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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 352: Choice and installation of electrical cables

The
all

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiofn-cof
hational electrotechnical committees (IEC National Committees). The object of IEC! is™to

intefnational co-operation on all questions concerning standardization in the electrical and, €lectronic fi
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end and in addition to other activities, IEC publishes International Standards, Technical Specif
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
he subject dealt with may participate in this preparatory work. International;)governmental a
rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordancewith conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters expressy ds/nearly as possible, an inter
ensus of opinion on the relevant subjects since each technicalkcommittee has representation
ested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure that the technical conten
ications is accurate, IEC cannot be held responsible, for the way in which they are used or
hterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Pub
Eparently to the maximum extent possible in/,their national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

provides no marking procedure to indicate its approval and cannot be rendered responsible
bment declared to be in conformity withyan IEC Publication.

All 4sers should ensure that they havelthe latest edition of this publication.
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ability shall attach to IEC or-its*directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of_the\ ‘publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the Normative references cited in this publication. Use of the referenced publica
pensable for_the,correct application of this publication.

htion is drawn to the possibility that some of the elements of this IEC Publication may be the sU
nt rights™\JEC shall not be held responsible for identifying any or all such patent rights.
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Ttional Standard IEC 60092-352 has been prepared by subcommittee 18A: Cabls

mobile and fixed offshore units.

and of

This third edition cancels and replaces the second edition published in 1997, of which it
constitutes a technical revision. Main changes with respect to the second edition relate to:

sizes of earth continuity conductors and equipment earthing connections;
bending radii for cables rated at 3,6/6,0 (7,2) kV and above;
current carrying capacities in amperes at core temperatures of 70 °C and 90 °C;

tabulated current carrying capacities — defined installations.
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The text of this standard is based on the following documents:

FDIS Report on voting
18A/277/FDIS 18A/280/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 6p892—consists—ofthe—fotowing—parts—under—the—generat—titte—Etectricatmstattations in

ships:

Part 101: Definitions and general requirements

Part 2p1: System design — General

Part 2p2: System design — Protection

Part 203: System design — Acoustic and optical signals

Part 204: System design — Electric and electrohydraulic steering gear

Part 3p1: Equipment — Generators and motors

Part 302: Low-voltage switchgear and controlgear assemblies

Part 3p3: Equipment — Transformers for power and lighting

Part 304: Equipment — Semiconductor convertors

Part 305: Equipment — Accumulator (storage) batteries

Part 306: Equipment — Luminaires and accessories

Part 307: Equipment — Heating and cooking appliances

Part 350: Shipboard power cables — General construction and test requirements

Part 3p1: Insulating materials for shipboard and offshore units, power, dontrol,
instrumentation, telecommunication and data cables

Part 3p2: Choice and installation of electric cables

Part 3p3: Single and multicore non-radial field power cables with extruded solid insplation
for rated voltages 1 kV and 3 kV

Part 3p4: Single-_and three-core power cables with extruded solid insulation for| rated
voltages'6 kV (Um = 7,2 kV) up to 30 kV (Um = 36 kV)

Part 3p9: Sheathing materials for shipboard power and telecommunication cables

Part 3Y3: ~Shipboard telecommunication cables and radio-frequency cables — Shipboard
flexible coaxial cables

Part 374—Shipboardtetecommunication cabfes and radio-frequency cabfes — Tefephone
cables for non-essential communication services

Part 375 Shipboard telecommunication cables and radio-frequency cables — General
instrumentation, control and communication cables

Part 376: Cables for control and instrumentation circuits 150/250 V (300 V)

Part 401: Installation and test of completed installation

Part 501: Special features — Electric propulsion plant

Part 502: Tankers — Special features

Part 503: Special features — A.C. supply systems with voltages in the range above 1 kV up
to and including 11 kV

Part 504: Special features — Control and instrumentation
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Part 506: Special features — Ships carrying specific dangerous goods and materials
hazardous only in bulk

Part 507: Pleasure craft

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

IEC 60092 forms a series of International Standards concerning electrical installations in sea-
going ships and fixed or mobile offshore units, incorporating good practice and co-ordinating
as far as possible existing rules.

