same natural laws, The characteristics of electric circuits and
the behaviour of appliances are likewise predeterminable and follow the
same fundamental laws irrespective of the country of origin, It is ace-
ordingly feasible to establish international standards to secure that
degree of performance, reliability and safety which are essential for the
well-being of crews and passengers alike and for the safe carriage of
valuable cargoes,

It is for the fulfilment of these ends that the Present recomm-
endatlions have been formulated, Shipbuilders, electr b hors
and manufacturers engaged in the building of ships fo htional
market are faced at present with several codes of ) j lations

with|which to comply although as already stated % q service
are hLdentical. It is recognized that apparatu§ manul < various
countries will inevitably differ in appearangé\arxi neeptl for the
same| duties similar apparatus and materials wi n g 1o meet
the pame service condltmnso This code Lhexefv et ed in the

e for the
¢ -evelopment of his
far as they are sultable.

form| of "recommendations'
manufacturer to use his initlative in
Prod

\ tween subcommittees pn a
Natipnal basis with instruet;ons to p~epa e thelr drafts as far as pract-

icab Ne tion bandards and the published re-
quire ' L . g
. larchitect,
the 1, % OWNeT des ignew and installer of the electrical
installat @ v rom the earliest stages right through to com-
pletjion to at all services required of the elegtrical
appliances are med but “thed \groper and sultable space and accommodation is
Provii tad
vsended Lo exclude new materials, applianced or methods

or to

4

too strongly emphasized that good technicdl design,
the . paratus, good and sultable materials and, above all,
good| workmansiip are essential for a sound installation, The rgqcommendat-
ions—=Ere ot imterded—to—take—the Piave oo dstatied—spevifization or to
instruct untrained persons.

NOTE 1:- As some problems could not be resclved satisfactorily without in-
volving considerable delay this first edition has been published embodying
the matters on which agreement has been reached.

It is intended to proceed immediately with outstanding items which will be
embodied in due course in the second edition.

NOTE 2:= All dimensions in these Recommendations are, in the first Place,
given in metric units; figures In brackets in British and American units
are not exact numerical equivalents of the metric quantities, but are the
nearest dimensions in practical use in the respective countries.

= Bes
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CHAPTER 1
DEFINITIONS

NOTE: The following definitions indicate the sense in which the express-
ions defined are used in this International Code, All other
expressions are used in the sense defined in IEC Publication No.50
"Tnternational Electrotechnical Vocabulary"

GENERAL
1.01 - Accommodation spaces, Accommodation spaces are those used for

public spaces, corridors, lavatories, cabins, offices, crew quarters,
barber shops, isolated pantries and lockers, and similar spaces.,

1.02 - Appropriate authority. A governmental body or a classification
society with whose rules a ship is required to comply. T~

1,07 - Bond. To connect together non-current=carryi as the
armofir or lead sheath of ceonsecutive or adjacent lerigi or the

metall plates, for example, comprising the walls etey of
recefiving room in order to ensure continuity ofelect tion or
to efpualize the potential between the parts cence

1.04| - Cargo spaces, Cargo spaces are a
(incfuding cargo oil-tanks) and trunks A

1,05] = Dangerous spaces in tankers, are all
those where inflammable or &€xplosive' v ou o2 . e eX=
prectpd to accumulate,

- cargo oil tanks
-~ cofferdams

1. 06 1/%60 of a complete electrical cycle,

g;}\;? poles of an alternator, the number of elgctrical
revolution is P/2, so that 360 mechanical degnees
o P/2 x 360 electrical degrees, or one mechanjcal

NOTEs

acmsanaed

1, 07l Diversity factor (Demand factor), The ratio of the estimdted conw
sumption of a group of power-consuming appliances under their normal
working conditions to the sum of their normal ratings.

1,08 -~ Insulation, double, A portable appliance which is partially or
wholly metal-clad is said to have double insulation when every live part,
besides being mounted upon or surrounded by a suitable insulation

support with adequate creepage path, 1s so separated from the external
casing by means of insulating material or adequate spacing that no live

part can be touched,no accessible metal part can become live in the event of
failure of the said insulating support.

1,00 = Iive conductor or circuit. A conductor or circuit electrically
connected to a source of potential difference between it and earth.

e
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1,10 =~ Machinery spaces, Machinery spaces include all spaces used for
propelling, auxiliary or refrigeration machinery, boilers, pumps, work-
shops, generators, ventilating and air-conditioning machinery, oil-
filling stations and similar spaces, and trunks to such spaces,

1.1l - Prospective current,. The r.m.s. value of the alternating
component of an alternating current, or the value of the direct current
which would flow in a circult, on the occurrence of a short-circuit
immediately on the supply side of the fuse or other protective device,
under given voltage conditions and supply network conditions.

1.12 « Public spaces. Public spaces are those portions of the accome
modation which are used for halls, dining-rooms, lounges;/ggg similar

Permgnentiyr—enelosed——Spaeess

1,13 = Sea-going shib. Any ship not exclusively emploxed in the
navigation of rivers or inland waters.

1.14| - Service spaces. Service spaces are L main
pantpies, stores (except isolated pantries specie
roomg, and similar spaces and trunks to s

1.15[ - Services, essential, Services efsse ife,

and to the navigation and propulsio

1,16| - Tanker. A cargo ship\const i for the

carrfiage in bulk of liquid cargoes\hs : P bst) of
65 °C or less.

1.17| - Voltage, exfra low.
not hormally exceed 30\yolts

systems in which the voltage does
or 50 volts d.c.

1,18 device,dother than a lighting fitting (see|Clause
1.64 i i wring and current-using abpliances of an

inst a switch, a fuse, a plug, a socket-ouglet, a
lamp

4 CABLES
1.19 ables are said to be bunched when two or more ape con-
tain i single conduit, duct or groove, or, if not enclospd, are

not peparated from each other.

1,20 - Cable, A length of insulated single conductor (solid or stranded),
or of two or more such conductors, each provided with its own insulation,
which are laid up together, The insulated conductor or conductors may
or may not be provided with an overall mechanical protective covering,

1,21 - Core (of a cable). The conductor with its insulation but not
including any mechanical protective covering.
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1.22 - Earthecontinuity conductor, The wire, cable, or other conductor
connecting to each other or to the earthing-lead (see Clause 1,23) those
parts which have to be earthed, It may be in whole orTin part the
metal conduit or the metal sheath of the cables, or the special con-
tinuity wire of a cable or flexible cord incorporating such a wire,

1.2% = Barthing-lead, The conductor by which the connection is made to
the hull of the ship.

1,24 ~ Flexible cable, A cable containing one or more cores each formed
of a group of wires, The diameters of the cores and of the wires being
sufficiently small to afford flexibility.

125 - Flexible cord, A flexible cable in which the cross-sectional
aroa|of each conductbor does not exceed 4 mm@ (or 0,007 AhZ),

1,26 |« Length of lay. The axial length of one compl
formed by the core, in the case of a cable, or of~the
of a|stranded conductor,

e \turnloR the helix
i in * case

DISTRIBUTION

1,27 |- Branch circuit. A branch circuiil ig t X . ing
system extending beyond the final au :
devige of the circuit.

1,28 |- Earthed (U,S. Grounded). the
hull [of the ship in such a mar

immed

NOTE{

1.29 the

hull|of Tpe<§g
130 |- Hﬁii\\ tUrn, use of the hull or other permanently~earthed
duct dhe

strgg \§k1 current on one pole of the system,
(See

1%L |~ Po nt (ip wiring). Any termination of the fixed wiring intended
for thelattachient of a lighting fitting or of a device for conneg¢ting
to tf - TICS,

1.32 -~ Systems of distribution.

(a) Hull-return system., A system in which insulated conductors are

© provided for connection to one pole of the supply, the hull of

the ship or other permanently-earthed structure being used for
effecting connections to the other pole.

(b) 2-wWire system. A d.c. or single-phase a.c. system comprising
two conductors only, between which the load is connected.

@6-&
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(e¢) 3-wire system, A d.c., or single-phase a.c, system comprising
two conductors and a middle or neutral wire, the supply being
taken from the two outer conductors at full volitage or from the
middle wire and either outer conductor, the middle wire carry-
ing only the difference=current and being usually connected to
earth,

(d) 3-phase 3-wire system. A system comprising three conductors
connected to a 3-phase supply.

(e} 3-phase d-wire system. A system comprising four conductors, of
whieh three are connected to a three-phase supply and the fourth
to a neutral point in the sources of supply,

ENCLOSURES L~

1.%3 (= Drip-proof apparatus., Apparatus which is so cofis
when |it is inclined in any direction at an angle not' e
any drop of ligquid or a solid particle falling veritirall
the gpparatus either directly or by striking and rubming
Surfjcea

1,34 |= Flameproof enclosure, An enclosure Tt
whicg will withstand an internal explosion ;

e enclosure
the internal flame
bl 1t is designed,

vapour which may enter or which may o
without suffering damage and withoulk
to the external inflammable {gas\or
throygh any Jjolnts or structural wpen

NOTE|l: ‘The term "flamep 16 synohymoys with the term "explgsion-

NOTE|(2: A fle j NReY-F i ccordance with the foregoing
géfiy ion Wikl necessarily or ordinarily be watertight,

e
1,35|=~ ImmerSible apparatus(submersible apparatus). Apparatus s

constructed \that it \will opérate successfully when submerged in wIter
undey spec d eonditions of pressure and time,
eright

l,E%ZC?\&i paratus., Apparatus having all live parts enclosed
by al|coveror\covers so constructed as to exclude water under pregcribed
conditions (see\ Clause 3.13).

nelosed

1, 37 b—Wentherproofeapparatus,—Apparabus—baving all 1Tive parts
by a cover or covers so constructed as to exclude rain, snow and
external splashings.

MACHINES

1,38 - Generator, Stabilized shunt-wound. A d.c., generator in which
the field excitation is derived from a winding connected in parallel
with the armature circuit and from a series winding of such proportion
that equalizers are not required when the generator operates in
Parallel with similar generators.

1.39 = QGenerator, Service, A generator, which may be an emergency
generator, primarily intended to supply the ship's service system.

T
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MATERIALS

1,40 = Non-inflammable material. Material which, when tested in a
prescribed manner, does not glow or carey flame and is neither charred
nor scorched in excess of the permitted amount.

1,41 - Flame retarding material, Flame retarding materials and structures
have such Tire-resisting properties that they will not convey flame or
continue to burn for longer times than specified in the appropriate flame
test,

1,42 - Tncombustible material, Material which neither burns nor gives
off inflammable wvapours in sufficient quantity to ignite at a pilot
flame when heated to approximately 750 ©C, Any other msterial 1s a
"oombustible material®.

RADIO

1,473 - Radio direction-finding, Radiolocation in whi
dirdetion of a station 1s determined by means of b

1. 44 « Radioereceiving room, A room in whie
carpied out for the purpose of the operabion
communication and radionavigation servis

adioe-

ion

1.49 - Radiolocation. Determinatiod of

Profger

1.44 -
incl

ange o8 An assemblage of Hartis
other %Nerload«proteetive deviced)

arryg trical energy to final sube-

eirg

1,47 wf tribution Panel). A switchboard fogr cone
'Uval’;*

@fﬁfiziﬁrical energy to other section boards,
AN

dist {ces normally consuming more than 16 gmperes.
A sdo

emeng

4
1. 48 o : se, A unit e@mprising a switch and one or mgre
fusqs, Ehe\fffsb n@t being carried on the moving part of the swiich,

1. 49 > 8uwiteh Isolating A switeh for making and breaking, none

automatically, a circult, when it is not on load,

1,50 - Switchboard, The assewbly of switchgear with or without instru-
ments designed to operate and control electrical circuits,

1,51 = Switchboard, Dead-front, A switchbeard having no exposed
live parts,

1,52 - Switechboard, Open~type., A switchboard in which the current-
carrying parts of the switchgear are not provided with protecting covers,

1.5% -« Switchgear., A general term applicable to apparatus for the
operation, regulation and control of electrical installations,

8-
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FUSES

1,54 - Fuse, A device which, by the fusion of one or more of its
specially designed and proportioned components, opens the circult in
which it is inserted when the current through it exceeds a certain
value Tor a sufficient time, The fuse comprises all the parts that
form the complete device,

1.55 - PFuse, Filled, A fuse in which the are is extinguished in a
powdered, gramilar or fibrous substance.

1,56 -~ Fuse, Indicating. A fuse which incorporates a device to indicate
that the fuse has opened the circuit.

1,57 = Fuse, Non-interchangeable., A fuse so designed and proportioned
as to accept only a fuse-link of a predetermined type of a rated current
not exceeding a certain value and provided with a means to make it
impossible for the user accidentally to insert a fuse-link—of any higher
rated current.

1,58| -~ Fuse with enclosed element., (Commonly knowndas e)e

A fufe in which the fuse-element is totally enclg ! ;§
that|at the time of operation it cannot produce any & terna e bt

harmful to Persons or objects in the immediate vigciniitRwh perates
within its rated breaking capacity.

1,59| = Fuse with semi-enclosed element,
enclpsed fuse),
A fupe in which the developmen 2 PG 3 the
ejection of flame or metal f§ bieX 4 3 e i 50
controlled as to limit dange: ~

¥

1.60| - Fuse-1link,
the fuse has opera e and
which comprises t vEoan ve) ch is
capaple of beinpk cohpecte S s or
otheprwise of enga Tl

after

1,61 = Fus nky, Captrideges. 7 (Abbreviation: Cartridge).
A fupe-link hé4vi i tifhg enclosure, usually cylindrical, [provided
at its end i metal contacts, the shape of which varies according

e

to the type\of

o

1,62 i switch the moving part of which carries one or
mor fdééii Se (See also Switch-and~-fuse).

LAMPS, LIGHTING

l 63 .2 2 _ 1, - N - n _.‘_. :. 0
hermetically sealed bulb or tube oontaining gas and/or metal intended to
be vaporized during operation, and fitted with electrodes between which
& discharge of electricity takes place, the useful light being emitted
from, and/or excited by, the discharge through the gas or vapour.,

1.64 - Pitting, Lighting, A device for supporting or containing a
lamp or lamps, together with any holder, shade or reflector.

2 00 o 10 0 o
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CHAPTER 2

GRAPHICAL SYMBOLS

2,01 - I,E.C, Publications Nos, 35 and 42, Graphical symbols for the
representation of electrical installations on shipboard should be in
accordance with those given in I.E.C., Publication No., 35 "Graphical
symbols for heavy current systems”, and Publication No. 42 "Graphical
symbols for weak current systems",

2,02 - Additional graphical symbols. Additional symbols used should be
based as far as possible on airouit elements depicted in Publlcations
Nos, 35 ¢ Wb ] B ' 5 Or
squares containing letﬁers or numbe&s referring to an

table is recommended,

NOTEE "Heavy current systems® refer to power and

systems,

ot o) O s 0y 3

=10
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CHAPTER

GENERAL REQUIREMENTS AND CONDITIONS

NOTE: This chapter contains conditions and requirements which :
(a) are common to all apparatus and installations, or

(b) are primarily the concern of the shipbuilder or
installation contractor.

GENERAL

%, 01 - Workmanship, Good workmanship is an essential requirement for
compliance with this code.

%,02| = Applicability of the code to a.c, and d.c, g \ a
speclific statement is made to ‘the contrary, all recomhendatiensmpde in
the present code are equally applicable to a.c. and tal §§onso
%, 03| = Acceptance of substitutes or alternatives. 2 Code
any precial type of appliance, construction o

specfified the use of any other appliance, construciic ment
is afimissible provided it is not less effectivera ' p

3,04| - Provision for maximum load. Al nduetors, switchgear, and
accegsories, should be of s : e of carrying,| without
theip respective ratings be m current which can

normplly flow through them.

%.05 -~ Addition to an installation, ition, temporary or permanent,
shoulld not be mad loadvof an existing installaftion
untifl it has been def i that the current-carrying
capapity and the\condi exigting accessories, conductons,

switchgear, etc,, te e adequate for the increased load.

3,00 « Amﬁg;;%ﬁq andcoolingewater temperatures. For the purpgse of
this

(a)

Pt
mactines) located in machinery spaces (engine rooms - Holler
TOOms), and ior all equipmen cate N galleys,
weather decks,

Ambient air temperature of 50
machinery spaces.

%¢ for machineslocated in

3. Ambient air teﬁberature of 40°C for equipment located in all
other spaces.

(b) Por vessels such as coasters, ferries and harbour craft intended
solely for use in Northern or Southern waters outside the tropical
belt an ambient air temperature of 40°C and a temperature of
primary cooling-water supbply of 25°C,

(e) Where adverse and unusual ambilents are expected to exist, special
consideration should be given,

1le
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NOTE: In the above clause the term "ambient air" refers to the air
responsible for dissipating the heat losses from the equipment
or cables concerned.

This ambient air may be in the case of a ventilated machine the
air drawn in by the cooling vent or in the case of cables the
comparatively still air surrounding the cables.,

DESIGN OF EQUIPMENT

%.07. = Construction. In general all electrical equipment should be
constructed of durable, flame-retarding, non=hygroscoplc materials
which are not subject to deterioration in the atmospheres and at the
temperatures to which it is likely to be exposed.

3,08

diffdrent potentlal and between live parts and the cageé of oth

earth dte for
the Working voltage under the conditions of install i1 be
not 1

authgrity.
Any parts of the case in proximity to the arg
circyit=breakers or other contacts liable
re=-wilrable fuses of non-filled type, shou
insullating material,

3,09 [~ Insulation. Insulatirig\mate {t}u ated windings should
be rdsistant to moisture, sea-airx il. vapour lLnless special
precgutions are taken to protedsd insnl gainst such agencies,

2,10 ; i yuboment should provide for

acceg

%.11 |- Enclosur s _for electrical equipment, Jungtion-
boxesg, J ba _of adequate mechanical strength

and figidi ts and to prevent distortion under

all likely ¢

3,12 ble’ glands or bushings, or fittings for
screwWed be provided according to the way in which|the
cablgs Enclosures of drip-=proof apparatus

shou 0 ye.'cable~entries on the top, unless the cable-~entry plate

ent is s8¢ made as to execlude water,

and/gr cables

j@;}ii\;;zérti t apparatus. Watertight apparatus is totally enclosed
appanatus so constructed that leakage to the interior does not oc¢ur when
a stream of water from a hose not less than 25 mm (or 1 in.) in diameter,
under a head of 4 - 10 m (or 13 - 35 ft) is played on the apparatus

from any direction for a pericd of 15 minutes from a distance of 2 m

( or 6 ft) for a head of 4 m (or 13 ft), or 3 m (or 10 ft) for a head of
10 m (or 33 f+t), or a proportionate distance for intermediate values of
head, Nevertheless for rotating machines leakage which may ocecur round
the shaft is considered admissible provided water is prevented from
entering the ¢il reservoir and provision is made for automatic drainage,
During the test the hose nozzle should be adjusted to give as far as
Practicable a solid stream at the enclosure, The apparatus should be
provided with a check valve for drainage or a tapped hole at the lowest
part of the frame which will serve for the application of a drain pipe
or drain plug.

=] Do
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INSTALLATION LOCATION AND FROJECTION OF EQUIPMENT

3,14 -~ Position in ship, Compartments in which electrical apparatus is
Placed should be well ventilated, Except where the installation of
flameproof apparatus is permitted in this code, electrical apparatus
should not be installed where inflammable gases are liable to
accumulate.

3,15 - Compartments. Compartments in which engine-driven generating
sets are Placed should be constructed of metal of other incombustible
material, Compartments or cupboards containing switechboards should
be constructed of or lined with incombustible material.

3,16 « Mechanical protection, FElectrical equipment should be so placed
that as far as practicable it is not exposed to risk of mechanical
injupy. :

3. L7 = Protection from water, steam and oil, 4
shoulld be so selected and located that it is una‘ﬁe'tem
steapm, oil and oil fumes to which it is likely ¢

3,18 -~ Protection from drip. Where necessafs
equipment should be provided with a canopy o
protect the currenit-carrying parts and /thei:

5,19 = Protection against elethlg[éggé‘ e the voltage to darth
exceeds or can exceed unde 7 d.c. Or 150 V [a.c.
all plectrical equipment should d b at live parts cgnnot
inadvertently be touched, u o1y ‘ruetian is such as to render
thig precaution unnecessary.

3,20 = Axes of roﬁQEEQ:

d
Preflerably be i‘ ion,
Wherie a mach1n~ at the
desil
sati To
The on
athwa

B 21 = sb vibwdtion and mechanical bh@bka Serews
cked

atus

aee—For—mattene abrte B yehd installed
that sufficient space is available far maintenanoeg fov example, it
should be possible to remove the armature or rotor of a rotating machine.

3,25 = AdJjacent material, Unprotected woodwork or readily combustible
material should not be placed within 30 cm (or 12 in.) measured
horizontally, or 120 em (or 4 ft.) measured vertically, from any openh-
type electrical apparatus,

%, 24 = Handrails, Open-type machines, open~type switchboards or open=
type control gear should be provided with handrails where these are
necessary to obviate risk of injury to persons,

=13
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2,25 = Inclination of ship, Machines and apparatus should operate

satisfactorily under all conditions with the ship at the following

inclinations from the normal :

Transversely : 159 Rolling: up to 22° 30!

Longitudinallys: 10° or gor ships of length exceeding 150 m {or 500 ft.)
g 5%,

Emergency units should in addition operate satisfactorily with the ship

at a permanent list up to 30°,

%, 26 - Magnetic compasses. Conductors and equipment should be placed at
such a distance from the compass or should be so screened that the
interfering external magnetic field is negligible (deviation less than
0.5%), even when circuits are switched on and off.

/N

501 ous o O G v

w1l
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CHAPTER 4

EARTHING OF NON-CURRENT-CARRYING PARTS

4,01 - Parts for which earthing is recommerxied, Unless specifically
exempted in the following exemptions (i) - (vii) all metal of the
electrical installation, other than current-carrying parts, should be
earthed.

Exemptions.

(i) Lamp caps.

(i1) Shades, reflectors, and guards, supported on lampholders
or lighting fittings of non-conducting material,

(i1i)

(1v)
definition, Chapter 1),
conform with recognized

(v)

(vi)
(vii)

installatieoh
installati )

nmected

1 and should be securely installed and
The nominal cross-~sectional area of

ction+r ; o—£h : etds no
current should be of the mlnimum crOSSwsectional area given in (a), (b)
or (c) below, as appropriate,

(a) Every bare copper earthing~-lead should be of the same
cross-sectional area as the associated current=carrying
conduetors, subject to a minimum of 1.5 mm@ (or 0,0023
in2),

Where, however, the cross-sectional area of the associated
current-carrying conductors exceeds 6 mm? (or 0,01 in2),
the crossmsectignal area of the copper earthing-lead need
not exceed 4 mm® (or 0.007 in2) per 50 A normal current
flowing in the associated current-carrying conductors.
In no circumstanoes need the size of the copper earthing-
lead exceed 64 mm€ (or 0.1 in2),

=15
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(b) Every insulated copper earth-continuity conductor which
forms part of a multi-core cable or is a cable similar
to the associated current-carrying cable or cables,
should have a nominal cross-sectional area equal to
that of the associated current-carrying conductors.

(c) Metal of portable appliances other than current-carrying
parts and parts exempted in Clause 4,01 should be
earthed by means of an earth-continuity conductor in
the flexible cable or cord, which complies with (b) above,
and which is earthed through the assoclated plug and

whic

should be useo f@r this purpese ™o

socket~outlet,
Plups—and—socket Feds ot pe—so—destened—that the
earthingwpin of the plug and the earth contact~tube of
the socket-outlet make contact before,\ & ntact
after, the associated current-carryixg opBacte
tubes,
4,04 - Earthing connections in earthed distniAﬁ%i n\syste
earthing connections in systems where one pal lé\ég which
the parthing connection does not normaly onform
with| the recommendations of Clause 4.03 it of
64 mme (or 0.1 in®) is recommended.
4,05 - Connections to the ship ] the
ship s structure should be made in bie position, and should
be spcured by a brass screw 0f diameder n less than 6 mm (or 1/4 in,)

Where a cable socket is

not = < M & a
tinned brass wa he“. I IN\eg tah to
ens 13g ria tthé r [oefore

the

16
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CHAPTER 5

APPLICATION OF DIVERSITY (DEMAND) FACTORS

5,01 - Final sub~circuits., The cables of final sub~circuits should be
rated in accordance with the total connected load,

5,02 = Circuits other than final sub-circuits, Circuits supplying two
or more final sub-cireuits should be rated in accordance with the total
connected load subject where Jjustified to the application of a
diversity (demand) factor in accordance with Clauses 5.03 = 5,04

below,

Whers - E—E i e I : an
allowance for future increase in load should be added/ i8
connpceted load, before the application of any diver y The
gllo

cire f the
acti

5,03 emand. )
fact ss-8Sectional apea
of ¢ NOWN
or a are
suithble for the applicati

5, Ok uld be
dete

The
Plate ratings of X
ratipgs given in

11 the basis of the na
ngs are not available th
(page 18) should be assumed.

In the assessment . i 3 s of a,c, motive power circuits
account showld % 1 o re}atively small decrease in current
consumpti ~Q : ] 0

4
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5,05 = Wineh circuits, For winches the diversity factor should be

not less than the values in the following Table 5,IL,

Table 5,I1

DIVERSITY FACTORS FOR WINCH CABLES

Number of
motors Current to be provided for
two plus 100 % full=load of the larger motor
30 % full-load of the second motor
motors are of equal size
three 100 % fullsload of the largs
Plus 25 ¢ full-load of each oF otors
or 50 % of the combined e mptors
are of equa
four plus 100 % full=load ] a
20 % full-lGad\of £ oR_the remaining motors
ptors
five che largest motor
each of the remaining motors
%-of the combined full-load if the moftors
: are\of equal size
six or b of the comblned full-load of the motors
more /\

«19=
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6.01

CHAPTER 6

D.C, SHIP'S SERVICE SYSTEM OF SUPPLY

- Normal distribution systems. The following systems are

considered as standard :

(a) 2-wire insulated

(b) Single»wire with hull return

(¢) 2-wire with one pole earthed

(d) 3uwire with middle wire earthed but without hull return

(e) 3-wire with middle wire earthed and With Hull

UL,

NOTE:| In accordance with Chapter II Regulation 24( tion
for Safety of Life at Sea, Systems (b) and (e) ake d
in passenger ships.

6,02 | Voltages, The following schedule givés r ded and maximum

system voltages ¢ //’"\\\\

Reco?izfQﬁd Kf\ S Maximum
Application voltage - voltages
AN A
Power \10,\2@ \ \) 500
Cooking @%\2}@\ > 250
Heating {\(\ k{\z-éoQ 250
Lighting 2& S 220 250
Intern@ nications ,\/ﬁ, 24, 50, 60, 250
(Q\ 0, 220
For small installatiors ess than 2 kW, 24 V. is recommended.
For i ' icafions 24 V. is specially recommended,
4
NOTE es stated are the mean voltages at the consuming
NOTE
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CHAPTER 7

A,C, SHIP'S SERVICE SYSTEM OF SUPPLY

7.0l = Normal distribution systems, The following systems are
considered as standard 3

Single phase

(a) 2-wire insulated ;

(b) 2-wire with mid-point earthed for lighting and socket
f ocutlets

(c) 2-wire with one pole earthed

(d) Z-wire with mid-wire insulated

(e) 3-wire with mid-wire earthed but without hull return,

—Thpee—phase AN
ij =wire insulated
(g) 3-wire with neutral earthed
(h) A4-wire with neutral earthed but witho ullor tu%yo
7.0 = Voltages, The following schedule gives \recomended maximum
sysftem voltages 3 ' \Q\\
Recommne &}\\\§ Max{imum
Application volltages
Power, Gooking and §¥/> ;> Single Phase 250
Heating )
Three Phage 500
: N
Lighting Single Phage 250%
Socket \Outlets Hingle Phase 110 Single Phade 250%
127 »
AN 250% \
ntergal\ Single Phase 12 Single Phage 250
4 ications 24
42
48 '
110
220
250

* provided the voltage to earth does not exceed 150
NOTE 1: The voltages stated are the mean voltages at the consuming devices,
NOTE 2: For tankers, see Chapter 23,

7,03 - Frequency. The standard frequency should be 50 or 60 c¢fs.

2]
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CHAPTER 8

SWITCHGEAR, SWITCHBOARDS, SECTION BOARDS
AND DISTRIBUTION BOARDS

MAIN AND EMERGENCY SWITCHBOARDS

8.01 - Position of switchboards., An unobstructed space not less than

0.9 m (or 3 £t,) wide should be left in front of switchboards, Pipes
should as far as possible not be installed directly above, or in front
of or behind swiltcehboards, If suech placing is unavoidable the pipes

should be without Jjoints on these positions (see also Clause 3,18).

8,02 - Gangways, 1Ff fuses or parts which require maintenapce~are mounted
at the rear of a switchboard, a gangway not less than O, t.) in
width phould be pw@videiy but where beams or struts !

0.5 m for L £t, 6 in,) is admissible.

8,03 ~|Mats, Where there is any visk of aceidents
parts iuring operation, inspection, or maintengfice rubbek instlating-
mat or|a grating of impregnated wood should beNp !
8,04 -| Insulating materials, g ruction
of swifchboards should be dmwabta av& MEC

retardingg non-absorbent, and of ant

8,05 | Bus~hars, eto, PBus-bars copper
unless| otherwise specified, AT ¢ X to
inhibip corrosion as far as possible 3 mubtfs bh@ﬂwd be strengthened
to withstand meunapiun‘ reSSe J ¥ &i So
The crpss—section of

maximim permisgib g are

carryl Ture=
rise fpi

8,06 - Date

equalike; ; Bor and -qu@] zer switoh &bouim b@ nob 1ess than helf
the ra h 3 —of the generator,

The oufry R eghalizer bus-bavs should be not less than hallf

the rafy urvent of the largest generator in the group.
8,07 - st Nehdrg colours for d.c. Bare current-carrying partd of

differfl oK ; should be clearly marked with distinguishing collours.
The folLlgwing belours ave recommended for d.c. switchboardss

Red for positive pole
Blue for negative pole
White for middle wire ‘
Black for earth connections.

The equalizer connection should be marked by white bands in addition to
the appropriate colour as glven above,
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8,08 - Distinguishing colours for a.c. Bare current-carrying parts of
different phases should be clearly marked with distinguishing colours.
The following colours are recommended for a.c. switchboards :

Green for phase 1
Yellow for phase 2
Brown or
violet for phase 3
Grey for insulated neutral
Black for earth connections,

8,09 = Construction of switchboards., Switchboards should be of solid
and durable construction and should be capable of withstanding
mechanical stresses which may arise from short-circuits,

For voliagos beimeun poles, or to earth, above 150 V, a.,c., or 250 V.
d.c. » VAN

ays he nused

Live parts should be mounted at such a distancc from, or\shi from,
parts|of cpposite polarity and earthed metal, in suchra\wa tx~ n

are ¢ wnoh be maintained and that the length of creef hods

adeqgud Where live parts on a switchboard are adjs Lo a_gangway,

an insulated harndrail should be provided to prevent aveldarit: onttact
ing
nce,

connegtions, should be readily accessible for
or veplacement, (See also Clause 3.09),

ments,, and opsrating handles,| should
mew-reta sterial, bearing

fuses and settings of

8,10 ¢+ Labels. ALl apparatus, 1nstr
be pr>V¢ded WLTh lao ils of dr- f
clear
ad just

8,11 able-entp: ) ablé-entid ducts and condults, should
compl] y Y ] ‘ by Cable~entries should be
suitable for ¥ nethc > ion .f the switchboard etc., o

which

8.12 ' generators, PFor generators ot
opera] ’eﬁ%&\é&e voltmeter and one ammeter should| be
proviged fow &V

For paralile] ha: a3 N\one Ammeter should be provided for each generator
and © K W © switeh for measuring the gengrator
and bl

For cpiy rators fitted with equalizer connections, the

ammeé" hawhd \e eonnected .to the pole opposite to that connected to the
seriep windd f>the generator, ,
FPor 3twirke Yators, the ammeter should be located between the dgualizer
conneftion and the generator,
Por 3=wire systems subplied by a S-Wire generator or by a halancing booster
an ammeter should be connected to each outer pole of each balancing
generator and a voltmeter between each pole of the bus-bars and the middle
wire,

8.1% « Measuring instruments for a,c, generators, For generators not
operated in parallel each generator should be provided with at least one
voltmeter with a changeover switch for measuring the voltage of each phase,
one ammeter with an ammeter switch to enable the current in each phase to
be read or an ammeter in each phase and for generators above 50 KVAr a
wattmeter, together with a frequency meter, unless there are other effeptive
means of indicating the revolutions per minute.

For parallel cperation there should be provided in addition a synchronizing
device with changeover switch for connecting it to any generator, The
provision of an ammeter in the exciter circuit of each generator is
recommended.,

22Be


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

8,14 - Instrument scales, The upper limit of the scale of every volt-
meter should be not less than 120 % of the normal voltage of the circuit,
and the scale should be provided with a red line to indicate normal

voltage.

The upper limit of the scale of every ammeter and wattmeter should be

not less than 150 % of the normal rating of the circuit in which it is
instalied, The scale should be provided with a red line indicating

the normal full-load, Ammeters for use with d.c. generators and kW

meters for use with a.c. generators which may be operated in parallel should
be capable of indicating reverse current or power respectively.

8,15 = Earth indication, For insulated systems; the main switchboard should
be provided with means to indicate the state of insulation from earth of the

systemo VAN

8,16 - Oyercurrent protection of a.c., and d,c., generatorss Lnd d.c.
generator cireuits should be provided with overcurrent Drd ; ?gch
insulated pole, The following pProtechtive gear should be

minimam
(a) For generators not arranged to opfe:

a circult-breaker arranged i
insulated poles or a multis

(o)

g.i ue»hani@al Eh@ck%o The revepse
Nbe vad justable to the circumstances

Wéen the limits of 3 % and 15 % of]
be expectedo

ezfﬁetiva]v with vevew&@ power conditions
nting from the ship's network (e.g. cargo winches),

¢ of overcurrent protection to an earthed
¢ por or middle wire of a 3-wire d.c. system or
MmWA~e 8.Co. System s

middle wireAexceeds the permibted v&lueo

8,17 ~ Tripping of non-essential load., Where the load includes essential
services consideration should be given to an arrangement which will automatic-
ally trip sufficient non-essentisl load when the tobal load excseds the
connected generator capacity. If required this load shedding may be
accomplished in or more stages.

8,18 ~ Additional requirements for d.c, generators, In addition to the
protective gear specified in Clause 8.16 the following should be provided for
generators arranged to operate in parallel 3

)
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(a) Where an equalizer connection is in use, the reverse
current pProtection should be provided in the pole opposite
to that in which the series winding is connected,

(b) For level-compounded generators an equalizer switch for
each generator, so interlocked that it closes before,
and opens after, the main contacts of the circuit-breaker
with which it is associated,

{¢) Tn 3-wire systems a switeh in the connection t¢ the middle
wire, so interlocked with the genervator switch or circuilt-
breaker connected to the "outers™ as to operate
similtaneously with them,

8.19 - PPOteetlUﬂ Of oatgoing_a Co OF doCo ciroultso For all oute
goingre Hewine ] DROS NPTV

{(b) An automatic cirvcuilt-breaker so copstrudged e’ open
olmultaneously all insulated po”‘ alberng for
NS I e i £S,

Overchrrent protection should be provid
selectivity or discrimination is ach

mann fective
CS as_is pvactioableo

8,20 + Protection of meters, Pyotection should pe
provided where practicable for voltmeters e eolls of measurfing
instr ] '«tmlamns together with [their
connepting leads, & rpése should be placed als near
as practicable to 3

8,21

i
and fluises she
curreat whi(fﬁg

8,22 breakers, etec, Cilrcult-breakers and
conta ts 1if practicable should be so instalfled that
their is nd correspanding relays are not live when the [circuit-

eo E&uik " position, so that inspection, adjustment, and
facilitated, In essential circults, the

and_circult-breakers, Circuit-breakers
fﬁghgﬁeratiwn at the maximum short-cifrcuit

8,23 | Test Before installation, switchboards complete with all
components should pass the following tests. A high=voltage test |should
be carried out on all switching and contrel apparatus for systems of

60 - 500 volts at an altermating voltage of 1000 plus twice the rated
voltage at 25 - 60 ¢/s for one minute applied between current-carrying
parts connected together and earth, and between current-carrying parts of
opposite polarity. For systems of 60 volts or less the test should be at
500 volts for one minute,

Immediately after the high-voltage tests, the insulation-resistance
between current-carrying parts connected together and earth and

=25
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between current-carrying parts of opposite polarity should be not less

than one megohm when tested with a d.c. voltage of not less than 500 V.

NCTE: Instruments and other ancillary apparatus may be disconnected
during the high-voltage test and tested separately in accordance
with the reguirements of the appropriate standards.

SECTION AND DISTRIBUTION BOARDS

8.24 = Section and distribution boards. Section and distribution
boards should comply with the recommendations made for main switch-
boards in Clauses 8,01 to 8,23 above as far as they apply, Matters
particularly applicable to section and distribution boards are dealt
with in the following Clauses 8,25 = 8,27,

8,25 - Pdsit;
distribuy:
all timeg
in a cuph
have acogs

8,26 - Ede
should b
accommodat
material e e D1 2l
is also ftherms ] , pravids X be of
adequate 1 De ; be
openead oaly by authQWized persoznelo Protectior
against 4 Aive\ pae
HOTEs Er vy net be pPlaced in conbact with or

sH flammalle material,
8,27 = (g isbribution boards. All conne
ections 4l %3 ssstbledhen the protecting covers, if any,
are remoye i e ‘w Y of Darts should not necessitate the
removal qf b 2 canrection of cables.
If the bys-b A\ aXy D8 or distribution board carry "through"
load, the si SR bhe HuSwsars should be of the same rating as the
supply cgbl

4
8,28 - ¢ -bregkers, fuses and switches - general,

{(a) The temperature of current-carrying parts will be dealt with
in a later edition when IEC temperature Llimits have been
established,

() The temperature limits of releasse, blowout, contactor-
operating and relay ccils which are left in circuib
continuously at rated voltage and/or current should
satisfy the requirements of an appropriate authority.

{(c) Where the current to be interrupted by a switch or
clircult-breaker is of such magnitude as to cause damage
to the contacts, suitable arrangements should be made
for the ready renewal of the damaged parts.

=26
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(4)

(e)

(‘f)

8,29 - Pr

The handles and operating mechanism of switches and
¢ircuit-breakers should be mechanically strong, and
should be so designed and arranged that the hand of the
operator, when using the device, cannot accidentally
touch live metal or be injured through an arc arising
from the switch or circult-breaker or the blowing of an
ad jacent fuse. If switches are enclosed, their handles
should not operate through unprotected slots,

Metal cases should be well clear of live parts, and where
switches are required to operate at voltages exceeding
125 V, and are rated for currents exceeding 6 A, any

parts of metal cases which are adJjacent to arcing contacts
should be lined with incombustible insulating material.

Each circuitmapening device should be so constructed ard

The means of fixing current-carrying par
indepéndent from the means of making el

‘the
o

values of
total pro

D
D
2
A

AL CS motor

mes rated full load ourrent
time s 1 1 1t

10 times rated full load current
~ (without amortisseur windings) -

6 times rated full load current
- 3 times rated full load current.

3., 30 - Circuitmbreakers°

(a)

{v)

The over-current releases of circuit-breakers for
generators and circuits with "preference" tripping should
be adjustable,

Where reverse power or reverse-current protection is
provided the device should operate at not more than 15 %
of the rated full-load current or memindlrating (kW) of
the generator with rated voltage across the voltage coil,
at any permissible temperature within the range.
A fall of 50 % in the applied voltage should not render the
reverse-current mechanism inoperative, although it may
alter the amount of reverse current required to open the
breaker,

iy
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(e)

(a)

Every circuit-breaker rated at more than 16 A should be
of the free-handle type,

Every circuit-breaker should be so constructed that,
irrespective of the method of tripping and the conditions
of load, it will when operated break the circuit
effectively and without undue arcing,

8,31 - Switches,

(a)

(o)

8.3%2 ~ Fudes.
(a)

(b)

Every switch should be capable of breaking a load current
50 % in excess of its rated current at rated voltage,
100 times for switches of rating not exceeding 60 A, and
10 times for larger switches, and be capable of being put
nto service subsequent] witho injurious ovefheating
For d.a. the test load should be resistive apd|for ale, |1t
should have a power factor 0.3, The stated\numbelo
interruptions should be carried out at eq
within one hour,

Every switch should have the conta
dowelled or otherwise locked to preven QS ement
alignment by rotation on the panel,

NS

<

\

Ses are employed to secure overcurrent Protection
> motor circuits an overload device should|
4 for motors over 0,5 kW which will open the

the current in any phase becomes excessive due
ening of only one phase by the blowing of a fuge,

Naree
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CHAPTER

DISTRIBUTION

Attention is drawn to the requirements of the International Convention
for Safety of Life at Sea 1948,

9,01 = Methods of distribution, Curreni-consuming appliances should be
connected to either :

(a) & main switchboard, or
(b) an emergency switchboard, or

(¢) a section board, or

(a) a daistribution board,

9,02]|~» Rinp-main or looped circults., One or more s
boards may be connected together to one cable so 4
continuous circuit or a ring-main, Such a cable o
formed of conductors having an equal cross-secét

If alcable supplies several section or distri

interrupted if required at each board withe 5
- additional protection. In such a ¢ a the intermediate
distribution~boards should be of & seSpcetion to carry the

full|cable load,

9,03| ~ Balance of circuits f -wire \d,ex systems.

Current-conspming
appliances connected between| an ugtor and the middle wire
should be grouped ; er’ normal condition the lpad on
the two halves of “the ta within as far as possible 15 %
at the individu 6 section-boards as well as at [the main

swit:hboardo

9.04| -~ Balaneé o r’YJ-wire a.c. systems. For a,c, F or U
wire| systems the curren nsufiing appliances should be so groupef in
the final : ta\that )the load on each phase will under normal
conditio as—far as possible within 15 % at the indijidual
distribati : ~poards as well as at the maln switchboarfl.

9005 = o\ﬁingle wire systems with hull return, In d.c. singlelwire
distpibution systems with hull return, it is recommended that all| final

sub=giréu for lighting should consist of 2 insulated wires, the hull
returadthen ng achieved by connecting one of the bus-bars of EFe
distr 1 >

9,06 ~ Final sub-circuits. A final sub-circult having a current rating
not exceeding 16 A may supply any number of lighting points up to the
following maxima 3

for 24 V and 48 V : 10 points, for 110 V : 14 points,

for 220 V ¢ 18 points,

In cornice-lighting, panel-lighting and electric signs, where lamp=-
holders are grouped in close proximity to each other and are connected
to the circuit without flexible cords, more than the number of holders
specified above may, if desired, be connected to a final sub-circuit,
provided that the maximum operating current in each sub-circuilt does
not exceed 10 A,

«29.


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

9,07 =~ Socket-outlets in lighting systems. Socket-outlets for portable
lamps, small domestic appliances and small heaters, may be groubed
together as for lighting points (see 9.06). Motors rated at 0.2 kW or
less may be connected to a lighting circuit,

9.08 - Precautions against fire. If a ship is divided into fire zones,
at least two separate feeders for lighting should be provided in each
zone, one of which may be the feeder for the emergency lighting. The
feeders for the different zones should be so arranged that in ‘the event
of fire in one zone, the supply to the other zone remains as far as
Possible unimpaired., '

9,09 - Lighting circuits in machinery spaces, passengers' accommodations,
etec, In machinery spaces and large galleys, and on Passenger ships in-
ers o /N

Corridors,

Stairways leading to boat-decks,

Saloons,

Emigrant spaces,
lamps should be supplied from more than one circuil one be
the emepgency circuilt in suech a way that fallure does

9,10 ~ Cargo~space lighting., The lighting of g
spaces [should be controlled by multi-p W
these spaces and accesgible onky\to 2f§§§§:fei
9.11 - Radlo installations, inecludin restlon=-firding and similar
equipment., It is vecommended that whe E\Qigificable radio install-
ations [should be supplied from\a s y on the main switchboayd

or emen

go-

9,12 - masthead,/ side and stern lights should be
connect distribution board which is reserved for this
purpose ed to the main or emergency swiich-
board. :
The dig A placed in an accessible position under
the con ‘ §
Each na
switch,

e protected by a fuse and a double~pole
a double=pole circult-breaker fitted on|the

L and/or visual warning in the event of extinction ¢f
the light. If an aural device is used it should be connected to a
separatie ource 6f supply, for example a Primary or accumulator (storage)
battery. IT a visual signal 1S used which 15 connected 1n series with
the navigation light, means should be provided to prevent the extinction
of the navigation light owing to the failure of the visual

signal., ' ‘

Provision should be made on the bridge for the navigation lights to be
transferred to an alternative circuit.

9,1% - Final sub-circuits for motors, etec. A separate final sub-circuit
should be provided for every motor engaged on an essential service and
for every motor rated at 1.25 kW or more,
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9,14 - Steering-gear, Where the steering-gear is operated by two
independent mechanisms and electric power is used for the operation
of both, the power should be supplied by two sets of cables both
from the main switchboard. _

The feeders should be separsted throughout their length as widely as
practicable so that in this respect the continulty of operation of
the steering-gear is ensured,

Where electric or electro-hydraulic power is employed for the
operation of steering-gear, the failure of supply to the steering-
gear motor (or motors) should be indicated to the prineipal propulsion
control station and at the main-steering position.

Apart from the alarm, only short-circuit protection should be
provided on steering-gear circuits,

9,15 =¥emttiztio ] i - tiartd aesicse ¥ meghinery

as far aparﬁ as pwaetieableo It should be possibl persz ~t>of
the master controls for power ventilation serving machine § from
a pogition outside the machinery space. it L e power

to the equipment for these systems may be corside
control point.

NOTE: This clause does not apply to smsg
circuits (see Glause 9.07).

ting

9,16~ Fuel=0il bumps, Pg stop-t 'y el-
oil pumps should be provided\: i i ‘
machlnery spaces,
atopi

Lt 4

9,17 |~ Fire-pump motor : P ld be
s0 ayranged that » zone

will|not pubk out of a
9,18 :; 3

isher systems, The supply to sea-water pumps,
alarms should be fed through the emergency

swituhboar» b; a fe der\regérved for this purpose. No switch should be
installed g adrcuit other than that at the switchboard; thip switch
should be clearly lase.,ed and should be permanently closed in all

norm# 1 ¢ istanc

9,19 xd discharges from motor-driven pumps., Motor-driven
pumps desi@neg/k@ discharge above the lighit-load line and in way ¢f
life+boat launching should be provided with emergency switches inptalled
in locked boxes having covers of glass or the equivalent, conveniently
located outside machinery sbpaces,

9,20 - Loading- and unloading-equipment. Should it be decided for
Practical reasons to connect apparatus required when the ship is under
way to the same supply as apparatus not so required, means should be
provided for the isolation of the latter.

9.2l = Submersible prermanently installed bilge-pumps.

‘(a) The motors of submersible, permanently installed, bilge-
pumps should be connected to the emergency switchboard.

3l
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(b) Cables and their connections to such pumps should be
capable of operating under a head of water equal to their
distance below the bulkhead deck, The cables should be
lead-sheathed and armoured and should be installed in
continuous lengths from above the bulkhead deck to the
motor terminals and should enter the air bell from the
bottom, Cables of other types but equivalent performance
may be used as an alternative to lead=sheathed and
armoured cables.,

(c) Under all circumstances it should be possible to start
the motor of a submersible, permanently installed, bilge=-
pump from a convenient point above the bulkhead deck,

If an additional local starter is provided at the motor,

ter
installed on deck.

9,22 = Heating., Each heater should be connected to a
sub=cirjcuit except that up to 10 small heaters of g
rating [not exceeding 16 A may be connected to 3

cult,

9.23 - [Heating and cooking appliances.
disconrject every fixed heating or coocking(apply ; a gwitch breaking
all insulated poles simultaneously,

9,24 « |[Junction-boxes, Junctien-bexe ould{be eapily accessible gnd if
mounted behind panels their position\gh . indi ' on
the relevant panel,

9,25 - |Overcurrent pr”%ect‘-x
overcur !
boards

DXL s

where 8 cable

In all Lt,
in such re

is resi

The cux

circuit the
current r:

In ordegr lces,
it is ; bus=
bars off th afd and current-using appliances should be limi’c%d°
The limit (should be 4 for motive~power eclrcuits and 5 for lighting or

heating

P odreults]

9,26 ~ Protective devices, Protection may be provided by fuses of approved
construction, by circuit-breakers provided with overcurrent relays or by
circuit-breakers backed up by fuses, Circuit-breakers should open all
poles of the supply simultaneously,

Every protective device should be rated for the greatest possible short-
circuit current which can pass through it. Circuit-breakers and fuses
protecting supply cables for motors may be designed to allow excess current
to pass during the normal accelerating period of the motor, No protective
device rated at less than 5 A need be installed,

NOTE: It is admissible to short-circuit the adjacent overcurrent releases
during this accelerating period,
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9,27 = Protection of lighting circuiis, ZEach lighting circuit
should be protected by an overcurrent device rated at not more

than 16 A,

Protective devices of circuits in which socket-ocutlets are in-
cluded should not exceed the rating of the connected socket-outlets,

9,28 - Pilot lamps., A pilot lamp installed as an integral part of
another item of equipment need not be individually protected,
provided that the protective device of the main circuit is rated
at not more than 25 A, (See also Clause 8.20).

th [
Co

An ;gy
syptem 1s being supplied by the battery.

preferably be mounted on the main switchboards

9,30 -~ Shore connections. , N’ supply
of| electricity from a source on shore ‘ : &, \ connhection=
bok should be installed in a position/ on 0 the
repeption of portable cables from sbe ning
terminals of ample size apd\guitak

sa

Th

ap) ects
th

Whe on=box
to the

swW placed
by

Th v

at rgized,
Folr threex g NS W should
Thie he

pHL the

At thecdnusction-box a notice should be provided giving full information
ofl_the system of supply and the normal voltage (and frequency, |if a.c.)
of the ship's system as well as the requirements for carrying out the
connection,

9,31 - Protection of transformers, For transformers above 1 kVA the
primary windings should be individually protected in each phase against
overcurrents by means of circuit-breakers of fuses,

Ty s ) €3 4 CS 620 £
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CHAPTER 10

CABLES, CONSTRUCTION AND TESTS

NOTE : 1 This chapter is not unanimously approved but is published
for guidance,
Re-drafting of this chapter is under consideration,

NOTE ¢ 2 The constructions and tests, contained in Chapter 10 are
not intended to replace or supplement constructions or
tests which are approved by a National Authority for use
in ships.

Section 1 - General matters and definitions,.

2 o

3 13 . 0 ST he term
: = e R e S
spepified values” means values which must be met in tegts; thé [term

¥acthal values" is applied to the results of measureménts
accopdance with the tests specified, <iii\\i

ade
10, 0P - Values specified by these Recommendatiqﬁg\ghd&va ues spPedified
isVmad

by the Purchaser. When in these Recommendat s \referenc e to
'spepified values", it should be understood
refep to the values specified by the purn the \cab¥es (or |by
the hppropriate Authority).

10,0B = Interchangeabllity of\cab o

biish Nn & later edition a
f interchangeable cables,
st important existing

It is under consideration to

National Szf:zéf?ﬁh\\\\éﬁ
10,08 - Classiffeation of cabl

&@}f@l\o\péﬁage rating

T

NOIE

t with in this chapter are distingyished

R ollowing classes of insulation:

or a rated voltage of 110 V

” 1 1t 1 1t 250 V

1" t i t t 660 -V-

{ "o 1" " 1100 V
i 11 it 1t 1t

i 1 1t " 1 2288 g

{5)—3in Telation &0 construction

See Sections 6, 7 and 8 of this chapter,

Section 2 « Conductors

10,05 « Characteristics of the metal., The conductors should be composed
of copper of conductivity at least equal to 98% of that of standard
annealed copper as defined in Publication No., 28 (1925) of the Inter=-
national Electrotechnical Commission; the registivity of the copper
ﬁh@ul% thus not be higher than 0.01759 ohm—mm%/m (6.9252 x 10 =T ohm-in,)
at 20¥C, -

The other pProperties of the copper should be in conformity with the

same publication,

=Bl
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10,06 « Formation of conductors, The conductors should be circular
and regular in form. Por multi-core cables, shaped conductors are
admissible when the insulating materiasl permits;, and Provided that
the cross-section is free from sharp projections and other defectis
lisble to damage the insulation.

For cables intended for fixed wiring, circular conductors other than
mineral insulated cables should be composed of strands (all of the
same diameter) not less in number than Table 10,V (Page 61) reguires.

10,07 = Tinning of copper wires. For rubber-insulated cables, the
wires forming the conductor should be coated with pure tin or tin
alloy.

AN
10,5 - Cross-sectional area ol condugtors, ThNe crosse al |area
shoyld be checked by a measurement of electrical res i
accardance with Clause 10.51 of these Recommendatiofis,

Seclion 3 - Insulation

10,499 = Types of insulation, The present cha
cables using the following types of insulation

{a) rubber (natural or synth
(b) wvarnished cangk
{(¢) mineral

The |characteristics which the—
dicdted in Clauses 10.54, 10

NOTH: Other types of ot
dealt wikh In . n¥ i but
may be ad I ¢ ¥ for examples asbestos with

anfff?

10, 40 -~ Rubb

at .
Z;é;\i&zi;} the rubber

é\gzzger insulation should be composed of a mix|of
natu or synthetic rubber satisfying the tests
spacified in Clause 10.55, Polychloroprene is ifi=-
ed in the term "synthetic rubber®,

Application of the insulatica to the ocnductor
The 1nsula+"f(\n Bas ¥ y 2

rubber of egual or different quality (lngludlng poly-
chloroprene compound but not pure rubber), The use of
a single layer is permissible only when it is applied by

extrusion, The layers should be bonded together and the

insulation should be close~-fitting, but not adherent to
the copper conductor.

The manufacturer has the right to apply a rubberized tape

to the exterior of the rubber insulation.

(¢) Thickness of insulation
The actual mean thickness of insulation (determined in
accordance with Clause 10.43) should be not less than the
thickness specified by the purchaser, and not less than
the values glven in the foliowing tables s

BB


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

Table 10,VI Page 62 = cables for a rated voltage of 250 V.
Table 10,VII Page 63 - " won " " " 660 V,
Table 10,VIII Page 64 ~ cables for propulsion and communications,

For twin or multi-core cables, the insulation of the conductors may
be completed by a belt of rubber insulation, the mean thickness of
which (determined in accordance with Chause 10.43) should be not
less than the values given in Table 10.IX Page 65,

10,11l - Varnished-cambric insulation.

(a) Properties of the varnished-cambric
Varnished-cambric insulation should be compeged of
varrished-cambric tapes satisfying the Iollowing requirement

(i) the textile base of the varnished-camin an
ever] weave of cotton or (if explicitly agreed by manufs able
purdhaser) of rayon or silk.

(i1) the tape should be well varni ' th an
insylating varnish of such quality that # Q & ; £y
the |tests specified in the present chap/

(11i) the nominal thicknes$ should

be not more than 0,30 mm ( ould
not [differ from the nominal

satisfy the phys%z:i<izgg\\}jf
(v) MApplcabion o

14

the

ness
lically
Ne

than

serve

age
! ric,
conduotors or on the protective sheath,

Separator
Th
the conductor and the insulation, or over the insulation, or in

both places, The separator should be composed of tapes of cellophane,
oiled paper, woven cotton or glass, or a braid. '

lween

(d) Thickness of the varnished-cambric insulation
The actual thickness of insulation at any point, deter-
mined in accordance with Clause 10,44 should be not less than the
thickness specified by the purchaser, and not less than the values
given in Table 10.X Page 66,
When a separator is used, its thickness may be taken into account when
the actual thickness of the insulation is determined.

36
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10,12 - Mineral insulation.