These

standards form:

— a code of practical interpretation and amplification of the requirements of the International
Convention on Safety of Life at Sea;

uide for future regulations which may be prepared and

— a g

This rgvision of IEC 60092-352 has been prepared by Maintenance Team 1 of IEC SC 1

updatg

applicable to electric cables for electrical installations in ships, viz:

- the
XU

- the
15

- c¢h

firg conditions and to limit the spread of flame;

- thq
thg
me
dif
es
inf
us

- thq
co
ing

NOTE
SC18A,

and include developments identified in other parts of the 60092 series of sta

increase in maximum rated conductor temperature during nGrmal operation fo
PE type insulations — see IEC 60092-351 — and the effect on'€urrent carrying cap

publication of IEC 60092-376 covering cables fori/control and instrume
D/250V(300V);

bnges in test methods to demonstrate the capability of cables to continue to ope

inclusion of a method for the determination:of current carrying capacities base
se that have been accepted and established in other applications of cable us
thod has been derived from a technical{basis and allows a greater choice of

ablished from experimental data;on a limited number of cables and instg
prmation. The existing ratings arexincluded as informative annexes A and B, an
b is valid under certain conditions, e.g. refurbishment of ships;

hductors based on the cufrent carrying capacities of the fuse or circuit protection
talled to protect the circuit.

Guidance for the use,‘and installation of cables for offshore applications is being prepared jd
MT 2 and TC 18, MT48, and will be issued by TC 18, MT 18.

tatement of practice for use by owners and builders of ships and fixed or mobile and
offshore units and other appropriate organisations.

8A, to
ndards

EPR,
acities;

htation

rate in

upon
. This
use in

ferent installation methods as opposed to that currently specified, which was

llation
d their

inclusion of a method for\the determination of the cross-sectional areas of earthing

device

intly by



https://iecnorm.com/api/?name=37558c6813d0a82d686738835b9d544b

~ 8- 60092-352 [0 IEC:2005(E)

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 352: Choice and installation of electrical cables

1 Scope

This standard provides the basic requirements for the choice and installation of cables

intend

The r
move
intend
in oth
restric

e.g. pq
The fo

- op
- su
- da
—  the

2 N¢

The fd

ference to fixed systems includes those that are subjected to vibration. (due
ent of the ship) or movement (due to motion of the ship) and not to.those th
d for frequent flexing. Cables suitable for frequent or continual flexingiusé are d
r IEC specifications e.g. |[EC 60227 and IEC 60245, and their uses_on board
fed to those situations which do not directly involve exposure toa marine envirg
rtable tools or domestic appliances.

lowing types and applications of cables are not included:

ical fibre cables;
pb-sea and umbilical cables;
a, telecommunication and radio frequency cables;

choice and installation of cables for use on.offshore units.
brmative references

llowing referenced documents are' indispensable for the application of this doc

For dated references, only the editiefi_cited applies. For undated references, the latest

15 kV.

to the
at are
ctailed
5hip is
nment

Liment.
edition

eneral

ral

of the referenced document (including any amendments) applies.

IEC 60092-101, Electrical .installations in ships — Part 101: Definitions and ¢
requirgments

IEC 60092-201:1994 “Electrical installations in ships — Part 201: System design — Gene

IEC 60092-208,\Electrical installations in ships — Part 203: System design — Acousiic and
optical signais

IEC 6

092-350:2001, Electrical installations in ships — Part 350: Shipboard power ¢

bles —

General construction and test requirements

IEC 60092-351, Electrical installations in ships — Part 351: Insulating materials for shipboard
and offshore units, power, control, instrumentation, telecommunication and data cables

IEC 60092-353:1995, Electrical installations in ships — Part 353: Single and multicore non-
radial field power cables with extruded solid insulation for rated voltages 1 kV and 3 kV
Amendment 1 (2001)

IEC 60092-354, Electrical installations in ships — Part 354: Single and three-core power
cables with extruded solid insulation for rated voltages 6 kV (U,,= 7,2 kV); up to 30 kV (U, =

36 kV)
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IEC 60092-359, Electrical installations in ships — Part 359: Sheathing materials for shipboard

power

and telecommunication cables

IEC 60092-376, Electrical installations in ships — Part 376: Cables for control and
instrumentation circuits 150/250 V (300 V)