(a) Properties of mineral insulation
The mineral insulation should be composed of a powdered
mineral substance so compressed as to satlisfy the tests specified in '
the present chapter,
The nature of the substance 1s left to the choice of the manufacturer,

(b) Thickness of mineral insulation
’ The mean thickness of the insulation, in the case of a
magnesium-based insulant, should be not less than the values given in
Table 10.XVI Page 72,

Section 4 - Protective coverings TN

10,1P -~ Types of constituent elemenits of protective qé§g¥iﬁgﬁo ne
protective sheath of a cable consists of one or morg constituent
elements, according to the relevant sbecification give Sect ;g
6, T|and 8 of this chapter.

The types of constituent elements provided T
of these recommendations are:

diftion

(a) non=metallic elements

L 16)

btuent element whieh may be used for the
s of ships' cables are not provided for| in
bion of these recommendations, but may be afded

NOTE

10,1 d~alloy sheath.

\7§D\;éroperties of the metal
erx ' roum-

! s .
stances (see 10,14 (b)) of lead or of an approved lead-alloy. ‘'Lead"
is defined as lead containing not more than 0.1 per cent of other metals,
among which the zinc content should not exceed 0,002% and bismuth
0.05%.

"Approved alloys" are those given in the following table, Other
types of alloy are admissible only subject to specific agreement
between the manmufacturer and the purchaser:
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TablelOoI

100 16 -

edges of the first.

Type of Composition (percentage by weight)
alloy , ‘ ' ‘ ’ Pure
’ Tin Antimony Cadmium Copper lead
min., max, | min, max, | min, max., | min, max.
No. 1 1.8 2,2 - - - - - -
No. 2 - - 0.7 0.95 - - - -
No. 3 0.%5 0,45 | 0,15 0.25 - - - - The
No, 4 0.35  0.45 - - 0.12 0,18 - - | remainder
No. 5 - - - - - - 0.04 0.08
(b) Application of the sheath to the cables
The use of "lead" as distinct from lead a¥lo
sheaths| is admissible only where there is a further prndte
(See Taple 10.XI Page 67), The sheath should remain
truly cpncentric to the cable, and should be free |
defects ‘ .
{¢) Thickness of sheath
The mean actual thickness g rg\
accordahce with Clause 10,46, should be ‘-t 1 the” thickness
specifipd by the purchaser and given in Tables
10.XT ahd 10.XII (Pages 67-68)
Table 1D.XT lead-alloy sheath has dn
outer 1 le braid is not considered
to be a| protective co
Table 1D,XII Page d-alloy sheath is bare, thgt is to
say without furthex al\prdtection (textile braid is not considered
to be a| prote ve rposes of this clause)
10,15 - The textile braid should be of dgotton
or hemp t téxtile fibre, and should be of a strength
suitabl It should be effectively ime
Pregnat nd\which is resistant to moisture, flame~retgrding
and fre action upon the various materials constityting
the cab

L

A4

(i) A cotton tape wound with an overlap of at least 30 %, or
two tapes so wound that the second overlaps by at least 20 % the two

The tape may be of glass or other fibre in place

of cotton, and should be impregnated or ftreated with a non-hygroscopic
material which is flame~retarding.

tapes,

(ii) vTapes of polyehlofoprene may be used in place of textile

An impregnated textile braid (Clauue 10.15) is also a suitable
bedding for metal braid,
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(iii) When the bedding is applied over a lead sheath, the
latter should-first be coated with bitumen or other waterproofing
material,

(iv) When the metal braid is applied over a protective sheath
of polychloroprene (Clause 10,21), no bedding is necessary. A sheath
of polychloroprene, even when thinner than that prescribed in Table
10.XI Page 62 may thus be used in place of the above-named covering as
a bedding for metal-braid armour.

(b) Bedding for steel wire or tape armour
A wound spiral or braid of jute threads or other textile
material (including glass fibre), or a woven tape of the above-
mentioned materials, should form a continuous layer of a thickness
(measured on the finished cable) equal to at least half the diameter
of the steel wires (Table 10,XIV Page 70).

10,17 = Metal braid, The braid should be formed of zin
(gallvanized) steel wires of a nominal diameter not J
given in Table 10.XIII Page 69.

fflue

On special request, the braid may be formed o oy,
or aluminium-alloy wires, whose surface should st
corrosion (for example by tinning, galvanizi

method). The diameters of such wires e
values given in Table 10,XIII Page 69.

The braid should be an even/wes Py ‘ e se
fitiing on the cable, Its t of
the |braid is at least 90 per cs ¢ of
the [same metal, of internal (diamete g and
of thickness equal o the dix e braid.
The |metal braid. should\alway 3 e le
comgound (Clause\l0

10, 18 - Péi;§>f artfour etdl braid. The paint should form|an

effdetive arid d
chemical ¢
counttered

oD protecting the wires against rust|and other
conditions of installation normally |en-

10,19 -\Gal ized-stedl-wire armour., Annealed steel wire should be used
and<tﬁe\§g@ al diameter of the wires should be not less than that
sped e Y\t rchaser, and not less than the values given in
Tablzi%DmXIV '

ge 70,

On gpeeial request by the purchaser or manufacturer, use may be made
of shaped wires in place of circular wires: in that eveni{ the mean
thickness of the shaped wire should be not less than that specified

by the purchaser and not less than the values given in Table

10,XIV Page 70,

On special request, instead of steel wires, wires of the same
dimensions but of non-magnetic metal may be used,

The wires should be applied over the bedding so as to form a uniform and
substantially uninterrupted cylindrical layer. The lay of the winding
formed by each wire should be approximately equal to 10 times the mean
piteh circle diameter when the diameter of the wires exceeds 2 mm

(or 0.08 in.), or 8 times when it is 2 mm or less,

On request the wire armour should be protected by a suitable compound
(Clause 10,18).
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10,20 - Steel-tape armour. Annealed steel tape should be used and the
mean thickness of the tapes should be not less than that specified by
the purchaser and not less than the value given in Table 10.XV Page 7l,

. On special request, in place of steel tapes, tapes of the same
dimensions but of non-magnetic metal may be used,

The armour should be formed of two tapes wound in the same direction

over the bedding so that the gab in the first layer is approximately

equal to one-third the width of the tape and the second layer covers

this gap with .an overlap.

For cables whose diameter under the bedding is less than 10 mm ( or

0.4 in,) the use of this type of armour is not recommended,

10,21 - Polychloroprene sheath.

(a) Properties of the polychloroprene material
Two types of vulcanlzed compound based on gglzg?lorom

prene axr

Type A = For sheaths having additional external Protegti
Type B - For sheaths of all types of cable,

The physical characteristics of both types should
ments |of the tests specified in Clause 10.60,

cables
mechani

lance

with ( Dy

the puka ing
tables
Table DL O =
rer 3,
b1
Table wiring
ined with

10,22

vz:s\\éioperties of the rubber sheath material
Two Ly] Types of vulcanized compound based ol natural Tubber
are provided for in these Recommendations,

Iype C = For sheaths having further external protection,
ggpe D = For sheaths for all fypes of cable,

The physical characteristics of the two tyPes should satisfy the re=-
guirements of the tests specified in Clause 10,60,

(b) Application of the sheath
The same requirements apply as for polychloroprene (see
Clause 10,21=b)

(¢) Thickness of sheath
The same requirements apply as for polychloroprene (see
Clause 10,21-¢).

=4 Qe
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NOTE: It is in general preferable to use a polychloroprene sheath
rather than a natural-rubber sheath, since it has a stronger
resistance to fire, aging and to the action of oils,

10,23 - Copper sheath (for mineral~insulated cables)., For mineral
insulated-cables the sheath over the insulation should be of copper
or copper-alloy.

The sheath should be of uniform thickness and free from splits, cracks
and other defects, The surface of the metal should be smooth and
free from traces of sulphur or foreign matter, particularly chemical
substances which may have been used as cleansing agents,

The thickness of the copper sheath should be in accordance with

Table 10.XVI, Page 72.

Sectlen

10, 24~ Types of twin and multi-core cables.
multilcore cables are provided for in this Codes
an adfiitional belt of insulation is applied over A
cablefl cores; in the other type, the protective goversly
direcltly to the Insulated and cabled cores., ‘
thickphess of insulation of each core can be
'type 3 e

The ¢
the tpi
sheat
betwe,

Lon

10.25| = Cabling of insulated cores.

(a) Cabl \\Eié;;EEQQbmm bé¥t of insulation

cores;-with the addition of a tape or

separptor, «10-b and 10.1ll=c) and bearing
identifica .26) should be twisted together

S0 as 3 rmXaxd\flexible cylinder, The spaces between
the ¢ e filled with sultable wormings

(Clau

For ¢ 2 of conductor not exceeding 2.5 mme (or
0.00 he' construction of twin flat cables 1s admissible, with

or wi 54 and with a flat instead of a round cross-~section.

The reguirvements of this clause do not apply to mineral-insulated
cablep \(for which see Clause 10.29).

(b) Cables with a common belt of insulation.
The same requirements apply as for (a) above, except that
the wormings and the common belt must be insulating and the use of a
flat cable is not admissible.

10.26 - Identification of insulated cores. Identification may be
effected by colouring or by numbering, the insulation or the tape or
external separator, if any, or, as a further alternative, by the
addition of a coloured binding or braid. The cholce of method of
identification, (which may also be different from the above systems),
is left to the manufacturer, but in any event it should be so carried
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out that the various cores are readily identifiable, not only in new
cables, but also in those which have been in service for some time.

For the choice of colours the following rule is recommended :
- For twin cables ¢ two distinctive colours
- For three-core cables s grey, red, black

- For cables with more than
three cores

13

grey, red, black and another colour
(not red or grey) for the other cores,

For multi-core cables in which the cores are cabled in several
concentric 13-3121’-5, it is recommended that in each layer th
be at least two adjacent cores coloured differently from
others
In telephone cables cabled in pairs, the two cores off eac ;>

should| be distinguished from each other, and in addi JeRR: lar
pair should be identifiable (for example as indica
milti-gore cables).

10.27 + Wormings.
(a) Cables without common hedi\ of ingulation

. f @gﬁrO' materials (fpr
example by\rubber-Tike materials (for
example ) o e wormings should
£ill a : hy \deleterious effect « friom
either Wl = on the cables, at any
temper Pang : ) Tnparticular the wormings
should § g ek insdlation of the cores,
When t tee \ € able is of polychloroprene or
rubber ; ateridls can be integral with the

sheath geparaved by a blndlng (Clause 10,28).

ﬁ\?&i:g;mmon belt of insulation is of rubber, the

wormin ubber and the wormings in the outermost layer
shouls ithYthe sheath. When the common belt of in-
sulat er Of varnished~cambric (that is to say for

varnis sulated cables) the wormings should be of textille

materi

10,28 ~ Covering or binding,

(a) Cables without common belt of insulation
For these cables the application of a wrapping or covering
or separator or other suitable binding on the cabled cores before the
application of the protective sheath is optional for the manufacturer.
Such covering can be formed, for example, by a tape or binding or an
impregnated braid.

(b) Cables with common belt of insulation

‘ The nature and construction of the common belt of ine-
sulation for the various types of cable provided for in these
Recommendations are defined in Clauses 10,24 and 10,27~b,

o} Do
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The thickness of the belt itself (measured opposite the cores, that

is to say where the thickness is at a minimum) should be in accordance
with the values specified in the clauses regarding insulation of cores
(in particular Clause 10,10-¢ and Table 10.IX, Page 65 for rubber
insulation, and Clause 10,11-d and Table 10.X, Page 66 for varnished-
cambric insulation).

It is open to the manufacturer to apply a wrapping or separator or
other suitable binding between the common belt of insulation and the
external protectlve sheath.

10,29 «~ Multi~core mineral-insulated cables. The conductors should
be parallel and embedded in the insulation so that the thickness of
insulation between conductors or between conductors and external
copper sheath are in accordance with Table 10.XVI, Page 72

Sectioh 6 - Specification of rubber-~insulated cables, <::ii
xeeed ng

10.70 = Cables for fixed wiring and for rated voltage no
250 V,

(a) Conductors

For cables having up to 4 core
not expeed 40 mm® (or 0,062 in,2 or 80 00
more cpres the conductor size should not \excesd 6 3 3 i1}e
or 12 BO0 circ.mil.).
The formation of each conduc
Page OfL.

hould
2

10,V,

(b) Insulation {(Clduse 10,
Minimpun mean thickkes
Table [LO.VI, Page 6

(c) Cagiing £ 1ﬁ\ﬁlat‘d res (Clause 10,25-a)

Th ho d identified in accordance with Clause
10,26, | the W a be in accordance with Clause 1Q.27-a,
ny A\din ac rdance with Clause 10.28-a,

and the wrappi

sheuxd/be in accordance with

d) otge overings
ll 1ng types are provided for in the present [edition
of thep commenidatio (the types marked % % are recommended):

4
nated textile braid with humidlty ~resistant and

flame-petarding sompounds (Clause 10.15).

# X (11) Polyehloraprene sheath (Clanse 10,21, Grade B, thickiness
in accordance with Table 10.XII, Page 68,

(1ii) Rubber sheath (Clause 10, 22 Grade D), only for cross-
sectional areas of conductor up to 6.3 mme (or 0,01 in.<, or 12.300 cirec.
mil.); thickness in accordance with Table 10,XII, Page 68,

(iv) Polychloroprene sheath (Grade B) with impregnated textile
braid (Clauses 10,21 and 10,15).

XX (v) Polychloroprene sheath (Grade A or B) with metal braid
and overall compound (Clauses 10.21 - 10.17 - 10,18); ‘thickness of
sheath in accordance with Table 10.XI, Page 67,

(vi) TLead-alloy: sheath (Clause 10,14), thickness ’‘iIn accordance

with Table 10,XIT, Page 68.
-
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F (vii) Lead or lead-alloy sheath and metal braid, with bedding
under the braid, and overall compournd (Clauses 10.14 - 10.16-a -

10,17 ~ 10.18); thickness of sheath in accordance with Table 10.XI,
Page 67o

® X (viii) Lead or leadmalloy sheath with galvanized-steel~wire
armour, with bedding under the armour, and if required compound over
the armour wires (Clauses 10,14 - 10,16-b « 10,19); thickness of
sheath in accordance with Table 10,XI, Page 67.

{ix} As (viii) but with impregnated textile braid (Clause
10.15).

10.%1 ~ Cables for fixed wiring and for rated voltage 660 V.

( 61)
A single conductor of cross-sectional area r
approximately 1000 mm2 {or 1.6 in,2 or 2 000 000 circ,mils
Two, three |of four conductors of cross-sectional area
approximatdly 6,3 mm? (or 0,01 in.2 or 12 500 circgmil
(o) Insulation (Clause 10,10)
Minimum mean thickness in agdetrds A JVII, Page 63 1.e,
normally in accords
in accordance with 1OWVIDlk<a) 2 2 iy when an additio¢nal

layer of insulation in accordance X, Page 65 is applied over

the cabled [cores,

( se 10,25)
; ould be in accordance with
Clause 10,46, and /b in acgoradance w1th Clause 10. 27 The

covering or wrap

o J0=d, In addition:

loy sheath with steel-tape armour, with
(Clauses 10,14 = 10,16 = 10,20);
thickness d cordance with Table 10.XI, Page 67.

10.7%2 - Caljlés for FRixed wiring and for rated voltages 3300 V. and 6600|V.

The construction of these cables 18 simlilar to that described in
Clauses 10,320 and 10,31, The cross«sectlohal area of conductors is
in general greater than 20 mm® (or 0.0% in.2 or 40 000 circ.mil.).
For minimum mean thickness of insulation see Table 10.VIII, Page 64,

The protective sheaths recommended are only of the types (v) - (vii) =
(viii) of Clause 10,304 ,

10.3% ~ Cables for fixed wiring for signalling and control purposes.

(a) for rated voltage of 250 V, or

(b) for rated voltage of 660 V.

For the specification of these cables see Clauses 10.7%0 and 10.31,
bearing in mind that the orossmsectional area of conductors is in
general between 1 and 2.5 mme (or 0,0015 in,2 and 0,004 in.g)

wlil

o
©
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The number of cores normally should not exceed 40, The cabling
should normally be carried out by individual cores and not in pairs;
the protective sheath of type (i) (impregnated textile braid) is
not recognized,

10, 34 ~vCables for fixed wiring for internal communication circults
. (voltage not exceeding 110 V),

(a) Conductors 5 5
Cross-sectional area: Betwegn 0,5 mm~ (0,0008 in.” or
1000 circ.mil.) and 1.6 mm® (or 0,0025 in.“ or %200 circ.mil.).

Formation + Single wire, % or 7 strands;

Number of cores: Normally not exceedl

(b) Insulation (Clause 10,10)
Mean thickness not less than 0,8m
rubberized tape or coloured braid may be added\(at ' the

This oan be carried ou
(Clause 10.33) or by pairs.
twisted to form a pair and (with or without
worthing), the whole being The identificption
of ¢ores and of pairs should 8 th Clause 10.26.

la 6\33}n; ding type (i) (textile braid).
Section 7 - Sp@&;fl ation>Qf shgd-cambric~insulated cables,
55 - Céﬁigégf;;ﬂgigéi:Eﬁ;\héj?or rated voltage 1100 V.

e Clause 10.00, ‘formation in accordance
with Table 10.V, Page 61)
onductor ofgcross~sect105al area not exeeeding
ately 1000 mm“ (or 1.6 in.” or 2,000,000 [circ,
or

ce tWo cores ape

10

-

w45
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In eve
2 mme

two, three or four cores of round or segmental formation
and of cross~sectional area not exceeding approximately
%25 mm® (0.5 1n.2 or 650 000 circ.mil,).

ry instance the cross-gectional area should be not less than
(or 0.00% in.2 or 4 000 circ.mil.).

(b) Insulation: (Clause 10.11)
Minimuam thickness on each conductor.

(pl) in accordance with Table 10.X-a, Page 66 for single-core

he
1f the

cables and for multicore cables without common belt of insulation.

(b2) half of the values given in Table X-b, Page 66 for multi-
core cables with common belt of insulation,

[N

Minimum thickness ol common belt of insulation T 1
difference between the values given in Table 10,X-a, P
values| given in Table 10,X~b, Page 606,

(¢) Cabling of cores (Clausesl10,24 and

Identification of cores in accordancewith Cl-xs-
worminlg in accordance with Clause 10,27;

wrappi
in acc

ng (with or without separator at the
ordance with Clause 10,28,

(a) Protective sheath.
The following type

these Recommendations (the typ
# x (ii) - (dv) - = = (v) - (vi) ~ % % (viii) - (ix)
of Clapse 10, 30=~-d.
10.%6 |- Cables fqg;§;;;5\ﬁg;;;§\a
‘and 6600

The desj
in Clause 10
insulaftion (at &he

ness of insu

Seetio

bles) 10.X~c and 10,X-d, Page 66,

h 8- Spacification for mineral-insulated cables.

10. 374

/\b;gle orif;xed wiring for operating voltage up to 660 V.

NN\ N
Single~core cables.
ese cables should be composed of a S1ngle copper yt

a laye
copper

equal

er)

ion of

ire,

-alloy pTOV1ded w1th addltional protectlon, 1f necessary. For
standard dimensions see Table 10.XVI, Page T2.

(b) Multi-core cables,

These cables consist of 2, 3 or more copper wires of

cross-sectional areas, which are straight and parallel, em-

bedded in mineral insulation and forming a cylindrical whole within

a protective sheath, of copper or copPer-alloy, with additional
protection, if necessary. For standard dimensions see Table 10,XVI,
Page 72.

~46Ow
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Section 9 - (eneral recommendations for tests,

10.38 ~ Object and place of test. The tests specified in the present
Chapter should be carried out solely on the finished cables, that is
to say, they are tests on complete lengths ready for dispatch or,
alternatively, tests on samples removed from lengths selected at
random,

In general, the tests should be carried out at the manufacturer's
works and the manufacturer should maske available the necessary
equipment,

10,79 -~ Batches, It is assumed in this Chapter that the cables
forming a consigmment are divided into batches of not more than 50
lengths, Bach bateh should consist solely of cables of the same
cross-sectional area and the same type. Nevertheless, when a
consignment includes several batches containing less thair 3Q lengths,
the |[inspecting engineer can include in the same batch s £
difflerent cross-sectional areas.

The [number of tests which are recommended for cach<{batck i E;n
the |[following sections of -this chapter,

10,40 - Repetition of tests, When the resu ] e test

for [a bateh is unsatisfactory, the same test e id X epeated ¢n
twide the number of lengths tested previdusly, . gths now
testled being different from those firs chogen, i ult
is then not satisfactory, the compl ~ ‘ ot
in eonformity with these R io

SecHion 10 = Manufaoturing contr

A general ex atian fo the conformity of the
wfack eménté given in Sections 2 -8
ed

a certain number of len;ths

10.41 - General,
cablles with the ma
of this chapter st »
as determined & g gineer, In addition, the dim
iong ngtl , O each bateh should be checked 1

NG

accdrdanc o0f the present section.
As the ends & ay sustain damage, it is admissible to
cut [off a £ he caple end before taking samples for tests,

10, 4
ors
Clay
The
be ¢

e actual cross-sectlonal areas of the conquct=-
v a measurement of electrical resistance (see

3

and the regularity of the stranding should also

10.4% = Rubber inasulation The thickness of the rubber insuilation
should be determined as the mean of 12 measurements carried out on
two samples selected at least 0.5 m or 1 £+, from each other, On
each sample 6 measurements should be carried out at points spaced
60° apart, including the point where the thickness appears to be the
least.

The mean thickness thus determined should be not less than the
specified thickness, In addition, the least thickness measured at
any point should not fall below the specified thickness by more than
10 per cent plus 0,1 mm {or 0,00%9 in.).

The measurements should be carried out by a measuring microscope or
other equivalent optical means, ‘

NOTE: For further details see C.E.E, Publication No., 2 (Clause 7).

47
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10,44 - Varnished-cambric insulation, The thickness of the varnished-
cambric layer should be determined in at least two different positions
at least 0.3 m (or 1 ft.) apart,

In each position a sample of conductor about 12 em (or 5 in.) long
should be taken, The varnished-cambric tapes (with the exception of
the separator, if any) should be removed and the thickness of each
layer should be measured by micrometer, The thickness of the layers
applied to each sample should be added so that two values of thickness
of insulation are obtained, The lower value should be not less than
that specified in Table 10.X, Page 60,

Alternatively the thickness of insulation may be determined by
bunching together individual strips of varnished-cambric tape re-
moved from the finished cable and measurlng the total thlckness with

led

varni
in the measurement The faces of the micrometer shoyl gd
betwgen successive measurements,

The nmlerometer may be any form of brecision dea--wei.;‘ 15.0%

capalle of gauging the thickness of a number ¢ atad tap up
to a |possible total thickness of 6.35 mm (ord0.25 \NnNh

strugent error not exceeding + 0,005 mm (00,0 3 é 131 0w-
meten should be provided with two paral. ; } ch
the tapes may be placed for measurement. L be
able ¢

fixed and

have
The 4§ e pressure foot
shoul 5 The faces should
be cd nd par mm (or 0,0001 in,) ovegr
the pa ' T &) Poot >should exert a steady prgs-
sure / '

For n i ] are found for each core and two
valug ] v The sum of these
mini

tion
igd
aced

7€)

should.be meastred by means of an optical micrometer, measuring
microscope, or OTher equivalent optical means,

For single-core cables, the thickness of each sample, across the
smoothed cross-section, should be measured radially at the point
where it is smallest, and in additiocn, two other radial measurements
should be made at 120° on either side.

For twin and multi-core cables the shortest distance between two
ad jacent conductors should be measured,

The mean thickness should be not less than the specified value and.
the thickness at any point should not fall below the specified value
by more than 10 %.

w4 Bua
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10.46 ~ Lead or lead-alloy sheath. The actual mean thickness of the

sheath should be determined as the mean of 8 measurements carried

out on two samples taken from points at least 0.7 m (or 1 ft.) abart.
Four measurements should be carried out on each sample at equidistant
points, including the point where the thickness appears to be least.

The mean thickness thus determined should be not less than the

specified thickness. In addition, the least thickness measured

should not fall below the specified thickness by more than 10 % +
0.125 mm (or 0,005 in.).

10,47 - Polychloroprene, rubber. Two samples of the sheath should
be taken from two points at least 30 em (or 1 ft.) apart, and should
be cut perpendicularly to the axis of the sheath after the removal
of the cores. By means of a measuring microscope the radial thicke
ness in the directlons where the sheath is thinnest are determined

(corresponding to the points where the insulated core is embedded in
the sheath)

The number of measurements should thus be equal to th
coreg, subject to a maximum of six measurements.
applied over a single core or over a lead sheath,
shoulld be made,

2>is

The mean of the results of the measurements
actual mean thickness of the sheath and he
specified thickness, 5 ed
at any point should not fall below the \sp i 1ok e
than|15 % plus 0.1 mm (or 0.003%9 i

The method indicated above
thickness of the insulating b

10,48 - Copper sheath. 5 ; , loy
sheath should be i} 1@\ k sr “indicated in Clause 10,45
for fhe thickness i in tidn/of single-core cables.

The mean thick slfould comply with the specifiled
mean| thick ) within the tolerances given,
In agditio % i s measured should not fall below tfhe
thickness spegdified\by W

10, 4D - Exégghal diameter of cable, The actual diameter should |be

meas icxometer\or calculated from measurements of the exflernal
circpnf £\the\gédble carried out at three different points,| 1 m
(or another, The mean of the three results shoyld not

diff] cified diameter by more than 5 % + 0.5 mm (or |0.02 in,).
For 8d cables, however, the tolerance is 5 % + 1,0 mm (or ¢,039 in.).
The of mineral insulated cables should be not less thgn
thos poropriate tables

Section 11 = Electrical tests.

10,50 ~ General. The electrical tests specified 1n Clauses 10.51

to 10.53% should be carried out on all complete lengths of finished
cables. (Tests applicable to unfinished cables, for example, on

insulated cores before they are cabled, are not specified in these
Recommendations),

10.51 - Measurements of resistance of conductors.

(a) The resistance of each conductor should be measured on
all complete lengths, The values obtalned corrected to 20 ©C should
be not greater than the specified resistance of the conductor
concerned,

~40.
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If B ohms is the resistance of a copper conductor {(tinned or plain)
at a temperature of T ©C, the resistance RQO of the same conductor
at 20 OC is obtained by applying the formula :

Rog / Rp = 254,45/ (234,45 + T),

(b) When the cross-sectional area of the conductor is specified
instead of its electrical resistance, the specified resistance should
be calculated by dividing the following standard resistivities by the
cross~sectional area specified. When the formation of the conductor
(number and diameter of wires) is specified instead of the cross-
sectional area the specified cross-sectional area should be considered
as the sum of the calculated cross-sectional areas of the wires
forming the conductors.

To determine the specified resistance (expressed in ohm
metre|of the finished cable and corrected to 20 OC)
coefficients should be divided by the actual cross-
(expré¢ssed in mm)

//\\\
Standard resistivities of copper co x'\\i\ \\//
(see 10.52(b)) s\
Type of conductor Type of cabl \\\\\Qggber .
/3;7 f\( inned or plain)
U)\} 17.86

e

Conductors for
Pixed wiring =~ .« e NN

(Table 10.V) 18,18
N
10.52| - High-voltage \testey Q

(a)

( The sl g specified in this clause should be
carri A single=phase alternating voltage
of wvi . m (of fregquency between 25 and 60
cycle 8 ¥4 be/used or, alternatively, a d.c. voltage.
The p d R the test equipment should be sufficient to
maintail e cable the specified value of test voltage
and E responding dharging current.

Y \Thevalues of voltage indicated in this clause are [r.im. 8.
value if the tests are carried out with d.c,, the stated
value .

(i11) The voltage test may be made without immersion in water
on twin and multi-core cables of all types and on single«core lead-
sheathed cables. For this test the voltage should be maintained for
15 minutes and should be applied between conductors, and for metal=-
sheathed cables between conductor(s) and earth. Where specially
required, tough-rubber-sheathed cables, polychloroprene-sheathed
cables and mineral-insulated copper-sheathed cables may be tested in
water after at least 6 hours immersion,when a test should be made between
each conductor and the water, to which the other conductors and metal
parts of the cable should be.bonded.

=50
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()

Test voltages and time of application.

Each insulated core should sustain for 15 minutes the
following values of test voltage (r.m.s. values exPressed in volts):

TablelO.IX

Rated voltage | . Type of insulation
of Rubber Varnished “Mineral
cable (Table 10.VI  Page 62) cambric (Table XVIL,Paze 72)
10.VII " 6%) | (Table 10.X,Page 00O)
" 0,VIII " 6h)
1 10, IX 11 6})
(volts) (volts) (volts) s (volts)
110 1,000% - J:)OO
250 1,500 \ 2,500
660 2,500 -
1,100 3, 500 -
2, 200 10,000 -
6,600 16,000

ffor rated
the first
direct int

10,53 ~ Mg

erpolation,

column of the Laole, t

c uesdindicated in
shaad, o cdlceulated by

fnsulation registance

should be
voltage ts
carrled oyt
bonded to
voltage tg
and 600 vq:

The valued
of one km
in the Tajy

To correc
temPeratuy
chosen by
engineer.

agp

ment\between the manufacturer and the insbecting

Yy after the high-
The\measurement should be
hers, which should be

o the water (if the high
Fter a d,c. voltage between 400

{ temperature of 20 °C and a length
not less than the values specified

irfsulation resistance measured at another
should be made of an appropriate coefficilent

Section 12 - Tests of phy

sical characteristics of insulation,

10.54 ~ General,

The samples for these tests should be removed from

a single length of finished cable for each batch (unless Clause 10,40
The length of the samples should be sufTicient for test

applies).’

pleces to be made in accordance with the following

clauses,

-51~
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10,55 - Rubber insulation.

(a) Selection of samples
The mechanical properties of the insulation should be
determined with and without accelerated aging in accordance with
paragraphs (d) and (e) below.

The tests should be carried out on samples from which the sheath,

if any, has been removed. The samples should be at least 10 cm

long and should be taken in at least three places, a, b and ¢, at least
0.3 m (or 1 £t,) from one another.

The ples
of 5 of
cro

The n
taken, as follows :

al a2 a3 a4 a5 ab)
bl b2 b3 b4 b5 b6) or
el ¢2 ¢3 ch4 c5 cb)

AL
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Table 10.IIT

Insulation resistance
of rubber-=insulated cables

Minimum insulation

cross~sectional area of conductor resistance at 20 °C
exceeding not exceeding

megohm megohm megohn

mme ino2 circ. mme in.2 cire, per per per
mil mil km 1000 yds., 1000 ft.

250 Vepgrade cables ! /N

1| 0.0016 2.000 30,0046 6.000 :%Xx 1850

3| 0.0046 6.000 9 0,014 18.000 |3 0 1250

9| 0.014 18.000 20 0,031 40,0 40 7 1100

20| 0.0%1 40. 000 50 0,062 80, o*\sl\ 0 1000

660 Vegrade cabl

1| 0,0016 2.000 i 50 800 2500

4| 0,0062 8.000 4 450 1350
20| 0,031 40.000 > 350 %80 1150
4o| 0,062 80. 000 300 330 1000
70| 0.11 140. 000 250 280 830
160| 0.25 320. 000 230 250 750
35| 0,49 215 230 700
480| 0,74 185 200 610

AN

t exceed 110 V., to earth

0.5 0,0026 3s5 TOO 760 2300

33500 V;grade propulsion cables

25 50 0.,0078 100.000 { 580 620 1900
50 120 0.19 240.000 | 420 460 1380
120 255 0,40 510.000 | 300 330 980
255 80 0.75 960.000 | 260 280 850
480 650 1,00 1300.000 | 230 240 750

6600 V-grade propulsion cables

25 0,039 50.000 50 0,078 100.000 | 750 820 2460
50 0,078 100,000 120 0,19 240.000 | 550 600 1800
120 0.19 240. 000 255 0,40 510.000 | 400 440 1310
255 0,40 510.000 450 0,70 900.000 | 320 350 1050
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of varnished-cambric-insulated cables

Table 10, IV

Insulation resistance

Crosg«sectional area of conductor

Minimum insulation
resistance at 20 °C

exceeding not exceeding
megohm  megohm me gohm
mme ino2 circ, mme in, 2 circ, per per per
mil mil km 1000 yds. 1000 ft.
|
for 1100 V-grade cables
- - 10 0016 20000 380
10 0.p16 20. 000 4o 0,062 80. 000 214
4o 0.p62 80.000 125 0,19 250. 000 130G
125 0,019 250. 000 200 0,31 400.000 110
200 0.pl 100. 000 630 0,98 1250.000 100
for 3300 V=grade
10 0.p16 20.000 40 0,062 % 140 425
4o 0.D62 80,000 100 0.16 0 100 205
100 0.6 200. 000 200 31 65 TO- 215
200 0.pl 400,000 400 O, 50 55 165
400 0.p2 800.000 630 40 45 170
20 0O, 165 180 540
4o 0O, 200. 000 120 130 400
100 O. 400 . 000 90 100 205
200 O, 800. 000 65 70 215
hoo o, .98 1.260. 000 55 60 180
The sam should be subject to the tension test
in acco numbered 1 and 4 to the tests in accordgnce
with d< d % and 6 to the tests in accordance with 4,
103 55 -
(b) Preparation of test pieces and determination of theix

cross~sectional area,

For the purpose of the tensile test the conductor and any interme-
diate covering should be withdrawn from the sample without damage
to the insulation. ‘

If the removal of the conductor is difficult, the conductor should
be stretched in a tensile test machine, or ther sample should be
immersed in mercury until the insulatlion becomes loose,

The cross-sectional area of the samples should be determined as follows.

Bl
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1. For conductors of cross-sectional area not exceeding
25 mmg, the cross-sectional area Q of the rubber insulation should
be determined from the formula :

Q =" (a+ 1)i
where
i represents the mean thickness of the Insulation measured as shown
in Clause 10.4% in the test pieces submitted to the tensile tests.

d is the diameter of the conductor measured by micrometer dial in-
dicator, or measuring microscope. Where the conductor is stranded,
d 1is the overall diameter. If there is an intermediate covering
(separator) between the conductor and rubber insulation, d dis the
diameter measured over the intermediate covering.

tes]
coTd
The
frol
obtained from the test strips submitte

(¢) Tensile test /and Liﬁ;;}n

The tensile shoul be\quzizd out, if possible, at
20 + 2 °C, the test strips being Kept. gt thistemperature for ap
leapt one hour before the tést.

In the middle of Athe C tuge arks should be made 20 min

apart. The test be p ed in the tensile test maphine
so that the leng Nhil ¢ 1 t lgast 50 mm,

The| speed 3 ; machine should be approximately. 30
cm/hin, ‘ i

The »fermined by a measurement of the disthnce
bet ark's at rupture. The mean of the values

obt t less than :

; 2
m= (1000 1b/in., ) for the tensile strength
for the elongation,

Aging in air.
A test of accelerated aging should be carried oull in an
atmosphere having the composition and pressure of the ambient air.

The test pieces with their conductors should be suspended freely in

a hot-air oven ventilated by convection.

The test pieces should be kept at a temPerature of 80 + 2 °C for

7 x 24 hours. Immediately after these 168 hours they should be
withdrawn and left at ambient air temperature for 16 hours at least,
Then the test pieces should be prepared and submitted to the
measurements of cross-sectional area and to the tension tests
deseribed in (c).

The mean of the values obtained should be not less than

70 kg/om® (1000 1b/in.2) for the tension strength
250 % for the elongation.

w55
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In addition, the difference between the mean values of tensile

strength and elongation obtained before and after accelerated
aging should not differ by more than :-

i_BO% of the mean value before aging for stranded cables
+ 25% for other cables,

If a tension test is not carried out at an ambient temperature of
20 + 2 °C, and if one of the deviations of + 25% or + 30% shown
above is exceeded, the tensile test without aging should be repeated
at exactly the same ambient temperature as that carried out with
accelerated aging,

It is recommended that an electrically heated oven should be used.
The measurement of the temperature can be made by thermometer, The
ventilation by patural convection can be obtained by means ©fholes
in the|walls of the oven. ’

(e) Aging in 6xygen.
A test of accelerated aging should
atmospPhere of oxygen under pressure,

ely
¥ other
manations pf

The san
in an (
and so
another

The toi
the eff
commerq
of 21 A

(V)

The sa
1 °C £q
left aj
hours.
CrOSS~=§

he

c).

In add] oth
and el 0t
differ

+ 30 % of the mean value before aging, for stranded cables
+ 25 % for other cables,

If a tensile test is not carried out at an ambient . temperature of "~
+ 2°C and if the above mentioned limit of 30 or 25 % is exceeded,
the tensile test without accelerated aging should be repeated at
exactly the same temperature as the tensile test with aging.

The manipulation of the oxygen bomb presents a certain danger.
Every Precaution should be taken to avoid the risk of explosion due
to sudden oxidation.

L3y 3
=56
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10,56 ~ Varnished-cambric insulations

(a) Bending test and checking of thickness of tapes.
After the varnished cambric has been carefully removed

from the cable, it should be capable of being bent back through
180° without splits becoming visible to the naked eye. In order
to test this, the tape should be placed on a plane surface and bent;
a strip of metal %0 mm wide and 2 mm thick, long enough to cover the
fold completely and loaded with s weight of 50 grammes, should be
placed over the fold,

The metal should be left for 5 minutes in this position and then
removed, when the tape should be straightened and examined, In
addition, the constancy of the thickness of the tape should be

2 & = < O e 5 T @ p f e . 1.1e=d .

verif adequate neth U
axbric
tape
The ]
oven re
of 1l
The ] it
at af e
Lent tetal band %.2 mm| (or
0.12 ple being sharply pent,
one } ransversely.
The 1 splits visible to the
nake
nished cable about 0.3 m (or 1 ft.) fn
leng . ically in an oven and kept at a
temp NFord8 holrs.
The ound \sbkould /not drip from the insulation,
10,5
4
g samples removed from two places at least 0.3 metre
should be bent alternately in one dirvection and fin
ameter

the cable for single-core cables, and 25 times the diameter for multi-
core cables,

The samples should then be submitted to a dielectric test in
accordance with Clause 10.53, the time of application of the
voltage being limited to five minutes, and the test voltage to
2000 V, »

The protective sheath should reveal no split, crack, flaw or abnormal
deformation,” During the application of the voltage, no flash-

over should be observed between conductors or beitween conductors

and sheath.

<57
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10,57 (b) Flattening test.

Two samples approximately 20 em {(or 8 in,) in length,
removed from two Places at least 0.3 metre (or 1 ft.) apart, should
be flattened by being hammered on an anvil until the thickness of
the hammered portion is 2/3 of the external diameter of the cable
before the test, The steel anvil should be flat and the hammer
should have rounded edges and should be of a weight of about 2 kg
(or 4,1/2 1b.).

The sampbles should then be submitted to a dielectric test in
accordance with Clause 10,52, the time of application of the
voltage being limited to five minutes, and the test volbtage to 1000 V,

(¢) Test for fittings for mineral insulated cables.
The special fittings which should be provided~for
mineral-insulated cables at both ends should satisfy th folld%;sf

test |3

A sanmple of cable should be provided with a fitting

One of the ends should be left at atmospheric pruasu“ )
immersed in a closed container filled with wgt?

the fitting should be maintained at 1 kg-weigh

1b/1in.2) above atmosphere for 15 minutes,” Af
samplle should be submitted to a measurenient~of
in adeordance with Clause 10,53, and g :

? T
cordanece with Clause 10.52, ] k J_on f the voltagd
d\the (test{vortage toe 1500 V,

being limited to five minute
Durin A ; , : khould be observed betwegn
the ¢ 5

ce

Secti 13 - £ J stics of protective sheath.

10,54 ~ General.,
a single 1

10.4Q is ap
to erable te
claus

om

igient

a2

10,59

NOTES

in,) long, removed from three plaoes, as by, C, spacedAat least 0'3 m
(or 1 ft.) apart. Three samples should be taken at each place,
The samples should be marked

al az a3

bl b2 h3
cl c2 ¢3
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The samples numbered 2 should be submitted to the tension test in

accordance with (c), those numbered 1 should be submitted to the

test in accordance with (d), and those numbered 3 should be submitted

to the test in accordance with (e).

When the sheath is composed of a single layer, the samples should be

cut parallel to the lay of one of the cores, If the sheath is composed
of two layers, the outer layer should be cut parallel to the webs, and
the internal layer should be detached; the latter should be cut paral-
lel to the lay of one of the cores, The cores should be withdrawn
from the sheath. If necessary, the samples should be ground with a
suitable machine so that two plane parallel surfaces are obtained.

It is recommended that the grinding should be carried out with care
borundum of hardness between those denoted by the letter and P in

N\

segtional area,

From each end of the samplexre est pi
punghed in the form of a band in the shgpe C.E.E.
Publlication No, 2 (or, if this is not & re 2),
In the case of a sheath with two layers, i oculd be
prepared for the two layers
The| thickness of the sampl & sured /by means of a mi
metpr or the equivalent at a Rressu e : ayers between 60

100| g/cm® (or 0,85 and 1.4 Ab/in.2

(c) Tehsile test and \Lihiting values without aging,

with 10.56(c).
Publlication No,

apart an piece left free in the machine
be 5 mm
The ained should be not less than s

150 for the tensile strength of type D

compound g
70 {n,2) for the tensile strength of type C
4 compound. 3

for the elongation.

a¥e!
LIt

out in accordance with Clause 10.55=d. The
be submitited to the tensile test described in Clause 10,.55-c.

the[Norton scale, The peripheral . speed should be 2 Ses, ap-
prokimately (or 80 ft./sec.), the Pressure being regulateg~so t
undpie heating of the test piece is avoided.,

(b) Preparation of test bieces and measuremsi of orokse

should be carried out in accorda
e

in the form of Figure 2 of C,
e gauge marks should be made 10 mm

gces are

Cro-=
and

nce
50 Eo

(or 0.4 in,)
should

test pieces should

ried
then

The variation of tensile strength and elongation in relation to the
values obtained on the samples not submitted to accelerated aging
should not exceed + 30 % of those values, In addition, the elongation

after aging should be not less than 200 %.

(e) Aging in oxygen,

Aging should be carried out in'aceordanee with Clause
10,55(e), following by the tensile test in accordance with Clause

10,55(c)

The results should be in accordance with the provision of (d) above.

=50=
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10,60 - Polychloroprene sheath.

(a) Tensile test with and without aging in air or oxygen.
All the provisions of Clause 10,59 apply equally to poly=-
chloroprene sheaths, with the exception of the following s

limiting values of tensile strength

70 kg/em® (or 1000 1b./in.2) for type A compound
125 kg/em? (or 1800 1b./in.2) for type B compound

limiting values of elongation, type A or type B compound

240 % before aging and 200 % after aging;

maximum variation permissible after aging

+30 % in every fustan

&

wB0w
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Table l0.V

Dimensions of conductors for fixed wiring

Nominal cross-sectional area Minimum
: e e ek

xeeeding , not ex%eedimz of

mme ne | Cir.mil e e CIv, Wi Wires
1 2 3 4 5 7
% x * 2 | oa0031< \)Q\>\ 1
? 0.0031 | 4.000 16 0.925 7
16 0.025 %2.000 63 0,10 19

6% 0,10 "133, 000

g 200 \ 33@ .
200 0.31 400, 000 > 02530 . 61
31% 0,50 630. 000 é 1000. 000 o1
00

i/

78
500 | 0,78 @o{@m\ Y> 1.55 2000.000 | . 127

N

eckionadmissible: 1 mm® or 0,0016 in2 or

L
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Table l0,VI

Thickness of rubber insulation for cables
rated at 250 V,

Nominal cross=sectional area of conductor Minimum average
thickness
exceeding not exceeding of insulation
mm= in? cir.mil | mm@| in® | cir,mil | mm mils 64ths in.
1 2 3 4 5 6 7 8 9

(10,VIa) - for lead~sheathed cables when the insulation is not taped.

.VIb) - for lead-sheathed cables

VIec) - for cables with(ggnémaﬁa

L
0.0016! 2.000 | 9 l0.,01% | 18.000 | 1.0 n 25%;
0,014 | 18,000 | 20 (0,031 | 40.000 | 1,2 .2 (: ’
0.0%1 | 40,000 | 4o (0,062 | 80.000 | 1.4 \ \\gxg\
0,062 | 80.000 | = | - ;

0.0016| 2,000 3 10,0046
0,0046| 6,000 9 {0,014
0,014 | 18.000 | 16 {0,025
0,025 | 32.000 | 20°NQ.0
0,031 | 40.000 lé:: 0

0,062 | 80,000 N~

(10 15,

1 0.0016 :Bb;% 000 | 0,8 | 71,5 | 2,0

3 0,004 » 014 18.000 0.9 5.4 2.2

9 0,014 0.925 32,000 1.0 39, 4 2.5
16 q‘zg : 1o, 0%1 | 20.000 | 1,1 | 43.4 | 2,8
20 0.0 ;90062 80.000 | 1.4 | 55.1 )
40 0. - - XK | KX XK
x 3§ For d‘:;béggbf cross-sectional areas exceeding 40 mm2 ¢r

4 0 2\or 80000 cir.mils, 660 V-grade cables should be |used

b 0.VII, Page 63).

NOTE: :;;;i§;>protected by a metal braid or armcur should be

considered as metallic-sheathned c 5 U

or armour is over a non-metallic sheath,

Textile braid or bedding cannct be considered as a none
metallic sheath for the purpose of Table 10.VIe, Page 62,

=62
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Table 10, VII

Thickness of rubber insulation for cables
rated at 660 V,

Nominal cross-sectional area of conductor Minimum average
- thickness
exceeding o pok exeeeding of insulation
p— in® eir.mil e in® cir,mil| mm mils | 6G4ths in,
1 2 % 4 5 6 7 ,é%\\ 9

(10.,VIIa) - for conductors having additional insulation(“iéxdgiggé\shéath +

1 0,0016 2.000 3 G20
3 0.0046 6.000 9 a5
9 0,014 18.000 20 3.0
20 0.031 40.000 40 3.5
40 0,062 80.000 95 4.0
95 0.147 190.000 | 150 n5
150 0.2%2 300,000 | 185 5,0
185 0.287 2%65.000 | 2 He 5
240 (10,372 | 475.000 | 300 : d .0
%00 0. 465 600.000 , . 2 102 8.5
400 0,620 800.000 3 SN } 110 7.0
ade_g;%;e except the above type

(10.VIIn) - for allitypes O

1 0.003 \égzzfé;bjl 40.000] 14 | 55.1] 35
20 0,03 40\| 0,062 | 80,000 1,6 | 630 H.0
40 0,062 0,11 | 140.000| 1,8 | 70.9| 4.5
70 0.11 1297 {0,19 | 240.000| 2,0 | 78.7| 4.0

120 Q. 0 10,25 | 320.000| 2,2 | 86.6| H.5
160 <2 255 |0,40 | 510.000| 2,5 | 98.4| 6.3
255 |00 315 |0.49 | 630.000| 2,8 | 110 7.1
315 4|09\ 180 0,74 | 960.000| 3,1 | 122 7.8
480 \e\z\\\:>> 800 [1.24 |1600.000{ 3,4 | 134" 8.6

<+

accordance with Table 10,IX, Page 65,

NOTE: The thicknesses given in Table 10.VII, Page 63, are valid for
insulation with or without tape and whatever type of protective
sheath is used,

63w
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Table 10.VIII

Thickness of rubber insulation for
Cables for Propulsion and for Communications

Nominal cross-sectional area of conductor

Minimum average

ape, and whatever type of protective sheath is

thickness
exceeding not exceeding of insulation
5 ‘
mm 1n® circ,mil = 1n® circemil mm mils | 64ths in,
1 ) 3 i 5 6 7 8 9
(10.VIITa)| - cables for internal communication operating,ab<§§it§g;;\ngt
exceeding 110 V, to earth \\\ Vﬁ\\\\\
0,5 0.00078 1.000 1,7 |0.0026 .5 0y 1.5 2.0
(10.VIIIb)| - propulsion cables rated at 5300
(systems with neutral insulated
25 0. 3,5 33 8.8
(10.VIIIc)
25 0. 540 197 12,6
NOTE: ven in Table 10.VIII, Page 64 are valid for ipjsulation

used.

w6l
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Table 10,IX

Thickness of additiconal belt of insulation
for 660~V cables having reduced thickness
of insulation on individual cores.

{Table 10.VIIa, Page631ﬁand‘clause 10.10).

Minimum average

[ thickness.

Diame¢ter below insulating rubber sheath of insylating el
eV

exceeding not exceeding \ \\
mm ‘ in mm g in mm SN 6ffths in
. 1 a o 5 4 { N N . | 7

- - 5 8 31.5 2.0

17 0.67 _ 35.4 2.2
21 10.83 39. 4 2.5
35 1.34 5541 3.5
s ' 1.7 70.9 4,5

<

65~
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Table10.X

Thickness of varnished cambric insulation

Nominal cross-sectional area of conductor

et e ettt e — Thickness
_ ... SG¥eeeding | ot exceeding |
mme in® cir.mil - in® cir.mil mm mils |64ths in.
1 2 3 4 5 6 7 8 9
(10.%a) - 1100 V-grade cables (neutral insulated) : m@nu
thicknesses between conductor and sheath (ea‘x:ﬁq) '

4 0.0062 8.000 125 0,19 ) 3.5
125 0.19 250. 000 200 0.3L 3.8
200 0.3%1 400,000 325 0.50 4.4
325 0,50 650, 000 500 0.77 5.0
500 0.77 800.000 0. 98< 90,6 5.8
(10. }"b) - 1100 V-grade cablé\eu ral \ins a@d)

thickness between condudtoxrs ‘

4 250.200 | 1,75 |68.9 44
125 400,000 240 78.7 5.0
200 650.000 | 2,3 [90.6 5.8
325 800.000| 2,3 |90.6 5.8
500 1250.000 | 2,5 |98.4 6.3
(10.] (neutral insulated)*

10 630 | 0.98 ‘ 1250.000 | 343 | 130 8,3
(lO.< rade cables (neutral insulated)*
20 0.0 40,700 l 630 } 0.98 i 1250.000 4.6 181 11.6

* Minimum thicknesses between conductors and between conductors
and earth.

-66-
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Table 10, XI

Thickness of sheath for lead-, lead-alloy,
polychloroprene- or rubber sheathed cable
for fixed wiring, having composite sheath,*

Calculated internal diameter of sheath

Minimum average

thickness

exceeding

not exceeding

6hths in.

N

L] - » L
WOWON\NO &

s & o & &

MOV EHEHEOOOOCO
NFEPNDO OO IUTW D

o e

e o & B

Q

L

& o o

O\@UT\)‘IU-I:‘-P-‘;P\N\)J\N\NI\)I\) ~

3 © e

-
WO oouUt © WO ouiut © .ol

wiring when the sheath is a
a composite Protective sheath
dath plus armour®, but not "sheath plu

given are valid as "minimum average valug
e tests and tolerances indicated in :

S

~O7=
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Table I0,XIT

Thickness of lead-alloy, Polychloroprene or
rubber sheath for cables for fixed wiring,
having a single sheath,

Calculated internal diameter of sheath Thickqg&s\
[
eatl
exceeding not exceeding (/\\ X::\\\
mm in N.s \\E%§£§ in.
1 2 T
SONN
- - %9, 245
6 0,24 2.0
12 0.47 >5‘"> 1 %45
20 0.79 74,8 4.8
25 0.98 90,6 53
22 1.3 98, 4 643
38 1.5 110 oL
44 1.7 118 76
57 2,2 130 843
70 208 [\ 138 808
NOTE ¢ in the table apply to all types
irting when the sheath is the scle
. le; (The sheath is also considered
brotection when accompanied by a textile
4
egses given in the table are valid as minimum
alues according to the tests and tolerances
Clause 10,46 for lead or lead-alloy sheath
Clause 10,47 for polychloroprene or rubber sheath.
* For varnished-cambric-insulated cables these thicknesses are

valid as "minimum values" without tolerances,

~68-
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Diameter of wires forming protective

Table 10, XIIT

metal braid

Calculated diameter under braid

Nominal diamet

[oXA Wll"e("{\

egceeding not exceeding 3 N\

mm in mm in mm 3L

1 2 15 |5 AN
= N N\ X7
- - 10 0,79 2 \\\\\E>9

10 0,39 25 0,98 <: 0, 11,8

25 0.98 N ﬂ /7 o@ 15,7

¥  Tolprance: + o ;iii:iii\i;:>

N\

9,

69
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T able l0o,XIV

Diameter of steel wires for armour

Calculated diameter of cable Minimum Minimum
excluding bedding diameter of thickness of
steel wires steel wires
exceeding not exceeding (round wires) /Lﬁlgﬁtened wires)

mm in mm in mm in A& in
1 2 3 4 5 6A§K 8

B N
- had 1295 1 0047 N » Oo 039

12,5 0.49 | 20 0.9%59 .2 0,047
20 0,79 | 30 0 1,4 0.055
%0 1.2 57 8 1,8 0,071
57 2,25 - 0.126 1,8 0.071
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Tablel0,XV

Thickness_of steel tape for armour

Calculated diameter of cable Nominal thickness of
excluding bedding each tape *
exceeding not exceeding

mm in mm in mm /\& mi}s\\

1 2 3 b 5
30 1,2 45 1.8 N 19,7
45 1.8 70 2.8 1.5

8~

-

-71l=
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Table10,XVI

Mineral-insulated cables for fixed wiring
for power and lighting

Conductor Nominal Sheath External |Tolerance
Nominal Actual Nominal thickness Tolerance | diameter on
Cross-— CrossS=- diameter of Mean on mean of external
section section insulant thickness | thickness | cable diameter

1 2 3 4 5 6 7 8
mme mm? mm mm mm mm mm i
N e - Single-core cables
1 1,83 12 145 6+6
2 2,01 1,6 1,45 0,65
a2 ZolLY 2 1,45 0,65
5 hop1 2,5 1,45 C.'f
8 7,9 3,15 1,45 0,7
10 9,89 2555 1,45 0,7
12,5 12,p7 4 1,45 0,7
16 15,p0 4,5 1,45 0.7
20 19,63 5 1,45 0,7
25 24,63 5,6 155 0
32 BAL,0LT 6,3 1.6 0
4o 29.p9 Ts1 1,6 O
50 50,R7 8 1.7 1
63 6302 9 1,7
80 78, bl 10 1,8
100 98,p2 11 1,9
125 122,72 12
150 15%,P4 14
1
2
3,2
5
8
. \\vé;core cables
1 1,45 0,8 8.7
2 1,45 0,85 9,6
B2 1,45 0,9 =0 10,6 4+ 0,4
5 1,45 1 =0,2 11,8 + O
8 | 7nw T 315 | L5 1 115 3.9
_________________________ e H=cOPe cables
1 1,13 1,2 1,45 0,85 : 9.5
2 2,01 1,6 145 0,9 =0 10,6 + 0,4
B2 2,14 2 1.5 1 =0,2 12,1 + 0
5 4,91 2,5 1,5 1,1 13,5
,,,,,,, e [=gOTE cables
1 1,13 1.2 1,45 0,95 =0 11,3 + 0,4
2 2,01 /1.6 1,45 1,05 «0e2 12,7 + 0

=T 2m
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CHAPTER 11

THE INSTALLING OF CABLES

NOTE: This chapter is not unanimously approved, but is published
for guidance,
Redrafting of this chapter is under consideration.

11,0l ~ Choice of type of cable.

(a) The cables for fixed installations for power and lighting
should be chosen from those described in Clauses 10,30, lO 3L, 10.35 and
10.37.

should
is ant

situat
compar]
Presen
irresH
types |2

be mefal=-armoured (ge& Clau
11,02 [- Current ﬁétin y ngs
for cdntinuoysg seérvice ifferent types of cable permitted in
the presentm enda icated in appended Tables 11.IV
Page 41, 11, .

Continuous sk&rvic uld _be /taken to mean any service carried on
for a ater than

15 mi cables of nominal cross-section less than 20 mme
(or 0 circ.mils)

(or 0J0%/4n2) but less than 80 mm2 (or C,124 in2 or 158000 circ.mils).
2

2 hours for cables of nominal cross-section not less than 80 mm
(or 0.124 in® or 158000 circ.mils).