IEC 60228:2004, Conductors of insulated cables

IEC 60287 (all parts), Electric cables — Calculation of the current rating

IEC 60331-21:1999, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV

IEC 60331-31:2002, Tests for electric cables under fire conditions — Circuit integrity~'P
Procedlures and requirements for fire with shock — Cables of rated voltage up to and-ing
0,6/1,0 kV

IEC 60332-1-2:2004, Tests on electric and optical fibre cables under fire conditions — P

Test f
pre-m

IEC 6(
verticg

IEC 6(
compg

IEC 6(
Amend

IEC 6(
excee

IEC 6(
excee

IEC 6(
Detern

IEC 6(
Detern
from ¢
Amenq

IEC 61
— Test

br vertical flame propagation for a single insulated wire or cable ~ Procedure fo
xed flame

332-3-22:2000, Tests on electric cables under fire conditions — Part 3-22: T
| flame spread of vertically-mounted bunched wires or cables — Category A

533:1999, Electrical and electronic installations) in ships — Electroma3
tibility.

684-2:2003, Flexible insulating sleeving — Part 2: Methods of test
ment 1 (2003)

702-1:2002, Mineral insulated cables<and their terminations with a rated volta
ing 750V

702-2:2002, Mineral insulated._cables and their terminations with a rated volta
ing 750 V — Terminations

754-1:1994, Test on gases evolved during combustion of materials from ca
nination of the amount of’halogen acid gas.

754-2:1991 TeSty*on gases evolved during combustion of electric cab
nination of degree of acidity of gases evolved during the combustion of materials
ectric cables\by measuring pH and conductivity
ment 1 (1997)

034-2:2005 Measurement of smoke density of cables burning under defined con
procedure and requirements.

art 31:
luding

art 1-2:
r 1 kW

pst for

gnetic

pe not
pe not
bles —

les —
taken

ditions

3 Types, construction, installation and operating conditions of cables

3.1

Types of cables

Cables constructed in accordance with IEC 60092-350, IEC 60092-353, IEC 60092-354, and
IEC 60092-376 are recommended for use on board ships. Cables (and their terminations) for
use in special applications which are constructed in accordance with IEC 60702-1 and IEC
60702-2 are also acceptable provided that due consideration has been given to their intended
application and use in a marine environment.
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3.2 Voltage rating
3.21 Power cables

The maximum rated voltage (U) considered in this standard for power cables is 15 kV.

In the voltage designation of cables Uy / U/ (U,,):

Uy is the rated power voltage between conductor and earth or metallic screen for which the
cable is designed;.

U is the rated power frequency voltage between conductors for which the cable is
designed;

U,, s the maximum value of the highest system voltage which may be sustain€d|under
ormal operating conditions at anytime and at any point in the system.(lf-exccludes
ransient voltage conditions and rapid disconnection of loads.

U,, is ghosen to be equal to or greater than the highest voltage of the thtree-phase sjystem.

Wher¢g cables are permitted for use on circuits where the nominal system yoltage excedds the
rated yoltage of the cables, the nominal system voltage shall not exce€dthe maximum gystem
voltage (U,) of the cable.

Carefyl consideration shall be given to cables subjected to «voltage surges associatdd with
highlylinductive circuits to ensure that they are of a suitable voltage rating.

The choice of standard cables of appropriate voltage designations for particular systems
depenfs upon the system voltage and the system earthing arrangements

The rdted voltage of any cable shall not be lower than the nominal voltage of the cirguit for
which fit is used. To facilitate the choice of the\cable, the values of U recommended for cables
to be lised in three-phase systems are listed in Table 1, in which systems are divided into the
following three categories:

e Category A

This cptegory comprises those:systems in which any phase conductor that comes in gontact
with earth or an earth conductor’is automatically disconnected from the system.

e Category B

This cptegory comprises those systems that under fault conditions are operated for g short

ot exceeding 8 h on any single occasion, with one phase earthed. For examplg, for a
system<{of* Category A or B, the cable should have a rated voltage not less than

In a'system where an earth fault is not automatically and promptly eliminated, the increased stre
the insylatiom of cables during the earth fault are likely to affect the life of the cables to a certain degrep
system s d—teo—be—operated—fai often ith—a——sustained—earthfault—it-maybepreferableto—use cables
suitable for Category C. In any case, for classification as Category B the expected total duration of earth faults in
any year is not permitted to exceed 125 h.

e Category C
This category comprises all systems that do not fall into Categories A and B.