11.0% - Correction factors for current ratings at different cooling.
air temperatures. '
The current ratings given in Tables 11.1IV, Page 81, 11.VI, Page 83 are
laid down for a cooling-air temperature of 45 OC and apply to electric cables
for ships for navigation on the high seas or in tropical climates.

For ships intended for certain special purposes (temperate zones) or
certain particular applications (coasters, ferries and harbour craft,
etc.), cooling-air temperatures other than 45 °C +) may be permitted.
+) See Clause 3.05
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In such cases the values of current ratings will be obtained by
multiplying those given in Tables 11,1V, Page 81, 11.VI, Page 83

Tabdlell,I

Correction factors for cable ratings

Cables Correction factors for cooling-air
temperatures ofs
35 % 4o ©¢ 45 ¢
1 2 ) 4
Rubberminsutebed : VAN
(Table| 11,1V, Page 81) 1,33 1,1 \E\\
Varnished~cambric-
insulafted

(Table| 11.V, Page 82)

Mineral-insulated
(Tablel 11, VI, Page 83)

11,04 |~ Short-time current ratings.
equipment or installations opexat

defined by continuocus service,
shown [in the appended Tables

11,05

that 1 tehboard bus-bars to any
and every point gn\the\ins ) n the conductors are carrying
the ma inder noxmal, conditions of service does not

exceed {eating cuits, 5 % of the nominal voltage
and fd /

These 5, ical der normal steady conditions, During
currer short duration the voltage drop may be 8 % and

11 % 1 '

l1006< : : . ~ In the assessment of the curyent

rating of Ifghting Pboints for the purpose of determining sizes of
condudtorsy ery lampholder should be deemed to require a current
equivalent to the maximum load likely to be connected to it, and this
should be assumed to be at least 60 watts, provided that where the

lighting fitting is so constructed as to take only a lamp rated at
less than 60 watts the current rating may be assessed accordingly.

In circuits by which inductor-operated discharge lamps are exclusively
supplied, the total steady current multiplied by 1,25 should not
exceed the rating of the conductors. Where inductor-operated
discharge lamps and incandescent lamps are both supplied by a single
cireuit the sum of the total steady current taken by the discharge
lamps should not exceed the rating of the conductors.

Tl
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11.07 - Egualizer connections. The conductor of a cable connecting
the equalizer terminal of a generator to a switchboard should be of
cross=sectional area not less than half that of the negative cone-
ductor from the generator to the switchboard, and should preferably
be of such size that its resistance is not more than half the sum of
the resistances of the series field of the generator and of its
connection to the switchboard.

11,08 - Cable-ends,

(a) Where mechanical clamps are not used the ends of all
cable conductors having a sectional area greater than 6y6 mm
(0.01 in®) should be provided with clamping sockets or soldering-
sockets of sufficient size to contain all the strands of the
conductor, Where soldering is adopted, corrosive solid or liquid
fluxes should not be used.

(b) The insulation should be removed from
a syltable manner, All protective sheaths should h
leagt 10 mm (0.4 in,) from the end of the insulatidn,

sithated below the bulkhead deck should be ef
meahs at the time of installation.

such dimensions that the maximum cu
them will not pProduce heat
insplation,

11,09 - Joints and branch cj

If a
Joii out
in erly
insy
tery t
rat

e 1o
use ztion
and

X

such the conductors remain sultably insulated and
Pro atmospheric actlon, and fitted with terminals and bus-
bari\of dimerfsions appropriate to the current ratmm In the dole
case of rinal sub~-circults in accom ; 15T

to use suitable non-hoge-proof Junctlonwboxes for cableo of small
cross-section.

(d) For cable joints as in the case of bappings, the cable=-
ends should be connected as described in Clause 11.08.

11.10 ~ Cable runs,

(a) Cable runs should be selected so as to be as far as
possible straight and accessible,

(b) They should be selected so as to avoid as far as possible
action from condensed moisture or drip. Cables should be as remote as
possible from sources of heat such as hot pibes, resistors, ete, and
protected from risk of mechanical damage.,

TS
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(¢) In lavatories as far as possible only cables absolutely
necessary for the supply of equipment used in these spaces should be
permitted,

(d) The installation of cables across expansion Jjoints should
be avoided unless this is absolutely necessary when: a loop of radius
equal to 13 times the cable diameter should be provided so as to afford
the necessary flexibility.

{e) In the choice of cable runs account should be taken of
the need for protection against rats.

(f) For cable runs in the vicinity of a radio-receiving room
etec,, the recommendstions of Qlauses 21,11 -~ 21,14 should be ebserved.

11.11  Mechanical protection.

armourg
casing
Minera
Clause

for ex
brotec

11,12

should| ¥
both e
only a
given
cables

Lictors

having

cablesy (: N8

sheath| < hveonnected to the metallic hull of the ship. If
cable$ o metallic boxes it may be sufficient for the metallic

coverings  Saghtact by means of special devices with the cablle-
entﬁiq; of ‘the btxes which in turn should be connected to the metallic
hull '

{c) For cables of considerable length the external metallic
sheath should be earthed at appropriate intermediate points according .
to the type of cable,

(d) The electrical continuity of all metallic coverings of
cables throughout the length of the cables, particularly at joints
and tappings, should be ensured,

11.1% -~ Radius of bends, The internal radius of bends should be not
less than the wvalues set out in the following Table 11.IIL, Page 77.
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Table ll.II

quius of bends

Type External diameter Minimum internal
4 radius of bend
1 2 3
Rubber-insulated any 4g
Rubber-insulated and
lead-sheathed or any 64
armoured

under 30 mm
(or 1,2 in.)

VAN
- A &
. 30 - 40 mm
Varnjshed cambric- (or 1,2 - 1,6 in,)

D

insulated above 40 mm ‘\\\:%
(or 1.6 in.) Q 0d
N
under 7 mm \\\\\\ \\\\\;>
(or 0,28 in,) ///:::\\\\ 29

- 12 N
Minegal=insulated %or é,zgfg Q,4£/§;?5>//(\3 Bt> s

above 12
Yﬁzkg \\\\\\\\,// Iq

11,14 - PFixing.

es for portable appliances
and those insta casings, cables should
be fixed by wmean ] dles made of metal or other non-
hyg:mscopi ) {ble serial, if necessary suitably treated|
havimpg a ladge Bur »

the gables rema D ki a1t their covering being damaged.

vibrw‘irt. ollowing Table 11.III indicates the order of magnitudes,

Tablell.IIT

Spacing of cable supports

External diameter 4 of Distance between supports
the cable Non-armoured cables Armoured cables
1 2 3
cm in, cn in,
under 13 mm(or 0,5 in.) 25 10 30 12
13 mm - 20 mm
{or 0,5 « 0,75 in,) 20 12 35 14
20 wm - 30 mm
(or 0,75~ 1,2 in,) 35 14 40 16
over 30 mm
(or 1,2 in.) 40 16 45 18
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(¢) The supports and the corresponding accessories, should be
of corrosion-resistant material or should be suitably treated to
resist corrosion,

11,15 = Cables penetrating bulkheads and decks.

(a) Penetrations of watertight decks and bulkbeads should be
effected in a watertight manner. Either individual stuffed glands
or boxes containing several cables and filled with a fire-retarding
packing may be used for this purpose,

(b) Cables passing through watertight or non-watertight decks
should be protected to a suitable height above the deck (at least
200 mm (8.0 in,)).

11,16 - Installation in pipes or conduits, Armoured cables skould in

generall be used in preference to unarmoured cables run in~getall tubes
or metdllic conduits +). When this method is neverthel the
following precautions should be observed :

and
not suj

r
bushed

nsions
and rad
the cal

should
and foy

g

<

ane
not acd tion),
cally
continy
s should be mechanically and electridally
duits.

connect

factor (ratio of the sum of the cross-
to the external diameters of the cablgs

9
preferably at the highest and lowest points, so as to permit air
eirculation and to obviate the possibility of water accumulating at any
part of the pipe or conduit run,

(3) The drawing of cables with lead sheath but without further
covering into conduits or pipes is deprecated.

11.17 - Installation in non-metallic ducting, casing or capping.

The only, cables which may be installed in ducting, capping or casing
are those having a waterproof flame-retarding covering. - The ducting,
capping or casing should be fireproofed wood or other fire-retarding
material,

The following precautions should be observed:

+) Non-metallic tubes or conduits should not be used without
special authorization.
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(a) The cables should be visible when the covers of the
capping or casing are removed,

(b) The fixing of the casings or covers should be effected by
means of screws of brass or other non-rusting metal arranged so as
not to damage the cables., The covers should be readily accessible
and in full view, :

(¢c) The cables should be of cross-sectional area not exceeding
16 mm2 and the voltage should not exceed 250 V.

(d) Cables in easing should be fixed with clips as described
in Clause 11,14,

N
11.18 - Protection of cables in stores containing lowwflash-ﬁbint
hydrocarbon products.

example, where the lighting cannot be effected ¢
externally, the cables in the spade should beg
stantial watertight sheet~iron covers or by %
Joints, from the bulkhead or deckhead of the
apparatus supplied.,
Mineral-insulated cables only may b

11.1P - Installation in reféggéxa on spaces,

shealthed or polychloroprene she ed ef:)

They| should not be boversd by T ermalVinsulation.
attae ’

Altepnatively cables ) . ‘
plate with a sppc etwec e back of the tray plate and the

lead-
on).

lini z : Asua use of the cables as a means of
Suspp S O S the provision of guards surrounding
the p :

shecables must pass through the thermal insuldtion
of t r—Should do so at right angles, in tubes
prov| ‘ '

11,9 Cables should be so installed that the
tensfl sﬁﬁes applied to them either by reason of their own weight
or fpr, any.other reason, is minimized.

Thes
cross~section and for cables on vertical runs, which should be
suitably fixed.

11,21 « Electrodynamic forces, In order to guard against the effects
of electrodynamic forces developing on the occurrence of a short
circuit, single-core cables must be firmly fixed.

11.22 - Special precautions for a.c. wiring, A.C, wiring should be
carried out as far as possible in twin or multi-core cables.

Tn certain cases, it may be necessary to use single-core cables;
it is then necessary to observe the following precautions:
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(a) The cables should not include any magnetic armour,

(b) Conductors belonging to the same circuit should be

contained within the same pipe or conduit.

(¢) 1In the installing of 2, 3 or 4 single-core cables forming

respectively single=phase circuits, three-phase circuits, or three-
phase and neutral circuits, the cables should as far as possible

be in contact with one another, In every case, the distance
measured between the external covering of two adjacent cables should
not be greater than one diameter,

(d) When single-core cables having a nominal cross-sectional

area_pgreater than 200 mm2 (or 0.3 in ) must be installed/ﬁgainst

a st
shou

pel bulkhead, the distance between the cables and
1d be at least 50 mm (or 2 in.).

(e) Glands for the passage of cables % and
decks should be of non-maghetic metal, In addd
vantageous to use non-magnetic plates of sufficis te
heatiing of the steel plating.

(f) 1In ascertaining the cros 3 : of cabled it is
necessary for account to be taken of '
sheaiths and the effect of bul Se Whet 15 pass along
metalllic plates or pass th P _Q 2 shetic metal,

(g) 1In order to egu bo“some degree the impedancesg of
circuits of considerable 1e‘gth & of single-core cables
or large cross-sechi ¢ had to a transposition of

the

when

parg
as o

Phases at inter
propriate means

n
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Tablell,IV

Curvent vatings # x for Pabber»inau ated cables

Cooling-air tempervaturs s 45 9C
Maximum temperature of conductor : 60 9C

Nominal Single-core :ables
CTOLS-
sectional Conbinuous rating | l-hour rating
area

i

g
5 |
N

©

(2w}

CYY
oWt

]
S U Ui N IO
NY

1 bt
ON N2

Q

Ut

For twin, three-core or fouru@owe cables with nominal crosge-

Sectional areca exceading O mm=, tf

and 3 should be multiplied by the foklowing aorrection factors¢
twin-core 0,85 3w or d=core 0,70

The values shown are applicable to a,c. and d.c. circuits,
when the nomina) nross-gectional area of the cables does not
exceed 315 mme., For cables of nominal crosse-sectional area
exceeding 315 mme account should be taken on a.c. circuits of
a correction factor which should be determined for each
particular case,.

The current ratings apply subject to the maximum permissible
voltage-drop not being exceeded,

w8l
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TablellV

Current ratings % x for varnished-cambric-insulated cables

Cooling-air temperature : 45 °C

Maximum temperature of conductor :

75 °C

Nominal Single-core cables %
erosg- [T T ;
sectional Continuous rating | l-hour rating
area
1 2 3
mm amp., amp.
1 13 13
1,2 13 13
1,6 16 1
2 19
2,5 23
2,2 28 2
4 22 b
5 38 8
6.7 4o D
8 by
10 58 8
12,5 O
16 70
20 8 89
25 9 100
32 112
40 136
50 14 161
63 0 187
80 8 219
oo v
1€ 267 . 310
1 b 316 373
00 2360 492
250 420 526
480 600
4 Q 582 722
678 872
30 767 1005
E For twin, three-core or four-core cables with nominal crosst

sectional area exceeding O mma, the values shown 1in Cols. 2
and 3 should be multiplied by the following correction factors :
twin-core 0,85 %~ or 4-core 0,70

% % 'The values shown are applicable to a.c., and d.c. circuits,
when the nominal cross-sectional area of the cables does not
exceed 315 mm=, For cables of nominal cross-sectional area
exceeding 315 mm“ account should be taken on a.c. cilrcuits of
a correction factor which should be determined for each
particular case.

The ‘current ratings apply subject to the maximum permissible
voltage-drop not being exceeded.
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Tablell VI

Current ratings x 5 for mineral-insulated cables

Cooling-air temperature : 45 °C
Maximum temperature of conductor

[3
e

85

¢

N\

VAN
Nominal Single~core cables x
Cro88~ in a.¢, or d.c. dircg ts
sectional Continuousg rating 1- at g
area
1 2
' amp.
1 1
2 5
3,2 5 33
5 i)
10 S 67
12,5 79
16 93
20 105
25 112 121
3 140
<::§o 170
171 205
198 248
225 306
257 360
293 410
325

Por twih, three-core or four-core cables with nominal

in Cols 2 and 3 should be multiplied by the following

correction factors

twin-core 0,85

3= or Yecore 0,70

#% % The current ratings apply subject to the maximum

permissible voltage-drop not being exceeded,
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CHAPTER 12

TRANSFORMERS FOR POWER AND LIGHTING

12,01 = Scope., This chapter x applies to all transformers for
power and lighting installed on shipboard, rated at 1 kVA or more
for single=phase or at 5 KVA or more for 3 ~phase and where ap=-
propriate to static balancers,

12,02 ~ General, Transformers except those used for motor starting
should be double-wound (two separate windings) and pPreferably of the
dry, air-cooled type.

12,03 -~ Position. Transformers should be installed in well=ventilated
compartments, acoessible only to autharized personnel ex -0t that

expdcted.

12,04 ~ Terminals, Suitable terming]

d be
50 spaeed and/or shielded tha d,

shoyt-circuited or touched.

12,05 = Construction, See
formers and their\te n
boand; transf

progf type,

12,0 i d=cooled ; transformers should be pyefer-
ably T and should be so designed that, under
all |c vong\with ‘the ship inclined from the normal at any angle

up 1 ly and 10 degrees longitudinally, and

with : 2 degrees from the vertical, they operate
withoeu o 5pilling liquid, Transformers for emergency supplies
shof 0\ addgdtion operate satisfactorily during permanent list ¢f
22.1/2 IR Provision is made for breathing, a suitable dehydrgtor

yld Besprovided,

12, 0F—=TRetine;

(1) Rated primary voltage. The rated primary voltage is the
voltage of the principal primary tapping under the usual operating
conditions, It should be specified by the purchaser and marked on
the rating plate,

(i1) Rated secondary voltage. The rated secondary voltage
is the voltage of the principal secondary tapping at no-load when
applying rated primary volltage to the principal primary tapping and
should be as specified by the purchaser and marked on the rating plate.

% Attention is drawn to the relevant recommendations of Chapter 2
which are not repeated here,

w8l
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(3ii) Rating. The rating is expressed in kVA and should be
specified by the purchaser and marked on the rating plate.
The rating is a continuous rating and is such that the transformer
at rated primary voltage can deliver its rated secondary current
(see definition below) for an unlimited period without the limits of
temperature rise given in Clause 12,10 being exceeded.

NOTE: If the transformer has to work the constant primary voltage,
the apparent power at the secondary terminals in loaded
conditions differs from the rating by a guantity corresponding
to the voltage drop and is the product of the actual secondary
voltage the rated secondary current and the appropriate phase
factor.

is the—eurrent drertyed—bv—aie et ey KLY
voltgge and, in the case of polyphase transformers, by iate
phasg factor.

(v) Impedance voltage. Impedance voliage s \tha/volt ;i
exprgssed as a percentage of the rated primary i 1 Lo
be applied to the primary winding when the sg hort-
circyited and the rated primary current isg - > rimary
winding; or vice versa, in which latter/caset 3 ressed as &
percentage of the rated secondary no=lo 2 ¢ assoclated
tapping should be the principal tapping\ ¢ Nerwise stated. The
impedance voltage may be meg sUILen ess/than the rated
currdgnt and the value correc i Lo

a ten

12, 04 é variatidng between no load and fyull
load | e should ot exceed 5% for trans-
formdg S Pphase\dnd 2,1/2 % for transformels
rated

The Y ; kthin 0.5% of the declared ratic, or

a pey he/percentage impedance voltage at
rated i

12,04 ; When transformers are so arvanged that
thelr ‘ s may be connected in parallel, the voltagp

regul circuit potential of the transformers should|be
suc@: actal current of each parallel-operating unit does
not { than 10 % from the correct value of the full loagl
currs

When q s are intended for operation in parallel, the ratpd
outpiit el the smallest transformer in the group should be not lesp
than one-third of the rated output of the largest transformer in the
group,

12,10 -~ Limits of temperature~rise. The temperature-rise, measured
during continuocus operation at the maximum rating should not exceed
the limits given in Table 12,1, Page 86.

PFor a dry or liguid-cooled transformer where the cooling depends

upon natural alr circulation or forced draught, the limits of
temperature-rise should be specified as the temperature-rise above

the cooling-air temperature. For a transformer cooled by circulating
water, the temperature-rise should be measured with respect to the
temperature of the water at the point of entry,.
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Table 12,I, .below is based on temperatures of cooling fluld equal to 30 °c
for water and 45 OC for air.

Where the reference temperatures for fluids are 25 °C for water and

40 oC for air the values shown in Table 12.I, below may be increased by 5 °c,
(See Clause 3,06),

Tablel21I.

Limits of temperature-rise on transformers

Average temperature-rise of winding as measured by increase in
resistance of the wlnding connectpd between the termlnals (Centigrade degrees)

-L.\ LDU ..Ld P.LUH.

Type Circulation . Cooling Class A c3(a,s\s\§
1 2 3 ' 4 \ \5\
Dry - Air %Q \K\%\)
SRR U AN

Natural \\i\ \\\\;>
thermal Air _ -
Liquid- head only ()
S — e aame Dy,

immersed
Forced E <:>
circulation Al -

by external =
pumps Waga(\ \:\\> 65 -
Ligquid - (For all ligQidwd tybes) temperature-rise
(by therm grade)degrees

Cores - | (For

¥y theFmémad exPernal surface of the core
shoul ermitted for the adJjacent
windi
4
12,11 - Sfbg$~ el ransformers should be capable of with=

standing hor%inééﬁgts on any secondary winding or windings without
injury for the' t eriods given in Table 12.II, Page 87, with the ralted
line voltIges_mainialned_nn_all_mindingﬁ intended for connection to

external sources of power. Allowance may be included for the im~
pedance of the system feeding the transformer by agreement between

the purchaser and the manufacturer, (See IEC-Publication No. 76 IEC .
Recommendations for power transformers).

The initial current is assumed to be completely displaced from zero
in so far as determining the mechanical stresses,

If a short-circuit test is made, it should be a type test,
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Table 12, II

Shortecircuit currents and their duration

Transformer Duration of short- R.M,S, symmetrical
Impedance voltage cirecuit in seconds short-circuit current

to be withstood

L 9 or lower 2 25 times rated current

higher than 4 % 3 Rated current times

VALs s -
% impedaxce voligs
A O

(¢4

For ftransformers having 3 or more windings, theltimeRor\which
transformer should be capable of withstanding s ¢ Nrsultvis
dependent upon the maxinmum current which can ‘low iri\any shorte
cire

Each

maximum short-circuit curre N 4 § &
shoufld be used in the table tad 3 ymigsible duration of

winding should be cons

shorb-circuit for that winding.

12.1P -~ High-voltage test.

carvied out on eves

preferably with he -rans,e' W hot ipmediately after the temperafture
tes £ shot ke applied between the winding unfger
test and therempining windings, frame and tank of the transformep

all b

The with a.c. at 1 kV plus twice the highest

Tolll, bétween lines subject to a minimum voltage

of 2 ient frequency between 25 c¢/s and twice the rated
fre gformer, but preferably at the rated frequenky.
The oltiyge should be maintained for one minute.

Sing ] nsformers for use in a polyphase group should be tested
in apecordancevwith the reguirements for the transformers as connegted
together om the System,

manufacturer’s works,

y‘%y?nsfo‘“

sh=voltage test should bp

[¢4

pited winding with rated voltage maint onsall\ otker windfings
intended for connections to an external X af

RATING-PLATE

12,1% ~ Information required. The rating plate of every transfor

mer

should show the I.E.C. rating in accordance with the relevant I.E.C,-
Recommendations for power transformers No, 76.

12,14 = Where parallel operation is intended all necessary information
needed to ensure satisfactory parallel operation or banking should be
shown either on the rating plate or on a diagram.

287w
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CHAPTER 13
GENFRATORS (with associated prime movers) AND MOTORS

13,01 = Scope, This chapter applies to all generators (with the
assoclated prime movers) and motors installed on the shipboard, rated at
750 W or more: with the exception of alternators of the non-salient-
pole steam=~turbine-~driven type.

For electric propelling machines, see Chapter 24,

PRIME MOVERS

13,02 - General. Engines for driving electrical generators intended
for supplying essential services should comply with the following
Clauses—13%,03 - 13,10, and sho , : ~ont A ronnin

1%,07% - Ships for unrestricted service,
shipg operating in tropical waters, i.e, between la» S
20°3,| they should be rated for the following conditior ) Cher=-
wise [specified.

(a) An air temperature of 50 °C
relative humidity.

(b) A primary cooling-wat

13, 04 In ships such as
coast ely for restricted
servi] i . outgide the tropical belt
defin ould be rated for the¢
follgwing conditions ™

13,09 - Governing ¢

\é;\}a;;> Governors on prime movers should be such|that

maintain the speed within a momentary

)
o)
=
).J
<
D
Q.
o
o
§
o4
o]
5
ot
5
K
’-I
[+)
=
(=%
Q
]
=
(e}
ct
2
o)
@
@
fo N
P
pa
o]
U1
N
=
oy
]
=4

fittgd with~an emergency .overspeed device which will operate at a
speed not more” than 15 % above rated speed and has provision for
tripping by hand,

(p) A.C, generating sets., For a.c. generating sets operating
in parallel, the governing characteristics of the prime movers should
be such that within the limits of 20 % and 100 % total load, the
load on any generating set does not normally differ from its proport-
ionate share of the total load by more than 15 % of the rated full-
load output of the largest machine,

The facilities for adjusting the governor at normal frequency should be
sufficiently fine to permit a minimum adjustment of load on the
engine not exceeding 5 % of full load.

(¢) D.C, generating sets, See Clause 13,22
~88-
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13.06 - Turbine-driven d.c. generating sets in parallel. Where a.
turbine-driven direct-current generator is arranged toc run in parallel
with other generators, a switch should be fitted on each turbine
emergency governor for the purpose of opening the generator circuit-
breaker when the emergency governor functions,

The contacts of the overspeed switeh should be normally closed.

13,07 - Lubrication. Prime movers should be efficiently and continu~
ously lubricated at all running speeds and at all working oil temper=~
atures without the spilling of oll with the ship at the following
inclinations from normal :

Transversely vesoessecsnseones 159
Longitudinally c.eeesveosceensos  10°
or for ships of length
exceeding 150 m {or 500 fto)...
ROLLINg 2 UP £0 covecscocsscoas
Yimergency sets should in
addition operate satisfactorily
with the ship at a permanent
list Of vovonevevvocaccanssesen

50

Turbipe-driven generating sets dependent/ onn-forwned ration should

be arpanged to shut down automaticall;

1%,08 - Running speed., The 4
generpting set should not be

13.09
irreg
shoulj

clic
by should not be worse than the values given
sllowing Table 13.1,

Tablel3T

Limits of cyclic irregularity

L~ Numbewn—of engine—t+——— Cyelicdrvesulaonity
impulses per second to be not worse than
less than 10 L/150
10 to 20 No. of impulses per second
1 500
more than 20 1/75

NOTE: (See page 90)
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NOTE:

l}e lo =

Cyclic irregularity is defined as the ratio of the maximum
variation in angular velocity at the fly-wheel during one
engine cycle to the mean angular velocity when the engine

is running at any load up to and including rated load and at
rated speed. This is conveniently expressed as follows 3

max, speed-min, speed
mean speed

Flywheel effect for a.c. generating sets in parallel, For

8.Ce 8©
of the
viation
should ]
to comp
13,09.

The eng

garding| the total flywheel effeat he intends shall

ensure
electri
quencie

magnitufle and the supplier of the alterna

to the
negessa
alterna

The geng
to the

whole s _

rigldit)
engline

the gen
excessi
generat

NOTE 1

NOTE 2

nerators operating in parallel, the combined flywheel effect
flywheel and alternator should be such that the angular dew
in either direction from the position of uniform ratation

ine maker should inform the supplier of the al
hal degrees 1s not exceeded,
5 of such engine«disturbing forces §s
engine maker what additional f

Iy for the avoidance of the
tLor-swing.

iy and torsiona_ str R &h : The

aratgr
ve stnéiig
Or mami e

13y deviation specified applies to alternators on
rdinary regulation, Alternators designed for special
reguldtion may require still closeruniformity of rotation,

NOTE 3

an

when connected to the electrical system with which it is
to work in parallel, should not approach the frequency of
any engine impulses of significant magnitude,

Avoidance of the effects of resonance means that the natural
frequency of oseillation of the &lternator with its flywheel,
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MATTERS COMMON TO A,C, and D,C,
GENERATORS and MOTORS

13,11 -~ Types of rating. Ship's service generators, including the prime
movers, should be suitable for continuous duty at their full rated load
for an unlimited period, without the limits of temperature-rise given
in Clause 13,12 being exceeded.

Generators (including exciters) other than ship's service
generators, and motors, should be rated in accordance with the
duty which they are required to perform.

13,]12 ~ Permissible limits of temperature-rise. The

tenperature-rise given in Table 13.II, Page 92 show for
macdhines which are insulated with materials of Cldss \A\or Class

as defined in Appendix I, Page 152 to these Re-o«.e d r
veritilated or encleosed machines a temperature X eding exceeding
50 % is assumed, and for water-coocled machi ‘

of |cooling water not exceeding 30 ©C, S,

the temperature~rise is measured in re rature

of |the cooling water, measured at the/inled

An [increase in limits of te

Centigrade degrees may be T medium
is |less than the values stat e e cooling
medium exceeds the values sgtated, the s se 1is
reduced by an amount equal \to § ‘ ling

medium,

Tenperature 1s\peasy

thgse RecOfme»das'. s
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Tablel3IT

Permissible limits of temperature-rise (centigrade degrees)

for an ambient air temperature of 50 °C and a primary cooling
water supply of 30 °C

(b)
(e)

+ NOTE 3:

Method | Water-cooled Enclosed Ventilated
Machine of temp, machines machines machines
Parts measure-| Class A |Class B| Class A | Class B | Class A|Class B
ment
Windings(other thermo~ 60 75 4y 60 7] 55
“than single- meter #
layer field
windings with
exposed surface)
and cores pidh an
which they are
in contact Resiste Q
ance § 70 90 50 <<;é\ 70
Single-layer: thermo= \\<:§\ \\;;>
fleld windings meter or ‘
with exposged resiste §\
surface ance 75 95 //—EB\\ 7 55 75
Commutatoys and | thermo- <8&/>§V/S £i>
ipri ++ *+4 > 65% *
sliprings meter 7Qf\\\ 5 N 5 55 65
Permanently uld in no case
short-cirquited such a\yalue\that there is a risk
uninsulatgd latingcor other
windings, |iron therme- on ad jagent parts
cores and |other |meter
parts not|in
contact with
windings
¥ NOTE 1 Iti@n
58 B
4 1s
++ NOTE 2 empRerxyture rise of commutators and slip rings may exc¢ed the
valie given provided that the three following conditions are
fulfilleds-
(a) The temperature rises of the lnsulating materials on the

adJjoining windings do not exceed those allowed for the
insulating materials of those parts,
The Manufacturer guarantees that the higher temperature
attained will not impair the commutation,
The temperature is not so high as to affect the quality of
the soldered joints and cennections,

Where commutators or sliprings of water-cooled machines are not

in the enclosed air-circuit, the temperature conditions should be
in accordance with the requirements for ventilated machines,

£ NOTE 4:

It is not intended that measurements by both the thermometer and

the resistance method shall be required, and the figures of

temperature-rise given in the table 13,1II, ‘above .

Lfor

the thermometer method and the resistance meithod are not
t0 be used as a check against one another,

92w
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13,13 - Mechanical balance. Machines should be so constructed that
when running.at.apy.and.every: working speed all revolving parts are
well balanced,

ljol4iﬂ*ﬁ@t&yaof-g@t@pgg;Whéféumétér-¢oéling‘is used, the cooler
should .be - so-apranged as: to.Prevent any entry.of water into the
machlne, whether' by leakage or: condensation in the heat-exchanger.

v‘f oy

13, 5 - Shaft eurrentsox Measures should be if necessary taken to
prevent the circulation of current between the shaft and the bearings.

13,16 ~ Lubrication,

ousl
wWorK
norn

Means Sﬁéﬁld\Bé rotride AL : , dlong
\ n s ; > dchine

bricated bearing should be provided with a

sult while permitting efficient lubrication when
the prevents the bearing from containing an
exce

‘ré fihg.lubficafion is employed, the rings shouyld be
onstrained\that they cannot leave the shaft.

. ' ’ ted
with an inspection 1id:and means for visual indication of 0il level,

NOTE: For turbine-driven generating sets, see 13.07.

13,17 - Terminals. Suitable terminals; clearly marked should be
provided in an accessible-position, ‘convenient for external connect-
ions, The terminals should be effectually secured and should be s0
spaced and/or shielded that they oannot be accidentally earthed,
short-circuited, or touched “:u-v,4 h . .

13,18 - Rating plateoﬂzThe ratlng plate of every machine should give
the following information, the valuyes of output; voltage, current
and speed being thosepertaining to rated full load.

«9Bm
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(a) vGenerél

(1)
(11)
(111)
(iv)

(v)

The specification to which the machine conforms.

The name of the maker.

The maker's machine number,

The class of rating or the necessary information
if the machine is intended to operate under more
than one class of rating.

The additional information detailed in (b), (e),
(a), (e), (£) or (g) below, as appropriate.

(b) D.C. Generator

(vi) Generator.
(vii) Direct current (d.c.) and whether shunt, series,
compound or separately excilted.
(viii) Electrical output in kW,
(ix) Voltage between terminals and at rated \owtputs
(x) Current in amperes.
(x1) Speed, in revolutions per minute
(xii)

(e)

(vi)
(vii)

(viii)

(d)

D.C. Motor

Excitation voltage and current)
a separate source, ,

(xv)

n cycles per second,
Phases and method of connection.

Voldage between terminals at rated output.
rent, in amperes.
Power factor.,
Speed, in revolutions per minute.
ZSe
Exciting current, in amperes, at rated output.

(e) Synchronous motor

(vi)
(vii)
“(viii)
(1x)
(x)
(x1)
(xii)
(xiii)
(xiv)

Synchronous motor,

Frequency, in cycles per second.
‘Number of phases,

Mechanical output,

Voltage between terminals,

Current, approximate, in amperes,
“Speed, in.revolutions per minute.
"Excitation voltage.

Maximum exciting current, in amperes,

.
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(xv) Power factor at rated load, whether unity or
otherwise,

(xvi) For a synchronous motor intended to be started as
an induction motor, the maximum voltage which can
exist between the slip-rings at starting should
be stated,

(f) Induction motor

(vi) Motor,
(vii) PFrequency, in cycles Per second.
(viii) Number of phases,
(ix) Mechanical output.
(x) Voltage between terminals,
(xi) Current, approximate, in amperes.,
(x11) Speed, in revolutions per minute, at rated—eutput.
{(xii1i) Por slip-ring motors the voltage on ope Circuisl\

between slip-rings.
(xiv) Rotor current in amperes,

(g) | A.C, commutator motor

(vi) A.C. commutator motor,
(vii) Frequency in cyecles per second.
(viii) Number of phases.
(ix) Mechanical output.
(x) Voltage between ter»-
(xi) Current, ap L me
(xi1) Speed range,
outputs.

SHIR's SERVIC

£

13,19 = Numberraéé\;lég/qﬁ>sh {5 seﬂ%ize d,c., generators, Whej
number and rat erating sets to be provided is de~
ould be given to the normal anq
g the wafe and efficient operation of the
The number and ratings of generating
uld be sufficient to ensure the operation
ndispensable for the propulsion and safety
fen\one generating set or converting set is out of
tned normal capacity of the sets should be at|least

=T

xegbion fall within the limits of the specified overe

lighting circuits ame to be supplied direet fvom ship s service
generators of the shunt-wourd type, an automatic voltage-regulator
should be provided.

13021 - 3-wire generators., Unless otherwise specified all 3-uire
direct-current generators should be designed for a current
unbalance of 25%.

13.22 = Inherent voltage-regulation of d.c, generators, The inherent
voltage-regulation of ship’'s service generators should be
designed in relation to the speed regulation and governing of
the prime movers, as follows :

«Q5r
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be so0 designed T relatio O & EOVE E Charact »
prime mover, that with the generator at full-load operating/ temper-
ature, and starting at 20 % load with voltage within 1 % ¢

voltage, 1t should give at full load a voltage within 1,1

gulation gurves between 20 % load and full load should
than 3 % from rated voltage.
above shoyld be the subject of special consic

13,23 = Fleld regulation of d.c., /e

(a) Shunt- or stabilized shunt-wound generators rated at 50 kW
and above should satisfy the following tests:

(1) When the voltage has been set at full load, the
steady voltage at no load should be between 12.1/2 %
and 15 % higher than the full-load voltage.

(i1) When the voltage has been set at no load the ap-
Plication of full load should not cause a drop in
steady voltage of more than 17 %.

(1i1i) When the voltage has been set eilther at full load
or at no load, the voltage obtalned at any value
of load should not exceed the no=load voltage.

(b) Compound-wound generators rated at 50 kW and above should

(¢) Generators falling below the

at the swltchboard to enable the
Justed separately. The equipment S
Justing the voltage of the d.c. génerator \towithin 0,5 % of the rated
voltage for machines abowe 100 kW an o rated voltage for
smaller machines, at aXl ;

temperature within ti

of reducimg the na=~loa 1tage % below the rated voltage with
the generator e :

J—_}oau had S abili_ty\o do °

X en load and full load, with
enerator cqupled to brime mover, at any Permissible
: regulator should be capable

generators. Generators which are required

generator
operate 1
normally
an amount|gréater than 12 % of the rated full-load of the largest

n|parallel sheul bé\gggﬁlé in operation at all loads from
no load t¢ fudh load
13,25 - Barallelrunhning of d.c. generators, The design of d.c.
nd e opnections should be such that, when they

Tlel) the individual load on each machine does not
ow the theoretical load (proportional to rating) by

machine or 25 % of the rating of the individual machine in question.
This requirement applies when the combined load on the sets is varied
between 20 % and 100 % of the combined ratings.

For each generator of a group required to run in parallel, the voltage
drop across the series field and its connection to the switchboard
(which may incorporate a resistor) should be approximately equal,

1%,25 - Polarity of series winding., The series winding of each 2=

wire generator should be connected to the negative terminal of each

96
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be so desli
prime move
ature, and
voltage, i
voltage.

than 3 % f

above shou

(a) Shunt- or stabilized shunt-wound generators rated at 50 kW

and above should satisfy the following testss

(1) When the voltage has been set at full load, the
steady voltage at no load should be between 12.1/2 %
and 15 % higher than the full-load voltage.

(11) When the voltage has been set at no load the ap~
Plication of full load should not cause a drop in
steady voltage of more than 17 %.

(11i) When the voltage has been set eilther at full load

or at no load, the voltage obtalned at any wvalue
of load should not exceed the no=load voltage.

(b)) Compound-wound generators rated at HU KW and
gned in relation to the governing characteristic

1d be the subject of s

13,23 - Fleld regulation of d,c,

at the switchboard to enable the voltage\oR ea

Justed separately. The equipment provide

Justing tHe voltage of the in 0.5 % of the rated

voltage far machines abGve\l IN%) o e rated voltage for

smaller mgchines; at g en_no 104d and full load, with

the d.c. generator cguples er, at any permissible

temperatune with the worky The regulator should be capablg

of reducing the 0% below the rated voltage with
tor col-

the geners

13,24 - S

abiliﬁgf\&

to run in (pa

no load td

\Ieigg\ uld b stable in operation at all loads from
1 lo

4
13,25 - Pe?alle by of d.c. generators, The design of d.c.
generators a hei connections should be such that, when they
operate in paral the individual load on each machine does not
normally di e '

an amount

greater than 12 % of the rated full»load of the largest
machine or 25 % of the rating of the individual machine in question,
This requirement applies when the combined load on the sets is varied
between 20 % and 100 % of the combined ratings.

For each generator of a group required to run in parallel, the voltage
drop across the series field and its connection to the switehboard
(which may incorporate a resistor) should be approximately equal,

13,25 = Polarity of series winding.

The series winding of each 2-

wire generator should be connected to the negative terminal of each

machine.
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13,27 - Equalizer connections., . Every equalizer connection should
have a cross-sectional area not less than half that of the negative
connection from the generator to the switchboard and should prefer-
ably be of such a size that its resistance 1s not more than half the
sum of the resistances of the series field and its connection to the
switchboard. ’

1%,28 ~ Momentary excess current, Generators should be capable of
withstanding on test for 15 seconds a current 50 % in excess of the
rated current, the voltage being maintained as near the rated value
as possible, consistent with the maximum capacity of the prime mover,
This is not a routine test but is a manufacturer's type test.

13, 29—~—~Commibation,—oeneratons—should—work—with—Lixed—biuchmsething,
from ho load to the momentary excess current specified An Clauss
13,28, without injurious sparking or injury to the compu
brushes, :

13,30 - D,C. generators for special purposes, sgeratons foy
specipl purposes (e.g. lifts, capstans, etc. 3 ) excliters
will have such special volitage characterisbiq: Saxle requiped for

the service concerned and the recommendafi .
13,29 will not necessarily be applicabl The menergtors will be
shortl-time or continuously-rated as nedessayyspand\when tested under
rated| conditions should comp i [

in Clause 13,12, In short- R
of the field windings will freque wirement,  The
generptors should comply witly the releva ommutation requirements
in Cllause 1%.29,

13.31U - Rated vo;t§;;\é\§:j;;§u; er than for ship's servides.

Generators othe

purpgses showld (satisty evagt recommendations, including the
high-voltas ., and where applicable, the requirements for coms
mutation.

13, 34 -‘ﬁgggiiigiggg;;gé torque. A d.c. motor should be capable gf

withgdtandingyon test for 15 seconds a torque 50 % in excess of thgt -
corr ith rating, the voltage being malntained at rated

valug. { ot a routine test but is a manufacturer's type fest.

13, 3% =VCommutation, A d.c. motor should work with fixed brushe-
setting, from no load to the momentary excess torgue specified in
Clause 13,32, without injurious sparking or injury to the commutator
or brushes. This is not a routine test but is a menufacturer's type
test. ~

13,34 - Speed tolerances, The following tolerances on rated speed
are recognized for d.c. motors run .at full load and at working
temperatures unless otherwise specified 3
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(a) Shunt motors

(i) 0075 - 205 kW per 1 OOO ropcmo
(subject to a minimum actual power of 1 kW) + 10 %

(i1) 2.5 - 10 kW per 1 000 r.P.m. +  T.5%

(111) not less than 10 kW per 1 000 r.P.m. 5 %

|+

(b) Series motors

(1) 0. 75 - 2.5 kW per 1 000 r,p.m.
(subJect to a minimum actual power of 1 kW) + 15 %

(i1) 2.5 = 10 XW per 1 000 r.p.m. + 10 %
VAN
(III) not less than 10 kW per I 000 r.p.m 7.5%

NOTEY{ PFor the purpose of this clause, compound motets

characteristics are regarded as shunt motoyrs, ;%i

motors with series characteristics are r

motors,

SHIP's SERVICE A.C. GENER

NOTE3 Unless otherwise stated, the fo

not necessarily apply ‘to machine

machines intended solely\fad

supply for lifts, dec

Machines rated below

purposes, should be the
13, %% - Number and<;}29(65\éxc 5 ce generating sets. The number
and ratings of shi }&{3§;gkrators should be as described
for d4.c. 2 except that in the determine-
atiom of ¢ : g rakors particular attention should be
glvey ‘ting urkrent\drewn by squirrel-cage motors conne¢ted
to the system, @ generating-sets operate in parallel, and
are ¢arrying . ninimum load necessary for the operation
of the ship) th - hate sufficient reserve output with respect
to the larpe sor on the system to enable the motor to be
star ey the voltage drop due to such starting current
should n &k motor already operating to stall, or have any
adve { on gther equipment in use.
13, 3 'o‘tageuregulators. Fach a.c, service generator unlass

separate automatic voltage«regulator. The voltagearegulator should
be of a type capable of withstanding shipbodrd conditions, '~Wheniit
is intended that two or more generators will be operated in parallel
continuously, reactive drop compensating means should be provided to
divide the reactive power properly between the generators.

13,37 - A,C, voltage regulation. It is recommended that the voltage
regulation should in every case satisfy the following tests; 1t is
recognized that in certain circumstances such as referred to in.13.35
current-consuming appliances requiring a more critical regulation
may be in use, and suitable provision should be made. The load on
the alternator immediately prior to these tests, should not exceed
90 % of the rated output (kVA)of the alternator at a power factor

of 0.8 lagging.
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. {a)  The regulation of every generating set when driven by a
prime mover whose governor has the characteristics specified in Clause
13%.05 should be such that at all loads from zerc to full-load the rated
voltage is maintained under steady conditions within + 2.5 %, except
that for emergency generating sets, the limit may be + 3.1/2 %,

(b) When the automatic voltage-regulator has been set to glve
rated voltage, and a current equal to 50 % of the full-load current
of the alternator at any power factor between O and 0.4 lagging is
suddenly - drawn, or a current equal to 25 % of the full-load current
is suddenly - removed, the maximum volltage change should not exceed
20 %, The automatic voltage-regulator should then restore the voltage
to within + 3 % of the rated voltage in not more than 3 seconds,
except that for emergency sets the restoration may be within + 5 %

of the rated woltage in not more than 3 seconds, /"\\

13,38 -~ Parallel operation, ¢ ‘

operated in parallel, the wattless loads~ cf the inddv .‘al gene :%ng
sets hare b ot

watt
largest machine.

ne

NOTER ith
y \ < VR nent
variation being such that the s v BrY

by more than 1 % of §

13%. 3D - Exeitation. =1 X \ tation
of sufficient capacity to en R ) " A \ 3 n

the alternator at ¥ ated "

minutes,.

13, 4

ﬁ;bh;éézéynchronous motor should be capable of] with-
stangi onds hout dropping ocut of synchronism a torgue
50 % e rque corresponding to its rating, the volltage

and 0. system with which it is synchronized beling
maiﬁ ¢ hei¥x rated value required to meet the specified
cond
manu

tb—# polyrhasetmductior motor—shoutd—be—capabieof—with-
standing for 15 seconds, without stalling or abrupt change in speed
(under gradual increase of torque), a maximum torque as specified
below, the voltage and freguency being maintained at their watéd
values.:

For induction motors of the normal type (e.g. wound-potor or ordinary
squirrel-cage motors) the maximum torque should be at least 60 % in
excess of that corresponding to the rating.

In the case of induction motors, for which the field of application

is specified in the order, and in the case of induction motors of
special type (e.g. motors with eddy-current rotors or double-cage
rotors of the Boucherot type) with special inherent starting properties,
the value of the excess torque should be a matter of agreement between
manufacturer and purchaser,

=90


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

13,41 ~ Commutation,

A.C, commutator motors should work practically
sparklessly over the specified range of load and speed.

The commat~

ation test should be applied at the conclusion of the temperature

test of the motor,

TESTS FOR GENERATORS AND MOTORS

13,42 ~ Performance test.

Sufficient tests should be made at the

manufacturer's works to ensure that the machine is in accordance with

these recommendations.

Wherever practicable spare armatures should

be given the tests applicable to the complete machine,

13,43 - High-voltage test.

The high~voltage test should be applied

bétween the windings and the frame with the core connected to the
frame and to the windings not under test, and should be applied only

to a new Ind_aompleied_mach1ne_miih_all_iis_panis_ln_pla09 under
conditions equivalent to normal working conditions, and unlesg \R\\

wise specified the test should be carried out at the makey
at the cofpclusion of the temperature test of the machines

The test-voltage should be alternating and should be s

possible to sine wave~form,

The test should be commenced at a voltage of wot o

of the full test-voltage.

the full yalue steadily or in steps of nox

the full Yyalue, the time allowed
half to fyll value being not less\tha
voltage should then be maintained
the value$ as indicated in the fo

the>voltage from

The full test-
xceordance with

3,111, Pages 100-101-102,

Item No.

Test-voltage (r.m|s.)

1 Insud
size less

Rated vOltage

500 V + twice the rated
voltage

1000 V + twice the rated
voltage with a minimum of
1,500 V (see Note 1)

Up to 2,000 V
Exceeding 2,000 V but not
exceeding 6,000 V.

L Separately excited field

windings of d.c. machines

5 Field windings of synchronous
generators.

Twice rated voltage + 1,000 V
2,5 times rated voltage

1,000 V plus twice the maximum
rated field circuit voltage
with a minimum of 1,500 V.

10 times the rated excitation
voltage with a minimum of
1,500 V and a maximum of
3,500 V,

=100~
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Item No,

Machine or part

6

Pegtevoltage (rom.s,)

Field windings- of 5ynchronous

motors.

a) When intended t@ be started
with the field windings

short=circuited or connected

across an exclter armature,
or to be started with the
a.¢. Windings idle,

When intended to be started
either with a resistance
connected in series with
the field windings, or with

b)

1,000 V pila§ twice the
maximum rated excitation
voltage with a minimum of
1,500 V.. -

1,000 V plus twice the

maximm valuse of the r.m,s.
volbage, which can occur

under the spegifigd qtarting

7

. a)

the Tield windings on open
circult with or without a
field dividing switch.

Secondary (usually rotor)
windiﬂgs of induction motors
yvchronous indwc'imn

starting).
for non-reversing

eDfion 1, Exelters of
evmrhwwwwns_mgbgﬁg (fhn!wﬂ*ﬁc

Exception 2,

conditions,

! terminals
‘ WJV*&”’] sqg oy

L0000 V plus twice the

g operns
ciﬂouit atondstill vol

5 [0 06
28 measurad between sllpe

Prings or secondary termingls
with rated voltage spplied
to the primary windings

{1,000 V plus four times
i open-cirouit standstill
secondary volbtage as defined
in Ttem 7(a),

the

As for the windings to
which they are connectdd.

1,000 V plus twise the|rated
oxeiter yoltage, with §

synchronous induction m@tors)
if conmected to earth or dis-
connected from the field
windings during starting.

Separately excited
field windings of exclters -
(see Ttem 4,) :

minimum of 1,500 V,
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Note 1,

Note 2,

Note 3.

For two~phase windings having one terminal in common, the
rated voltage for the purpose of calculating the test
voltage shall be taken as 1,4 times the voltage of each
separate ‘Phase,

High-voltage tests on machines having graded insulation
should be the subJject of special agreement,

The voltage occurring between the terminals of the fleld
windings or sections thereof under the specified starting
conditions may be measured at any convenient reduced
supply voltage, and the voltage so measured shall be in-
creased in the ratio of the specified starting supply
voltage to the test supply voltage, TN

S

- vy v o .

@%
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CONTROL GEAR, MOTOR STARTERS AND MAGNETIC BRAKES AND CLUTCHES

14,00 - General, Motor control geary brakes and clutches should in
design, location and other respects comply with the recommendations
of Chapter 3,

14,01 - Casings and enclosures,

(a) General., General requirements are given in Chapter 3.

(b) Windows, Glazed windows of enclosing cases should be as
small as possible, consistent with their purpose, and suitable

Protec Y here necessary, agaivat ana¥@ental
breakage of the glass.

(¢) Unauthorized access. The provision of<{meaiy 0
handleg or doors of enclosing cases or compartments
where it is desirable to pPrevent unauthorized maniy

(d) Control gear for open~deck mounting ol nd
resistqrs for deck machinery, when exposed to T K
be of Watertight construction (see Clause(3, 1 reyiston may hoy-

ever bd made where conditions are sultabl
resistqrs while they are in usg.

14,02 4 Direction of rotation of\handwheels eto Handwheels and
handleg of starters and non-reversing Gnyiiiﬁers should be arrange
art t

[ )
]

A

s

to rotgte in a clock e motors. For contr
ling the speed of mokoks oF oR génerators the rotation
should |be c¢lockwise Bo ingreas 2 Mvoltage. If the movement
of the |handle is iv t 13 i

right 4o prod

This recommeéii%?
operatgd by a
motor gnd antdc

1”.03 + M 4 d 2
N
</\\%§Q;$®EQh;hical strength, Manually-cperated controls such as
levers |[andbhatdwkeeYs should be mechanically strong and their

movements \sh e limited by strong mechanical stops.

(D) Safety in handling, Manually-oberated controls snould he
so arranged and so guarded that the operator canrot inadvertently
touch live metal or be injured by arcing from the apparatus,

(¢) Temperature of handles., The temperature rises of handles
and other parts which it is necessary to handle in use should not be
greater than 15 centigrade degrees,

14,04 - Resistors.

(a) Supports. Resistors and their mountings should be self-
supporting, rigidly fixed, or supported throughout their length with
incombustible insulating material,
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(b) Corrosion. The elements of all resistors should be either:
i of corrosion~resistant material,
) effectively treated against corrosion,
1)  embedded in a material which will protect against
corrosion.

(¢) Inter=-connections. Internal connections between resistors
or from resistors to terminal boards should not include soldered
Joints (unless such Jjoints are also secured mechanically}, but brass
or copper brazing or adequate welding may be used. Such connections
should be so supported as to prevent breakage by shipboard vibratlon
or displacement which might cause contact between such conductors
and earthed metal or other conductors of differing potential, They
may be either :

(1)  Dpare connections, sufficien upnorted
to prevent movement,
or {(ii) connections insulated with CoOUBLNUdLSN “é>
ignitable non-~hygrescopiy Lexial
or (iii) connections insulated w
taken to prevent shoy

displaced,

- between

g
and regulatoys

14,05 -/ Resistor sections. To prevent d
contactls in service, the resis ¢
should pbe adequate in number &d S

14,06 < Connections to resistor ctions between resistors
and the| corresponding starters re G Ty ;',wr noald be
50 made| as to pPreven ]

subjectied to an exced iv.

208

The attachment of [exbed st should be madg
at suitfpble il h,_mes .1 clamps, or with %oukbuu whjch
should ot be

or other arran
is Proviided.

14,07 - B1dotral

differ tential )\ and between live parts and the case or other
earthe "
for the
should
appropny

, hot uubJected to hlnh tomJevauuwe,

-

across surfaces or in air, should be adeguat
ge under the conditions of installation, and
than those specified for marine service by an
iate authdrity.

o

Any parts of the case in proximity to the arc: from line contactors,
circuit-breakers or other contacts liable to arc, or in pProximlty to
rewirable fuses of non-filled type, should be lined with arc-
resisting insulating material.,

14,08 ~ Making and breaking circuit. Making and breaking of the
ecircuit or resistor switching in normal operation at full line-
voltage should be ensured without projection of molten metal and
without destructive arcing. Magnetic blowouts and renewable arc-
rupturing contacts should be provided where regquirved.
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A maker's type-test certificate showing that a similar starter or
controller has been subjeoted to at least 5,000 making and breaking
or resisting-switching operations under conditions no less severe
than those encountered in normal service without excessive wear, is
considered to establish compliance with this recommendation, unless
special requirements are specified, e.g. a greater number of oper-
ations may be required for apparatus intended for frequent duty.

14,09 « Renewal of wearing parts. Contacts‘and other parts subject
to arcing or wear should be readily renewable.

14,10 - Operation at voltages above or below normal, Contactors,
relays and other electromagnets should be capable of functioning
satisfactorily even when the line-voltage falls to 80 % of the normal
bus-bar voltage for d.c. equipments, or 85 % of normal yoltage at
nofmal freguency for a.c. equipments, when the coll 1 e dLempers
atihre which it Will attain under normal service at hg\igne
voltage,

They sheuld also function satisfactorily and withoud ;;ir
colls, when the voltage rises 10 % above the normal yolt i On 8.C.

supplies, when the frequency of the supply, n the
normal for prolonged periods.

14{11 ~ Voltage drop across series cofils Mage drop acrpss
series colls such as overload-trip/ev e solenolds, should

not be such as to reduce the motor
terminals,

1412 - Nameplates and labgls, janent nameplate should be|at-

ta Q arter, controller, resistor or

re lators and nee Vv identification marks to
fa¢ilitate re-or ri ] : els should be fitted indicating
th purpose op\e: cluding the effect of rotagion

y the

rel on
b case
Lch

b1

L routine

WOtk
The temperature rise of issuing air from ventilated resistors should
not exceed 175 centigrade degrees when measured at a point 25 mm (or 1 in,)
from the case. o

(b) Coils, The temperature limits of release, blowout,
contactor-operating and relay coils which are left in circuit
continuously at ratea voltage and/or current should satisfy the
requirements of an appropriate authority, , :

(¢) Contacts and conductors, Contacts and conductors should
be capable of carrying such currents (contimious or intermittent) as
correspond to the normal rating of the motor with which the control
gear is to be used, without injury to themselves or damage (such as
loss of spring tension) to adjacent parts of adjacent insulation,
They should also withstand currents corresponding to such overloads
as the machine or apparatus may be required to carry.
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(d) Parts other than coils, contacts and conductors, Magnet
cores and other parts, whether insulated or not, should not reach a
temperature which might harm adjacent material,

14,14 - Limitation of starting current. D.C. hiotors rated above one
kW should be provided with a starter or controller suitable for
limiting the starting current to the extent, if any, necessitated by
the rating of the available generating plant and of the cable network
or by the requirements for satisfactory starting of the motor.

For a.c. motors direct-on-line starting may be satisfactory where the
generating capacity and cable network permit.

14,15 « Undervoltage release and protection., Motors rated above
0.5 kW should be provided with either :

N

$ (a) undervoltage Protection, operative on thel recdusiion or
failyre of voltage, to cause and maintain the interrupti
in theccircuit until the motor is deliberately restart

or (b) undervoltage release, operative oh % of failure
of voltage, but so arranged that the motor re~gta sbonaticdlly and
withput excessive starting-current on restora s vided
that|the initiating control (which may be-g rostatip,

Prieuy Nte connections

NOTE r/motors or to ahy

h is essential fpr

14,16
vrov
the ¢
of 1l

in
ing

NOTE| 1. ee 9,14),
NOTE| 2,
ice is to cause the circuit to be opened| in
the current rising above a pbredetermined vallue
syérloading of the motor, An overcurrent deice
4 i quired, either associated with the overload depice
rter or separately installed, to protect the motor

tion should comply with the recommendations of OlaPses
QvQE and- O QEW

14,17 - Breaking capbacity., Fuses, circuit-breakers or other ap-
paratus operating on overcurrent, forming part of the control gear,
should be of adequate breaking capacity for the position in the supply
network at which they are installed, The breaking capacity of apPe
paratus operating on overcurrent should be in accordance with the
regquirements of the appropriate authority.