The nominal system voltages from 1,8/3 kV to 8,7/15 kV shown in Table 1 are generally in
accordance with Series | in IEC 60038. For nominal system voltages intermediate between
these standard voltages and also between 0,6/1 kV and 1,8/3 kV, the cables should be
selected with a rated voltage not less than the next higher standard value. For example: — a
first earth fault with one phase earthed causes a V3 higher voltage between the phases and
earth during the fault. If the duration of this earth fault exceeds the times given for Category
B, then according to Table 1, for a 6 kV system, the cable is to have a rated voltage not less
than 6/10 kV.
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A d.c. voltage to earth of up to a maximum of 1,5 times the a.c. U, voltage may be used.
However, consideration should be given to the peak value when determining the voltage of
d.c. systems derived from rectifiers, bearing in mind that smoothing does not modify the peak
value when the semiconductors are operating on an open circuit.

Table 1 — Choice of cables for a.c. systems

System voltage System category Minimum rated voltage of cable U, /U
Nominal voltage Maximum sustained Unscreened Single-core or
u voltage, U, screened
kv kV kV kV
upg to 0,25 0,3 A,BorC 0,15/0,25
1,0 1,2 A, BorC 0,6/1,0 0,6(1,0
3,0 3,6 AorB 1,8/3,0 1,8/3,0
3,0 3,6 C — 3,6(6,0
6,0 7,2 AorB 3,6/6,0
6,0 7,2 C — 6,0/10,0
10,0 12,0 AorB = 6,0/10,0
10,0 12,0 C — 8,7/15,0
15,0 17,5 AorB — 8,7/15,0
3.2.2 Control and instrumentation cables

The maximum rated voltage (U) for control and-instrumentation

standgrd is 250 V.

In some instances for conductor sizes 1,9mm2and larger, or when circuits are to be sy
from @ low impedance source, 0,6/1kV rated cables are specified for use as con

instrurnentation cables.

NOTE |The use of 1,0 mm2 is under.consideration for 0,6/1 kV applications.

cables considered

3.3 [Cross-sectional areas of conductors and current carrying capacities

3.3.1

Cross-sectional areas of conductors

in this

pplied
ftrol or

The closs-sectional area of each conductor shall be selected to be large enough to ¢omply

with tHe following conditions.

The highest load to be carried by the cable shall be calculated from the load demanfs and
diversity factors.

The “corrected current rating” calculated by applying the appropriate correction factors to
the “current rating for continuous services” shall not be lower than the highest current
likely to be carried by the cable. The correction factors to be applied are those given in
3.3.4, 3.3.5 and 3.3.6.

The voltage drop in the circuit shall not exceed the limits specified by the regulatory body
for the circuits concerned — further guidance is given in 3.4.

The cross-sectional area of the conductor shall be able to accommodate the mechanical
and thermal effects of a short circuit current (see 3.8) and the effects upon voltage drop of
motor starting currents (see Note 3 of 3.4).

Class 5 conductors, where used, shall be subject to special consideration in respect of
maximum current-carrying capacity. Class 5 conductors have, in most cases, a lower
conductivity than the equivalent class 2 conductors of the same nominal cross-section.


https://iecnorm.com/api/?name=37558c6813d0a82d686738835b9d544b

- 12 —

60092-352 O IEC:2005(E)

— The nominal cross-sections of the earth conductor shall comply with Table 2. One of the
alternative methods of determining the cross sectional area of each earthing conductor is
that based upon the rating of the fuse or circuit protection device installed to protect the
circuit. If this method is used, the nominal cross sectional area finally selected shall be the
higher of any cross sectional areas determined by each of the methods.