14,18 - Isolating switches. Means should be provided for the isclate
ion from all live poles of the supply of every motor rated at 0.5 kW
or above and its control gear. Where a starter or controller is
mounted on or adjacent to a main or auxiliary distribution switche
board, a switch on the switchboard may be used for this purpose.
Otherwise an isolating-switeh within the starter or controller
enclosure or a separate enclosed isolating=switch should be provided.
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14,19 - Starters remote from motors, When the starter or controller
or other apparatus for cubtting off all voltage from the motor is
remote from the motor, it is recommended that either :

(a) provision should be made for locking the circuit isclating
switeh in the "off" position,

or (b) an additional disconnectingeswitch should be fitted near
the motor,

or (¢) the fuses in each 1live pole or phase should be s0 arranged
that they can be readily removed and retsined by persons authorized
to have acaess to the mobow,

14,20 - Starters on switchboards, When motor control gear is mounted
on or forms part of a distribution switchboard or where the control
gear for several mobors is mounted in switchboard form, t—should
complly with the recommendations for distribubion switchboardsi so| far
as they apply (see Chapter 8).

14,2
(i.e
is u
ard

than
moto

natiE
Where
sery
be P
even

14,2

shou

WOy g

duri should
be ¢

the

Shun| are
guar sepies
res

Shunt-woiing and, compound-wound brakes should operate at such volihges

as WYY ensble” the requirements of Clause 14,11 to be met,

(b) Enclosure, For deck-mounted brakes, the operating coils
should be enclosed in a watertight case with drip=prosf protection of
the brake sheave and shoes or band, oy the whole brake should be
enclosed in a watertight case,

Por brakes mounted below deck, the operating coils should have drip-
proof protection,

(e) Temperature rise, The temperature rise of colls when
tested in accordance with the brake rating should not exceed that
permitted on the motors with which they are being used. Where the
coils are in close proximity to the linings, the brakes should be
tested under conditions suceh that any heat transmitted from the
frietion surfaces is taken into account, Where the motor with which
the brake is being used can run light for periods in excess of the
time of its full-load rating, the rating of the brake coils should
correspond to the light running period.
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14,23 - Magnetic clutches, The recommendations made in Clause 14,22
for shunt-wound brakes apply generally to magnetic clutches, When
the coil is energized, the clutech should take up the drive smoothly
and positively. No end-thrust should be exerted from the clutch, the
Pressure between members being balanced within the clutch itself.
Magnetic clutches should be balanced. Sditable means for taking up
wear on the linings should be provided.

Collector rings for currvent subply to the cluteh should be of non-
corrodible material, Double brush-contacts should preferably be
fitted to ensure positive contact.

14,24 » Use of typestest data. It is not interded that tests should
be made on individual items of apparatus to DProve ecmpliange~with
these Pecommendatiocns (or additional requirements which m
specified), where it can be shown that the apparatus is &imi
apparatus for which type~test data can be supplied by 4l ) Ty
except| for such individual tests as are specified 3 ji

14,25 1 Tests of operation. All apparatus should
the operation of all mechanisms and controls,

cordange with the scheme of controel, of all wle
operation in accordance with their calibratiogn, b
other releases,

14,26 + High-voltage tests,
on each apparatus at the manufa I
carrying parts and the earthed £
clrcuifp and other circuits of -if
in the %
Phere for at 1east £

ould be applied
g¢en the current

The tept voltage
(23

test vpltage 1’

The spp
freque

tagtvoltage should be applied for one minute at any
xeen 25, snd 100 ¢fs.

Items Q;ipmeit included in control gear but for which a test-
voltag '
may be yonne et 5
the appr@priate lower testavoltageo

(Por example, it is permissible to test fractional-~horsepower motors
rated at 0,5 kW or less, or small instruments, at 1,000 volts).

6y s

00 1 &) 6 6
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CHAPTER 15

SEMI-CONDUCTOR RECTIFTERS FOR POWER PURPOSES

15,01 ~ General

(a) This section deals with power semi-conductor rectifiers of
the copper~oxide, selenium, germanium, and silicon tybes, it should
be noted that each of these types of semi~conductor rectifier will
exhibit different characteristics with respect to changes in resist-
ance characteristics with age, use and temperature history.

(b) A semi-conducter rectifier cell is a device consisting of a
conductor and semi-conductor forming a Junction, The Juretion exhibits
a diffference in resistance to current flow in the two
throngh the Jjunction.  Phis results in effective cu one
direction only, A semi-conductor rectifier stack ds \ flumnar
structure of one or more rectifier cellsq.

g eries
stacks which themselves may be connected in<varien spbingti of
series and/or parallel circuits to form ] S

doubler, or other combination eirecuits,

or
polyphase,
15.0
ok ch a
manner that the circul R adr—tona ) 2 pifd its
encllosure (if ahy) ‘% i
inle 1 the
rectifier ing of
rectifiers
othe
med with
suff|i face
in e
witﬁ

Tmmersed typ rectlflers should be sultable for operatlon without

leakage during rotting of—the—shir—hreaccordarcewithClause—3+25.
15,0% « Accessibility

Semi~conductor rectifier stacks should be mounted in such a
manner that they may be vemoved from equipment without dismantling
the complete unit.
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15,04 ~ Insulation

{(a) The insulation and clearances of seml-conductor rectifier
stacks and units should be capable of withstanding without breakdown
for a period of one minute, the application of a 50 or 60 cycle second
alternating current r.m.s. potential of 1000 volts plus twice the rated
a.¢. voltage with a minimum of 1500 volis between current carrylng parts
of the a.c. input circuit and

(1) non-current-carrying metal parts which may be earthed

and (2) ocurrent carrying parts of an insulated secondary circult
where such a clrcult exlseis,

insula¥ ~
of withstanding an aTteInating earwemt test voltage
to any [non-current-carrying metal part which may be
secondary voltage is in the range of 60 to 90 volts,
current test voltage should be 900 volis r.m.s.

(b) Rectifier units having watertighd uld success-
fully geet the abeve insulation test after heving : egted to
the water test given in Section 3,1%.

insulation resistance of rectifie
potentlal of 500 wolts should gd
less than ten {10) megohms.
for drying by means of electrig -l
means ¢f applying heak,

the total maximum el

(d)
damage | selen
the vie¢initys

need

r will

15,05 ¢

ler
stacks
The P&
The neg

Solder|t
1ic rectifier stacks

15,06 - Ambient temperature

(a) Because of the harmful effects on semi-conductor rectifiers
of excessive temperatures for even a short time, it is recommended
that all semi-conductor rectifiers be rated for continucus 45 OC
ambient,
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(b) In the case of water cooled rectifiers, equipment must op-
erate "satisfa¢torily with a maximum cooling water inlet temperature
of 30 “C,

() All equipment must operate satisfactorily down to 0 ©C
ambient conditions,

(a) Cooling water temperatures and ambient air temperatures
should be determined at the point where the cooling medium enters the
rectifier unit enclosure,

(e) Where higher than the above ambient temperatures may be
encountered semi-conductor rectifiers should be derated to limit
the total maximum temperature,

15,07 -~ Temperature rise

limited to sueh a value as wiil permit the rect
spe¢ified performance requirements.

15,08 - Application

des

ld operate
due
b ssary

[t

lications of semi-conductor restifiers shouLd
hs of plus or minus 5% frequency ami/@r rlus

) \ALY applications should contain schematic and wirihg dia-

15,09 = Transformenrs

Transformers used with rectifiers should have separate windings
for the primary and secondary clircuits,

When the transformer suppPlying the vectifier is located within
the same enclosure as the rectifier, the maximum oPerating temperature
of any individusl part should not exceed the temperature limits
established herein for that part.
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15,10 = Nameplates

(a) The following information should be included on the name-
pPlate of semi-conductor rectifiers:

(1) Marine semi-conductor rectifier

(2) Manufacturer's name and address

(3) Msnufacturer's serial number

(4) Rated a.c. volts

(5) Rated a.c. amperes

(6) Number of phases

(7) Frequency

(8) Rated d.c.volts

(9)—Rateddre—anmperes AN
(10) Duty cycle (continucus or intermittent

(11) Maximum ambient temperature

shown orn the rectifier stack :
Manufacturer's Identificatio
(¢) When the above items cannot
because |of space limitations, at least 3
to identiify the manufacturer's vam :
unit shquld be supplied.

15,11 ~ [Tests

made to
with the
already
sary to

specifig

€20 650 G £33 55 €34 £
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CHAPTER 16
ACCESSORIES

16,01 = General requirements.

(a) Accessories should be so designed and constructed that
the passages for the insulated conductors are of ample size and are
free from rough Projections, sharp angles, and abrupt bends, All
cutlets for cables should have well=rounded edges or be suitably
bushed.

(b) Accessories should be so designed, and the insulated
conductors should be so installed that stress cannot be applied by
the conductors to any terminal to which the conductors may be cone
nected,

and moisture cannot readily accumulate on live parts
insulation,

16.0
bron
corn

16,0
of 4
whic
inde

mable
t
ed .

Wher
inde
copy
depd

no

Wher
test
comy
stru

s
e used,
16,0

4
the

be of
dard types =

Tablelb, I

I1.E.C, designations for lamp caps

Name of cap Designation
Screw capss

Goliath E.40

Medium E, 27

Small E. 14

Miniature E. 10
Bayonets

Normal o B,22

Small single-contact B,15 8
Small double-contact B.15 4

# The designations adopted by the International Electrotechnical
Commission for lampholders and lamp-capPs are given in
Table 16,T, abovey: . .~
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For lamps of rating not exceeding 200 W. Standard bayonet (B.22) or
Medium Edison screw (E.27)

For lamps of rating exceeding 200 W. Ggoliath Edison screw (E.L40)

, (b) Lampholders should be constructed wholly of flame=-
retarding and non-hygroscopic material and supports of live parts
should be of non-ignitable material preferably of ceramic material.
A1l metallic parts should be of robust proportions, Goliath lampholders
should be provided with effective means for locking the lamp in the
holder.,

16,05 - Ceiling roses., Ceiling roses should be constructed of flame-
retarding, non-conducting, non-hygroscopic material, S~

16,06 -| Socket-outlets and plugs.

(a) The live parts of socket-outlets and pluis nh 1d\be\s
Proport VAN
the sur

working

they ca
It shou
socket

locked
if the
50 % g
voltage]

socket
made th
The ply
they wi

impossy
positic

d.Ca

eircuit ) ] # hing-pin ‘
such other type as may be approved by the appropriate authority and
for three~phase supplies they should be of the three pole and earthing-
Pin type or such other approved typPe as may be approved by the ap-
propriate authority, See also 16.06 (h).

(g) The socket outlets may if required be interlocked with
a switch., See also 16,06 (J).

(h) Watertight socket-outlets and plugs should be of specially
robust construction and should be provided with effective means to
maintain the socket-outlet watertight after the plug is removed
therefrom, Where a loose cover is used for this purpose, it should
be anchored to its socket-outlet e.g. by means of a chain, When the
plug is inserted in its socket-outlet the combined fitting and the
interlocking switch, if any, should also be watertight.
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(i) Every socket-outlet rated at 16 amperes or above should
be provided with a switch so interlocked that the plug cannot be
inserted or withdrawn when the switch is in the "on" position.

(J) Where differing distribution systems supplying socket-
outlets are in use, the socket-outlets and plugs should be of such
design that an ingorrect connection cannot be made,

(k) All plugs and sockets for 110 V., and 220 V, direct current
and exceeding 42 V, but not exceeding 380 V. alternating current are
to be Provided with an additional contact for earthing the casing
of the apparatus, The earthing contact is to have an adyance of at
least{ 5 mm (0.2 in.) in relation to the live contact pi when\QSiarting

the plug.

16,07| = Joint=boxes, Live parts should be mounted. on\ durakle
ignithble, non-hygroscopic insulating material, ¢ =X
dieleptric strength and insulation resistance,
be so| arranged by suitable spacing or shieldimg
insulpting materials, that conductors of epPpPo
condupctor and earthed metal cannot readily be si
live parts should preferably be suppo

glazed surface or of material with

16,08 - Inspection- and draw-
inspeption- and draw-boxes sh
alectirleal and m@chanical connec , 2
conduits this conneckd Y by screwing into the b
or into a device clampid E e wall of the box, For
copper conduits fi
soldepring a suitab
cured| to t )
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- CHAPTER 17
LIGHTING

17,01 =« Lampholders far‘general purposes, Lampholders should be of
standard types in accordance with Clause 16,04,

17,02 = Use of watertight fittings, Lamps which are exposed to the
weather, spPray, drip or condensed water should be enclosed in weather-
proof fittings. Lamps which are used near readily combustible
materials should be installed in totally enclosed fittings.

17,03 = Use of flameproof fittings, Lamps which are used in spaces
containing explosive or inflammable powder or gases should be—ig-

stalled [Iin flameproof rittings, with the exception of acc
compartments where watertight fittings may be used.

17.04 - |Exposure to mechanical damage, Lamps which a
more than oevdinary risk of mechanical damage should \
fittings of substantial construction and should be Protechbs
such damage.,

17.05 - |Shades of combustible material;
material should be used unless it is separs
metallie grid or suitable suppork,

17,06 = |Portable lighting fittings,

the illdmination of decks, holds

should Be provided with lampholder

shrouded in insulating raterial iy

insulated from the h.«dem~

Switches should nolt be My wrate n portable lighting fittings
in thes¢ spaces,

17,07 = |Navig g 1i s;
and should be in accordance with an

should Be metal» ‘
interna i@n@l
H G INSTALLHTIONSwGENERAL

17,08 «(f\}m. \mg\gpa . All reactors, capacitors and switching

apparatps forming Part of a discharge-lamp installation should be
enclosed in sarthed metal, The temperature-rise of these parts
should belin acoardance with the appropriate I.E.C, Publication*,

17,09 = Discharge of cabacitors. Every capacitor of 0.5 microfarad
or more should be provided with a protective leak or other protective
means which should reduce the voltage of the capacitor teo not more
than 50 V. within one minute after disconnection from the supply.
source,

17.10 - Warning notices, In ships where d.c. is normally used,
switehboards and distribution boards for a,c. circuits should be
provided Witb notice boards bearing the inscription,

WARNING
soososssecs VOLLS &.C,

* TIn preparation, )
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DISCHARGE LAMP INSTALLATIONS - VOLTAGES
OF 250 V, AND ABOVE

17,11 = Design of lamps and lampholders, Electrodes for discharge
lamps and lampholders 1n installations supplied at 250 V. or above
should be of robust construetion, having regard to the voltage
employed, and should be so designed that no danger of contact with
live parts can arise if the glass tube 1is broken,

17.12 = Protection of live parbts., All live paris of discharge lamps
should be so placed arnd installed that they cannot be touched in-
advertently, the creepage distance along the surface of the glass
tube being taken into consideration,

17,13 ~ Clearances. The installation should be carrie due
reggrd to the voltage employed. The distance betwe or
between these parts and other metallic parts, measyred d
everywhere be not less than the value obtained by diyidi {

voltage measured in kileovolts by 2.5 subject to\a minimugm cf ice
of 2 cm,

17.14 - Earthing, : ying metalllc Parté of the in-
stallation should be effectively 9arth@d ket af, 12 is not always
necéassary to earth metallic s Lamp i iote

from terminals to support dige : ) y
able to earth such oclips or\eclamps in \o r tS reduce interference
with radio reseption, Ses al AN ]

17.1 N AL motorsgenerators and transformers
shoy Le A“.vf SFOD A wWindings electrically separated,

17,1 witehes armsbiing /the installation to be complete
ely ] 1 'n~,ly shoald be provided for motor-generators
and : ) kes should be placed in the immedidte

viel d should be spPecially marked,

17,1 p i Thie 1nsta13ation sh@uld be pr0vided wit

WARNING
HIGH VOLTAGE

SEARCHLIGHTS

17,18 Insulation of live parts, Searchlight lamps should have|all
11vewparts’inééiéﬁé&"ffom 2 "rame or Gase.

17.19 ~ Parts handled by operator, ALl parts of a searchlight lamp
which have to be handled for its operation or adjustment should be
insulated from the supply with strong non=-ignitable material of
substantial procportions and be so disposed that there is no risk of
shock to the operator,

17,20 = Earthing, The frame of every searchlight lamp should be
provided with a suitable terminal for earth connectlon, and such
terminal should be effectively connected to earth., Sees Clauses 4,01
and 4,02,

117w


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

17.21 « Control of supply. Every searchlight lamp should be
controlled by a fuse and a switch on each insulated pole. Where
more than one pole is insulated the switch should break all poles
simultanecusly.

17,22 = Suez Canal lights, For vessels navigating the Suez Canal,
provisions should be made to meet the 'Suez Canal Maritime Company’
requirements, particularly those relating to searchlights,

ARC LAMPS

17,23 « Application of arc lamps. Arc lamps should be used only
for searchlights or cinematograph projectors, T~

17,24 o Series resistors., If a series resistor is used wit
arc lamp the controlling double pole swiltch should be g
in the |supply leads that both the series resistor a
are disconnected when the switch is in the "off" pe

e € €8 T £

§F
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CHAPTER 18

ACCUMULATOR (STORAGE) BATTERIES

18,01 -~ Scope, This chapter relates t6 accumulator (storage) batteries
which are installed permanently in position, and not to batteries of
the portable type,

18,02 ~ Types of battery, ~ In geheralg accumulator batteries may be
of lead-acid or of nickel=alkaline typbe, due consideration being given
to suitability for any specific application,

" 18.03 « Construction and asgembly, All plates should be of figid
congtruction, and should be designed for the least practicable
sheddins of active material; £

18,04 - Trays., The cells should be grouped in crate
congtruction and suitable material equipped with hand

13itate

hangling, The number of cells in a tray will 4 t

and| on the space available for installation, \ S

shof ¢

18, le

name esigne
atip

(prg ication)
and when

the
18, niections and terminals| for
con| wiring should be suitaple
for rrent Ledy For diesel-engine starging-
batheries with b 14 arge=-rate this may require connecting

barg of rigid Qe B& : er in posts or other special proyision,
18,07 - Opzi ighting fittings should be of watertight
type and Preirid ek glass and a strong metal guard,

18,08 7»&@0 thony

Ba teries should be located where they are not exposed to
exop extreme cold, spray, steam, or other conditions which
would air erformance or accelerate deterioration, Batteries for
emepgency Sservice, ineluding emergency diesel-engine starting, ould
be [located where they are protected as far as practicable from damage
due to collision, Ffire or ovther contingency.

(b) A large storage-battery, such as for emergency lighting,
should be installed in a room assigned to the battery only, but may
be installed in a suitable deck-box if a room is not available,

(¢) Batteries of moderate size (20 - 36 volts) suech as those
for engine starting or communications supply, should preferably be
installed in the space with the emergency lighting-battery. However,
such batteries may be installed in a battery locker (or lockers) in
the emergency-generator room, machinery space or other suitable
location, Batteries should not be installed in sleeping quarters.
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(d) Small batteries of 12 volis or less for emergency radio
supply ete,, should each be installed in a battery box located as
desired, except that it should not be within 180 em (or 6 f£t.) of
radio apparatus or other delicate eguipment which would be mude
inoperative by slight corrosion from battery gases,

(e) Starter-batteries should be located as close as practic=
able to the engine or engines served, to limit voliage drop in cables
at the high current reguired,

18,09 - Access, Batteries should be arranged to permit ready access
for inspection, testing, replenishing and cleaning.

18,10 - Lining of shelves and boxes. Shelves in battery rooms or
lockers for acid batteries should have a watertight lining of sheet
lead of 1.6 mm (or 0,0625 in,) minimum thickness, not less than 76 mm
(or % in.) deep. For alkaline batteries the shelves shoul
in a sinilar manner with steel, not less than 0.8 mm (o0x<0, 0;
thick, Alternatively, a battery room may be fitted wid :
tight lead (steel for alkaline batteries) span over . th
carried up not less than 15 cm {or 6 in.) on all sf
should e lined in accordance with the above alberns
Boxes flor small batteries should be lined to a j
consistlent with the methods described aboves

N )

18,11 o Fixing and supports, Battery tray
checked with wood strips or eqw;~ b

tray should be fitted with nors
less than 19 mm (or 0,75 in,) hig
spacer [blocks at the sides, or wit
19 mm {or 0,75 in,) spaces all T,
18,12 -
cluding
with cdrm

Painting,
\ A

18,13

rs and boxes for storage batteries shquld

be arpra Y to avoid accumulation of inflammable
gas,e should be given to the fact that the gas
avolved thanm\&ir, and will tend to accumulate in any

pocke k D of When batteries are arranged in twWo
or mord Tiers)-/all>sklelves except the lowest should have not less
than 5 | < ») Space, front and back, for circulation of air,

ventllatian may be employed if duets can be run direotly from the top
of the room to the open air above, with no part of the duct more than
450 fProm vertical, If natural ventilation is impracticable, mechan=
ical exhaust-ventilation should be provided with intake at the top of
the room. Fans should be capable of completely changing the air in
the battery room in not more than 2 minutes. Interior surfaces of
ducts and fans should be painted with corrosion-resistant paint.

Any fan motor associated with a duct used to remove the air from an
accumulator room should be placed externmal to the duct, which should
be arranged to discharge into a safe sbace, Adequate openings for
air inlet should be provided near the floor,
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PWV lockers should, if practicsble, be ventilated
"y rooms by a duct led from the top of the locker
* 1o an exhaust-ventilation duct but, in machinery
z} ' wel1~vent11ated compartments, the duct may termine
ate not less than 91 em (or % £t ) above the top of the locker,
Lavres or the sguivalent should be provided near the bottom for the
antrance of ale,

{a} Deck boxes should be provided with & duct from the top of
box, terminating at least 122 cm (or 4 £t ) above in a pgoose-neck,

rosn=head or the eguivalent, to prevent entrance of watewr, Holeg
alyr ivdet should be provided ou at leasgt twoe opposite sides
: > antive deck box, including cpenings for vernbil
e sufficlently weather-tight to prevent entrance of spray ov

&@} H%Y@” fOT smajl batterie PEUUIre o vers

i of ZE5,

e Lk

For floating service, oy for
nacted to the hattery while
wyeyoltage should not excaed «

th@
any b=
sired The voltage
tifier or veeiifiecrs
ould be sulbable

floated on the line ywith a
should be capable of withe

13 the
S,
real Swuﬂ be&ng p&g fded
3 way Provide chavglile
*3 %he dﬂ@angemenﬁ af .u%mmahiO_transjer
At amergeney supbly 1s available whe
or not.

) «Pe charging-rate, Exﬁra«l@wmvﬁlt-ﬁ@ k“bbéﬂies pra‘ld@d
nhieate fop sommunieations supply (mwm dn mepylos  dhe othewlon
ild be charged at a rate nmﬂ0791fate with the average

avpe vate,

”}Viﬁf
dilaol

(e} Por batteries which normally stand idls for long pericds,
trickle charging to neutralize internal losses should be provided
whers Drachticable,

(£} Where the batteries are charged from line voltage by
s of a series resistance, Protection against reversal of current
;4 be provided when the charging voltags is 20 % of the line
‘w%n@w
nent will not apply where semi-conductor rectifiers are

8“15 =~ Semi-conductor recetifiers., They should not be located in Hogitions
where they would be subject to the gases from asccumulators,
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CHAPTER 19
HEATING AND COOKING APPLIANCES

19.01 ~ Temperature limits of exposed parts. Electric heating and
cdoklng appliances should be so constructed that parts which must
néoessarlly be handled in use cannot become heated to a temperature
exceeding 55 °C,

19,02 - Heating elements., The heating elements should be of materilals
durable at the highest temperature which they attain and should be so
arranged that they can be readily replaced.

19.0% ~ Internal connections.

(a) Electrical connections between heating elemeﬁjg\fhould be
effected—etther b,y Juiuiﬂa Parts f—the—elements—themselyes C: 1,\:’.
such cpnstruction that the connecting c¢onductor will no
at the| maximum temperature to which it may be subjected,

(b) The connections between the element - and
to the| supply cables should be carried out with the aid i S
The cophnections should be such that the termi X
not inpreased in temperature above that for whlv b1 2 _de'si .
For rupber-insulated cables the temperatu
exceed| 75 °C.

(¢) Connections betwee Mg a ing
elementts and terminals to which in uAates

unless| self-supporting or rigidis )
continpously insulated with s

19,04 b Support of ¥ive p
elements or termipals, skiould
which [is non<hygriosgopic ©

of moisture.
19.05 |- Guard;;

suitably guar he. guar Should be of robust construction and so
fitted that nned bpought into contact with any current-
carryi pParts of cooking appliances should be s0 proflected
that 4 utensils cannot be brought into contact with them.

4

19.06 1 heating and cooking appliances, whether portf-
able o ould be provided with suitable terminals for earthing
the mejtadlic amework, and such terminals should be effectively cgn-

nected 0 earth.

19,07 - Stability. Portable heating and cooking appliances should be
of such shape or so weighed that they cannot easily be overturned.
Suitable stowage positions should be provided,

19,08 - Tests. Heating and cooking appliances should be tested by
the makers and should; when cold, be able to withstand the application
of an a.c. voltage of 1,000 volts plus twice the rated voltage,

at a frequency of 25 - 100 c¢/s, for one minute, between all currente
carrying parts and the metallic frame,
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19,09 - (uarding of inflammable materials., All inflammable materials
in the vicinity of heating and cooking appliances should be protected
by suitable ron-ignitable and thermal-insulating materials,

19,10 - Tyves of space-heating appliance (electric radiators). Space
heaters should be of the gonvector Lype, except that heaters of the
vigible-element type may be used provided they are designed and ine-
stalled in such a manner as to minimize the visk of fire,

19,11 - Construction of space-heating appliances {electric radiators).,
Space heaters should be durable and all parts should be of strong
construcibion. All serews and wmibs should he loaked, The openings
of the protecting guards should be sufficiently parrow to prevent
the heating elements from being accldentally touched or §h@@§wcircuited,

19,1 = Design of space-heating appliance
Spacp-heating appliiances should be so des
clothing or other infiammable material 2a

them in such a mannsr as to cause yigk of fix

L2

19, 1
Spacp~heating appliances should be 80 moyp
risk '

19,1 = Avoidance of inflammabie gages
mable @ ]
ignifting them sis

<D
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CHAPTER 20

INTERNAL COMMUNICATIONS

20,01 ~ Scope. The scope of this chapter includes every kind of

electrical internal communication such as :

Engine-room and docking telegraphs

Fire alarms (automatic or manually actuated)

Alarms for the engine room
Alarms for watertight doors
Sirens

Bells and call systems

Remote temperature control and indication /N

Helm indicators

Automatic steering control
Electrical compass systems
Telephone installations

Light signalling systems
Clocks
Logs,

20,02 |- Voltages. It is recommended
be usdgd, those which are undepdined

20,03 | Motor~gener§;;;§\é;£\%ra

transflormers use

eircuifts should,
recomnendati
Chaptgrs 12,

20, 04 |- Suppﬁ\f m DOw

or lighting clrcults. Where a communicatfion

systen iks supply direct from power or lighting circuits ard
in oth hepe \the dvoltage of supply exceeds 50 volis a.c, on
60 V. es,Vwires, switches, resistors, distribution
boardé ies,\instruments and other apparatus should be

ed throughout in all respects in accordance with
tions applicable to power and lighting circuits,

20,05

« SUPPLY at a voltage Not eXceellng HU V., 8sC, O DU V., U.Co

Where a communication system derives its supply from motor-generators,
Primary or secondary batteries or static transformers and is entirely
electrically isclated from the lighting and power circuits, and the
voltage of supply does not exceed 50 volts a.c., or 60 V., d.c.,, the
switches, resistors, distribution beards, accessories, Instruments and
other apparatus should be of robust design and so installed as to
ensure an ample margin of safety, having regard to the voltage

employed.
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20,06 - Cables, Cables used for internal communication should be
fitted in a similar manner to cables Installed for lighting and power
supply and should be segregated from the latiter unless either the
lighting and power cables or the communication cables are metal
sheathed. v

Cables should be suitable for the rated voltage and current of the
connected load. Voltage drop should be so limited that normal
operation of the connected egquibment is ensured.

20.07 ~ Puse Dbrotection. Communication circuits other than those

supplied from primary batteries should be brotected on each insulated

pole by fuses of a current rating corrvesponding to the rating of the

cable., Where a feeder is used for a number of LnUOfnal 39m@3nlcation
1A

1 i =
clireu uo, each \,.L.L\,\AJ.\J, ae—nett—as—the—feeder J.um\,.n.;., shretd

brotegted by fuses,

20,08| ~ Arrangement of circuilts. Communication cirewit
50 arranged and terminal boxes so designed, fitted
othery
necesg
to ol
The ¢
fereng

20.09
Provi
enging
timbre
noise
be gi

[$

20, 10| - Engine~rgbmd§‘ rm_SOundexrs: 1 aural alarms in the engink-
room Bhould he so ASSIEr \EQ\§§ readily distinguishable from
one ahothe

20,11 ~ 41we/x ¢ alarms should emit a Powerful and

readily disdingudshabie
20, ost Lion installation, All apparatus should be

"‘5m talled in accordance with Clauses %.13 to 3.25.

i 22 bt o 0

125~


https://iecnorm.com/api/?name=ee2505a886527878dda66c2be6103f1b

CHAPTER 21

ABATEMENT OF RADIO INTERFERENCE

21,01 ~ Scope of this chabter.

(a) Por the purpose of this chapter, interference is defined
as follows :

Any radiation or any induction which endangers the funct~
ions of a radio-navigation service or of a safety service or
obstructs or repeatedly interrupts a radio service,

(See also Clause 21,19).

(b) This chapter deals mainly with interference caused by
shipsTelectrical ingtatriation N ST AN N OLTR GO VMY, (1T SNV Recommarrdations
are made for the best practice for radio=receiving-room/congtruetdon,
aerial layout, electrical installations and ships® eadidment, , Ror
‘ensurlng the greatest freedom from interference and 7 educ Mg \Lo
a minlmum the need for suppPressors.

Interference of the following typbes is not deé

i) Atmospheric noise,
ii) Reception of unwanted trathshissions:

- ) fadio (including
radar) equibment installed on shipbos jshnot fully dealt with sipce

its ayoidance is in part relateds i planning and design
of th¢ radio eguipment, paid to the risk of

such Interference when the ing iS\désigned and tested,

(d)

passenger ships

good ])racti
S RE

MEASURE A

70
21,02|- Posim\a&r\iai\s,}

1. \aerials, whether for transmission or reception,should

chapter applies primarily|to
ships it represents a code oOf

be ex4 ar above and as far away as possible from electrical
machis arts of the ship's structure such as funnels,
stays

=3 s
to be subject to the least possible interference from all transmitting
aerials, including those used for radar.

(¢) Receiving aerials should be so designed and erected that
risk of incerference between recelving systems is minimized.

(d) The erection of additional aerials after the direction-
finding apparatus has been calibrated should be avoided as far as
possible, and if it is necessary to erect additional aerials, the
direction-finding apparatus should be re-checked without delay.

(e) Receiving aerials for the radio receivers for use by
officers, crew and passengers should consist of a communal aerial as
remote as possible from the ship's aerials,
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21,0% ~ Aerial leads,

(a) The leads of all aerials used exclusively for reception
should be sereened. The screen should be effectively earthed at the
receiver and should extend continuously from the recelver input to
as high a point above the ship's structure as practicable.

NOTE l: Where a single aerial is used for both transmission and
reception, it may not be practicable Lo screen the lead.

NOTE 2: Where a twin feeder, balanced to earth, is used between aerial
and receiver, this may be unscreened.

(b) The leads of all direction-finding apparatus should be
screened, The screen should be effectively earthed at the receiver
and should extend continuvously from the receiver input to the lower
part |of the direction-finding aerial, which should be D&¢ high
as pPracticable,

21,04 ~ Radio cabin.

the ghilp as to facilitate compliance with Claw;
prefgrably be a complete metal box built Antd&
electromagnetic screening is provided,
(See |also Clause 21,20 (a)).

iqally
he
n

the Bls
uppety
metal
shoul
strug

p's

lction,

the 1

intey tal
strud abin
shau]' gide
with

NOTE 4 itable reelving materials arve copper sheet not less thap

9 ,022 in.) thick, or copper netiting of similar

prov1ding ebseﬂtlal services sueh as power, 11ghting, ventllatlon,
communication and remote control, Port-holes, windows and hatches
should be provided with detachable metal screens capable of being
electrically connected to the metal structure or screening. Cables,
ducts and pipes which do not terminate in the radioc zabin (including
ventilation trunks) should not be installed within it, and those
cables, ducts and pipes which must enter the room should be bonded
at their point of entry to its metal structure or screening.

411l cables should preferably enter at one point,

21,05 -~ Earthing of apparatus and cable screens,

(a) A copper earth-busbar should be fixed along the bulkheads
and bonded at several Points to the ship's structure and to the metal
structure or screening of the room. All apparatus within the radio-
recelving room should be earthed to this busbar.
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(b) Cables associated with receivers and transmitters respect-
ively should be kept apart as far as possible,

21,06 - Housing of power plant. Power converting plant placed within
the radio cabin should be housed in a separate screened enclosure,
unless by virtue of its construction it is self-screened,

21.07 -« Cable entries, When necessary cables should be fitted with
suppressors at their point of entry into the radio cabin, unless they
terminate close to the point of entry in equipment which itself
Provides adequate screening and suppression,

21,08 - Other radio apparatus., Nonwessential radio-frequency apparatus,
e.g. broadcast receivers for entertainment, and the associated wiring
should be suitably placed and if necessary screened, so that it neither
interferes with essential services, e.g. communication, direetion-
finding and cerzain navigational alds, nor increases the
ibility to interference from other sources.

MEASURES RELATING TO THE RIGGING

21,09| - Insulation or bonding of rigging. N
be infulated from or bonded to the ship's strict
with the following considerations :

(a) Stays which are subject to| col tension, such as
mast shrouds and funnel stays, ALPoint near the
lower|end of such stays shoud :ol dly earthed by means of a
stranfled copper conductor not 3 mm2 (or 0.03 in ) Crpss-
sectipn and earthing connectio

h (a) above, insulation shopld be
used Where possiblé et bagnding as it glves more reliable
results and redu 5 , v\wmaintenance., In particular, rigging
withih 9 m (or REA ; ectioh-finder, especially where it

forms|a loo AN Lregtion=finder aerials, should be insulated
from the sh Suruet» eadd sub<divided into portions not exceeding
6 m (pr 20 ft. hy Ainsulated from each other.

MEAS THE WIRING INSTALLATION

21, 10| = ‘;;;gi\ :;k%;%rence above an acceptable level may be greatly
reducgd s eliminated by observance of the recommendatipns

made or the installation of cables and conduits, angi of
the f g Clauses 21,11 - 21,14,

21l,11l=-Tybes of cable, All permanently installed cables within Olm
(or 30 ft.) of any aerial system, radio cabin or direction-finder,
unless a uetal deck or bulkhead intervenes, should be metal-sheathed,
metal=braided or otherwlse adequately screened. In such situations
flexible cables should be screened wherever practicable,

21,12 - Cable runs,

(a) It is important that cables other than those feeding
services in a radio cabin should not be installed therein, Cables
which must pass through a radio cabin should be run in steel conduit
or trunking throughout their length, Cables which must pass near a
radio cabin should be grouped into a minimum number of runs separated
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as far as practicable from the room, at least by one metal bulkhead
or metal deck. Direct attachment of cables to the opposite side of
a metal bulkhead or metal deck bounding the radio cabin should be
avoided.

- (b) Where it is necessary to use single-core cable, the lead
and return conductors should be fixed as close to one another as
possible and should be so run as to aveid loops or partial loops.

(¢) Particular care should be taken to segregate cables
carrying pulses of high amplitude and power cables supplying units in
which such pulses are present. The use of screened cable alene 1is
often inadequate in such cases and it may be necessary to use screened
cable run in heavy~-gauge conduit.

21.1% - Bonding and earthing. Metallic sheaths of cables and conduit

should be earthed, and bonded to any adJjacent cable sheaths orsconduit,
at the ends and also at as many intermediate points as pr
such pgints being well distributed and readily accessib
The metiallic screens of flexible cables should be ear e
point ere they are connected toc the supply, and bonde 22
work of| appliances to which they are connected.

21,14 - Wiring of sound-reproducing equipment. 6 Otk S ing
equipment is installed, all cables includin ; ! : ng
audio~flrequency currents, should be metal«she fhe e » ]
otherwilse adequately screened and eavthed,\ oB rupn ik ilc

conduitf.

MEASURES RELATING T@Z& 0!
21,15 - 1 n;\\Biggzﬁ recommendations mads
in Claus nd \& certain machines and
appliare t e/ship or their mode of

operatios se i} § . an agceptable level,

Suppres ¢ machines and appliances which
cause interferentg a s Rtable level, with the exception of

machine app s whkceh are” normally used only in port and

which d s)¥ 3 3 terference with radioc services in use in

port.

21,16 - >gompustion engines. Electrical ignition systems fgr
intermn <bi\befgxgir\esp including those which may be used on
lifebodts) completely screened, All leads should be scrdgened

and shduldibe as short as practicable, particularly the lead from the
ignitigniceil any) to the distributor. Although screened, the
igniticw—sy stem—shoutd—ret—be—i Lm\.ti\,ull:y seated—since—proviaieon

for ventilation is necessary.

21,17 « Electro-medical and similar apparatus. Electro-medical and
similar radic-Ffreguency apparatus should be installed only in
compartments similar in construction and wiring to the radio cabin
(see Clauses 21,04 - 21.07).

21.18 - Navigational instruments and associated equipment. Navigational
instruments and associated equipment, such as radar equipment, gyro-
compasses, echo=-sounders, revolution indicators, clear-view-screen
motors, navigation-light indicators and impulse clocks, should be
screened as far as practicable and should be fitted with suppressors
wheré necessary.
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AYPENDICES

to CHAPTER 21

21,19 = Nature and causes of interference., Interference of the tybe
considered in this chabter may be regarded as the random excitation
of a radio-receiving system by fluctuating electro-magnetic fields.,

The greater the intensity and the higher the rate of change of these
fields, the more widespread the interference.

Causes of changes in electro-magnetic fields are

(a) Abrupt variations of current, as occur in commutators,
motor-starters, switches, contactors, bells, electro-medical equibPment,
mercury-arc rectifiers, revelution counters, electrical steering-gear,
gyro-compasses, lifts, thermostats, etc,

‘b) ﬁ.b'ﬁ-’!ﬂyi'3183"9°Qti@¥‘ in-contact pegistance opr othdp 2
of strpicturesin an electric field, as may occur in riggil )
metallic structures such as a metal topPmast, derrick, rad

Interference caused by such changes in flelds may
radiation or induction from the point at which they
radiation or induction from 23

the solirce of the interference.

Interfprence radiated or induced directly fr
reduceql when the interfering equibment

or cage, or below one oOr more mit
this ipterference far beyond T , k } as
important to prevent interference fnon INg con ; . prs
as to Peduce radiation and, ind ction intecferenc 1 o,
Interfe - tly
reduced by the £ittl
plianc ce from conductors is greatly
increak form partially-closed loops, or when lead
and refpurn condu 2 Wwidely separated. It is thus preferable| to
use twin ea ¢ 1f single-core cables are used)

to run| the lead

- Rele«égk

=3
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21,20

o

ls,
1iCe

The station shall be placed as high in the ship as is pract
able so that the greatest possible degree of safety may be
secured, "
Chapter IV, Part C, Regulation 10(r), states s

" A1l steps shall be taken to eliminate so far as 1s possible
the causes of, and to suppress radio interference from
electrical and other apparatus on board."

(b) Radio Regulations of the International Telecommunication
Union, drawn up at Atlantic City, 1947.
Chapter V, Article 13, Section II(377) states s
" Administrations shall take all practicable and necessary steps
to ensure that the operation of electrical apparatus or in-
stallations of any kind does not cause harmful interference
to a radio service operating in accordance with the provisions
of the present Regulations,"
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CHAPTER 22

LIGHTNING CONDUCTORS

22,01 = Ships requiring lightning conductors. Lightning conductors
should be fitted to each mast of all wooden, composite and steel
ships having wooden masts or topmasts, They need not be fitted to
steel masts in steel ships.

22,02 -~ Size of conductors. In wooden and composite ships fitted
with wooden masts the lightning conductors should be composed of
continuous copper tape or rope having a section not less than 75 mm2
(or 0.15 in ) which should be riveted with _copper rivets or fastened
with epoprer—elamps—to—s table—aobber nilke—no OES _.,ﬁn mm
(or Of5 in.) in diameter, progeoting at least 150 mm (o¥X\6 in.)>abpve
the tpp of the mast. Where tape is used the lower end\of TheQtap
should terminate at the point at which the shrouds l

(43

and should be securely clamped tO & copper rope hd s Lio

not 1kss than 75 mm® (or 0,15 in®), SaoMld e et
down [the shrouds and should be securely clamped {o\ aeoppen plate |
not less than 0.2 m (or 2 £t°) in area, fixed \ v the lighft-

load Waterline and attached to the ship' i s manner thpt
it shkll be immersed under all conditions of

22,074 - Wooden sips with steed\mas w composite shilps
fitted with steel masts, eachumast ‘should.ba connected to a copper
plate| in accordance with Clause 225
securely attached to and in gbod electpical contact with the mast
at or] above the point at whic tQ:::;
22,04 - Steel shipéigzkn(;ggéég

wood

tape
abov

n steel ships fitted with
should be composed of copper
., as set forth in Clause 22,02
er tape or rope should be securely

No connectflion

22,0 - Reststapce. The resistance of the lightning conductor
measyred” between the masthead and the point on the earth plate or
hull to which the lightning conductor is connected should not
exceed 0,02 ohms,

22,07 = Barthing in dry dock, Sultable means should be provided to
enable ships when in a dry dock, or on a slipway, to have their
lightning conductors or steel hulls connected 4o an efficient earth
on shore,

B s v Y o w0 1l
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CHAPTER 2
TANKERS

23,01 - Scope, The following recommendations are additional to those
contained in other chapters of these Recommendations and apply to vessels
either carrying oil in bulk having a flash point below 65 OC or carrying
exclusively bulk oll cargoes regardless of flash point, Where flame-
Procf construction and apparatus are specifised in this chapter, the
recommendations applicable to flameproof apparatus made in other
Chapters, particularly Chapter 16 - Accessories, should be observed,

275,02 - Ships service systems of supply,
See Chapters 6 and 7. RN

Hull return systems should not be permitited in tankers
The d{c. volbtage should not exceed 250 V,

27,07~ Power supply and distribution. The ge
boardg and storage batteries should be separad
tanks |by cofferdams or equivalent safety s
room Yy a gastight bulkhead.,

23, 04 |- Spaces barred to electrical gﬁﬂﬁp ectric equipment
should be installed in cargo o s or spaces where
flammable vapour or gas may no J; 70 accumulate,
except as otherwise provided

2%, 05 |« Pump-rooms,

(a)

sbaces should
or deg¢k. BYax]
shoul bg £
in addition ud.
shaft ;

ehting fixtures for such spaces should be permanent.
1y wired wnd £iEbed - gide the space, Pumperooms immediately ad
Jacend th room or similar safe spaces may be lighted through
permapdnily . Yass lenses or ports fitted in the bulkhead andfor
deck to mal i\ the watertight and gastight integrity of the
structutes A externally mounted lighting fixlure may be designed
so thaisthe a-ae-r-ﬁ crh-l" “F"lgncraﬂ port forms a Dart of the fixture The
lighting flxtures may be of the waterproof tyPe where not immediately
in contact with the bulkhead or deck,

(¢) Where the location of the pump-room does not permit use
of bulkhead lighting arrangements or where deck installations would
not furnish sufficient light in lower cargo pPumpP-rooms, explosion=
proof lighting fixtures may be installed and wired with lead and
armoured, metal braided or mineral Insulated cable, The switches for
explosion proocf pump=-room lights should be located in a safe place
outside of the pump-room arnd their enclosures should be of the degree
required by the location,
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23,06 - Wiring,

(a) Except as permitted in 23,05 electric wiring should not
enter oil tanks nor should it pass through carge pump-rooms or ¢off
erdams adJjacent to and extending below the top of any oil tank.

(b) All cables which may be exposed to oil or oil vapour
should be leaded and armoured, metal brailded or mineral insulated,
and all metallic protective coverings should be grounded at least
at each end.

(¢) Cables installed on deck or fore and aft gangways

should be located near the centre line and should be rup in
substantial steel channels, pipes or the equivalent,

prov
chal

23,

D7 « Switches and socket-outlets. Switches dnd

otheér than those of flameproof construction,

within 3 m (or 10 ft.) of any oil-tank outle

2%,

bat
Pum

of any oil tank or where fl

exXp

230

boted to accumulate.

with the requireme

shotild be provided

unl

baded,
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CHAPTER 24

ELECTRIC PROPULSION PLANT

GENERAL CONS IDERATIONS

24,01 ~ Scope, This chapter relates to the electric pPropulsion
equipment proper and deals with generators, motors, electric couplings,
control, and cables, together with such aspects cf the mechanical
equipment as are essential to the successful functioning of the

entire system,

24,02 - Structural features. Propulsion gensrators and motors should
be of substantial and rigid construction and arranged for fitted
bolts to secure them to thelr foundationso All foundation of
machine ] . S Sruetr
Contro
suppor

Led, or braced to the bulkhead or deck above,

24,03 ¢ Torque and critical speeds,

manoceupjring should be reasonably iIn excess o >"‘ el Nng AKe [
the Pprppeller, to enable the latter to be Gtop &
reasonpble time when the vessel is travellli

speed.

(b) Adequate torgue wmargi » proyvided in a.c.
propulpion systems to guafd aga:g e mok 1 Aing out of step
during| W vesgel when turning.

constr s 2C ¥s O : en running at any and

avery nd_reciprocating parts are well
bhalanc sny excessive vibration.

speeds of the propulsion system
should A ; NOf a torsional critical speed having
a tors wibnatd g sive magnitude,

pdep\ bty Prevent excessive torsional sitresses carefful

consideragion hculi be given to co-ordination of the mass-elastic
constapd ; ntire propelling system including generator, motop,
shafti ‘“opeL er, and electrical osecillations in alternating-
curren

24,04 - Lubrication,

(a) Means should be provided to ascertain the temperature
of the lubricating-6il discharge when a circulating system is used,

(b) An alarm system should be installed in conjunction with
any forced lubrication system (Pressure or graviity), arranged to
function when the oil pressure fails,

(¢) Where the machines are not to be located in the fore=
and=aft position, speclal consideration should be given tc the
bearings.

(d) The requirements of Clause 13,16 should be complied with,

m_LBl{-m
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PRIME MOVERS

24,05 ~ Steam turbines, Steam turbines for electric propulsion
should incorporate the following detailss

(a) An effective governor for holding the turbine speed,
when the load 1is removed, within 5 % of the designed number of
revolutions per minute at full speed. If ship control involves
ad Jjustment of the turbine speed, this governor should be provided
with adequate means for local manual control as well as for remoie
adjustment from the control station, The speed~control governor
should be designed to permit the speed to be increased and decreased
in suitable increments over the speed range.

val DR SPeosTeRoee of pevelutions
per minute by 10 = 15%, Y
trigping.

gove

Posi
shou

T
ents

gibility of fire, stepg
shoygld be taken il from coming into contgct
with parts having i vess of 343% O,

oL, Q6 The turbine should not be called
upor] than 20 % in excess of the rated

spes it should only be made during the
acces i tion should not exceed five minutes,
24.Q7 - Diesel engines for electric propulsion
shoy i s

4 n effective governor capable of quickly reducing the

fuelsg gines should have a nosload speed not in excegs
of § 1l-load rated speed. This governor should also
proy isfactory parallel operation over the entire speed
range\required of the engines., except in cases where the arrangement
of the plant makes parallel operation unnecessary. Where required
by the nature of the propeller speed control, the speed control
governor should be designed to bermit the speed to be increased in
suitable increments over the speed range.

(p) In addition to the speed-regulating governor, each
engine should be fitted with an overspeed governor which will
Prevent the engine from exceeding its rated speed by more than 15 %.

24,08 ~ Diesel-engine rating.

- (a) 'The rating of a diesel engine is the net brake horse-
power which the engine will deliver continuously at the engine
coupling, at its rated speed, when operating under the conditions
described in Clauses 13,03 and 13,04, without correction for power
required by auxiliaries which may or may not be driven by the engine.

=155
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(b) The engine should be capable, for periods of one hour,
of developing a load of not less than 10 % above its rated output
or such other percentages of overload and other time pPeriod as may
be specified by the purchaser within the limits of variation in
speed as defined in Clause 24.07, without undue heating of the
engine or other mechanical difficulby.

(¢) The engine should be capable of sustaining the above
specified overload for the specified time, immediately following a
run at rated output, during which steady-conditions have been
reached and Jacket-water and lubricating~oil temperatures have
become reasonably constant. The engine should be capable of conte
inmuing in operation at rated outpbut immediately following the
sPecified overload test

24,09 |~ Diesel~engine dynamic considerations,
tended as prime movers should have a flywheel effect<suf
ensurg that the angular deviation for—alternating-

or thg cyclic irregularity for direct-current sy

limit |required for the application, The f1
Pressqgd by WRS or GDQ, where :

Wor G = Weight of the rotating unds,
R = Radius of gyration
D = 2 x radius '

24,10 |~ Diesel=enging toxsiona.

(a) tangesof \Béiﬁ;s which drive electric=-
Propulsion he boxrsion frequeney of the shafting and
its agsociated M2 N ba\such that no torsional vibration of
excessgi ;3 y of the opPerating speeds of the
enging,

hich, when combined with other stresses
the shafting, exceed the safe working stress

gives |r

vibration Is_suck as to be inimical to the life of the elements
attached to ordriven from the shaft, even though the attendant
stresses Ore TI0L ©XCTSSHve,

(¢) Critical speeds occurring below the operating speed and
through which the engine must pass in attaining oberating speed ’
should not have torsional vibration of such severity as to endanger
the 1life of the shafting or its associated elements.,

(d) If complete elimination of all critical speeds within
the desired operating range is not bracticable, the engine bullder
should recommend the avoidance of continuous operation at the speeds
at which objectionable vibbations are exPected  to occur,

=1%6=-
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A,C, GENERATORS AND MOTORS

24,11 - A,C, generators and motors - general. A.C, propulsion generat-
ors and motors should be in general accordance with the applicable
parts of Chapter 13 unless dealt with specifically in this chapter,

24,12 « Machine voltages. Generators and motors should be polyphase
and of a voltage between phases not exceeding % 500 volis, Voltages in
excess of this value should be considered as special.

24,13 - Frequenecy. It is not necessary for the frequency used in
propulsion equipment to be the same as that adopted for the ship's
service generators,

24,14 - Construction,

(a) Motors may be of the induction type witha wate selfe
contained squirrel-cage rotor winding for starting, Jinary
forfm wound-rotor tybe with external starting re51-“
synghronous type with separate induction rotor ¥
and| direct-current excited field for normal rufning.

sholild be provided with means for obtaind S 1 the
staftionary windings. The temperatur 3 i
convenient location, preferably the e«c

v eirculating currents
Pasping between the Jjournals\and\ the brarin '

24,15 - Inherent characteristics\of generators. Generators shguld have
inhprent charact tigs-wh ch\Q3?§ec tiem against damage due to
shopt circuits.

24,016 - MaohiJ:\ﬁeﬁt_ ation{and\ temperature control.
raNand\motors should be either of the veniilated
typ ir sh screens to prevent injury to pPernsonnel

or ¢ forelgn/material or of the enclosed type witll pPipe
ven[tilak

‘ors and motors should be provided with fordqed
vefiti i Wwhen Yequired by the service. The heated air should be
canri y wwough ducts from the generator and motor enclosunes,
sug ing arranged to Prevent warm exhaust=air re=-entering the
ind g prevent entrance of water or foreign material intg
either—irtake or extmust—ductss

(c) Generator and motor ventilation may be provided by the
recirculation of air through a closed or partially closed system,
employing water=cooled alr codlers, In this case arrangements should
be such as to prevent the entrancecofwater, from leaking cobler {tubesg,
into the generator or motor, Any air entering the generators and
motors should be kept free, as far as practicable, from oll and other
vapours, and from foreign material of any kind, Where the air coolers
are of sufficilent capacity to provide 40 ©C cooling air at the
maximum condition, allowable temPerature-rises for generators and
motors may be based on this temperature.
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(&) Air ducts should be provided with dampers, and means of
access for inspection and with alarm thermometers external to the
machines, Dampers are not required for recirculating systems.

24,17 -~ 0il guards, O0il guards should be provided, if necessary, to
prevent creepage of oil along the shaft to the machine windings.

24,18 - Accessibility for repairs, For purposes of inspection and
repair, provision should be made for access to stator coils and
armature coils, and for the withdrawal and replacement of the field
coils of salient-pole a.c. machines, Facilities should be provided
for supporting the shaft to pPermit the withdrawal and inspection of
bearings.

24,19 = Protection from moisture, EIiecuive means shou déd‘
in geperators and motors to prevent the accumulation of noi

when [they are idle for appreciable periods,

D,C. GENERATORS AND MOTORS

s

5

24, 20
shoul]
unles

24, 21

Point rent
Propy Where
multi 5
1,000 y

are interspersed between the @ Some other arrangement |
employed by which <he a b any two points of the systen is
limited to a valme . : 5 OC : Voltages in exdess

of this walue sho

24,29 - Sh§£\>ﬁ{ ent leans shbuld be provided to prevent
circulating c i ween the Journals and the bearings

°

24,27 - Mac n nt ati and temperature control, All parts of

Clausge re also applicable to d.c., Propulsion generators and
motor]

<
24,2M\>\Oi 0il guards should be provided, if necessary, [to

Prevent c of 01l along the shaft to the machine windings.

24, 2¢_m_AcceSQ4h414+v for “e9ains*__Eﬂr_purpﬂses_nf_insneaiinn_axm
repair, provision should be made for access to armature colils and for
the withdrawal and replacement of the field coils, Pacilities should
be provided for supporting the shaft to permit the withdrawal and
inspection of bearings.

24,26 ~ Protection from moisture, Effective means should be provided
in generators and motors to prevent the accumulation of moisture even
when they are idle for appreciable periocds.

24,27 - Overspeed protection., Where the system bermits excessive
overspeeding at light loads, overspeed Protection devices should be
arranged to interrupt the supply of power and the armatures should be
suitably constructed to prevent damage due to temporary overspeeding.
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ELECTRIC SLIP COUPLINGS

24,28 « Construction, Electric slip couplings should be of substante
ial and rigid construction.

24,29 - Protection. Electric slip couplings should be enclosed
ventilated or otherwise provided with substantial wire or mesh screen
to prevent Personnel injury or the entrance of foreign material, They
should be drip proof,

24,30 - Temperature limits, Limits of temperature-rise should be

the same as for a.c, generators (see Table 24,III, Page 146), except
that when a sgiiirrel-cage element is used, the temperature of this
element may reach such values as are not injurious, If the coupling
is fitted w1th an 1ntegra1 fan, the temperature should not exceed these
limik
speefi; full excitatlon, and rated torqueo
for [owing may require rated torque at a lower speeds

24,3 = Accessibility for repairs. ‘The coupli
to pprmit removal as a unit without moving the &
pinipn shaft, and without removing the poles,

EXCITERS

24, % - Exciters - general.

sepal

Cury
as o

control
syst

outbut necessary during manoeuvringe

24,34 - Exciter voltage variation, If the exciter is used solely

for excitation of the propulsion generator, its voltage may be varied
over the stable range of the exciter to vary the generator field
excitation; otherwise booster generator or resistance should be
used. for accomplishing this burpose.

24, 35 .~ Rotary-amplifier exciters.,

(a) Rotary-amplifier-type excilters may be used for direct
excitation of generators and motors or as pilot exciters in the field
circuits of conventional exciters to pProvide rapid variation of the
exciter voltage,
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