Table 2 — Sizes of earth continuity conductors? and equipment earthing connections

Arrangement of earth conductor

Cross-section Q of

associated current

carrying conductor
(One phase or

Minimum cross-section of
earth conductor

pole)
mm?
1. i) Insulated earth conductor in cable for fixed Q<16 Q
ingtallation.
ii) Copper braid of cable for fixed installation
acgording to 8.2 of IEC 60092-350.
iii)|[Separate, insulated earth conductor for fixed \ .
insftallation in pipes in dry accommodation spaces, Q> 16 o {;’ oftthebCL:rre?tl- arrt};]lng
when carried in the same pipe as the supply cable. conduc or,1 6umrr]noz gss than
Iv)|Separate, insulated earth conductor when installed
inside enclosures or behind covers or panels,
indluding earth conductor for hinged doors as
specified in IEC 60092-203.
2. Unjnsulated earth conductor in cable for fixed Q<25 1 mm?2
ingttallation, armour or copper braid and in metal-to- >
mdtal contact with this. 25<Q 1,5 mm
<6
Q>6 Not permitted
3. Separately installed earth conductor for fixed Q<25 Same as current-cgrrying
ingtallation other than specified in 1 iii) and 1 4y): conductor subject tp min.
1,5 mm? for stranded |earthing
connection or 2,5 mm? for
unstranded earthing
connection
25<Q=120 50 % of current-cafrying
conductor, but not lgss than
4 mm?
Q>120 70 mm?2
4. Inqulated earth conductor in flexible cable. Q<16 Same as current-carrying
conductor
Q>16 50 % of current-cafrying

conductor, but min
16 mm?2

imum

NOTE R

efer‘also to 3.3.1 for a method based on the rating of fuses.

a The term protective conductor is accepted as an alternative term for the earth continuity conductor.

3.3.2

Current carrying capacities

The procedure for cable selection employs rating factors to adjust the current carrying
capacities for different ambient temperatures, for the mutual heating effects of grouping with
other cables, methods of installation and short time duty. Guidance on the use of these
factors is given below.
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3.3.3 Current ratings for continuous service

Continuous service for a cable is to be considered, for the purpose of this standard, as a
current-carrying service with constant load and having a duration longer than three times the
thermal time constant of the cable, i.e., longer than the critical duration (see Figure 2).

The current to be carried by any conductor for sustained periods during normal operation shall
be such that the appropriate conductor temperature limit is not exceeded.

The value shall either be:

allation

mdthod:

Annex A: a method for determination of current carrying capacities based upon\those that
haye been accepted and established in other applications of cable use. Thisimethod has
been derived from a technical basis established from experimental datajen” a number of
cables and installation information. It allows for greater choice of_use in different
ingftallation configurations. For further reference see IEC 60364-5-52:

The basis of the determination is on the following formula:
I=AxST—-Bx3n

where

/ is the current carrying capacity (A);

S is the nominal cross-sectional area of cofductor (mm?2);

A gnd B  are coefficients, m and n are exponents according to cable type and method of

installation.

Values calculated using the above for various installations are given in Annex A together
with guidance on selection.
Annex B: a method for the determination of current carrying capacities as given|in the
se¢ond edition (1997) of IEC 60092-352. The values were initially established in 1958
bagsed on limited experimental'data and have been both amended and their|range
exfended in attempts to reflect-the changes in construction of cables and their maximum
co}ductor operating temperatures which have taken place. They are only vaIid[for a
limlited number of installations under certain conditions. It is recommended that they are
only used for refurbishiment of ships or in conjunction with other guidance informatiop.

The formula on which/they are based is:

| = a. A0.625

where

I |is theseurrent carrying capacity (A);

A |is{the nominal cross-sectional area of conductor (mm?2);

a 15 a coefliclent refated to the maximum permissibie service temperature of the
conductor.

Values calculated using the above — given in Annex B — are only applicable when used in
accordance with the basis as given;

— or be determined using one of the following methods:
— as described by IEC 60287,0r
— by calculation using a recognised method provided that the method is stated,
and where appropriate, account shall be taken of the characteristics of the load.

The selection of the method applicable to any particular installation is the responsibility of the
appropriate approval authority or governing regulation.
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3.34 Correction factors for different ambient air temperatures.

The current-carrying capacities tabulated in Annexes A and B assume a reference ambient air
temperature of 45 °C. This temperature is generally applicable to insulated conductors and
cables in any kind of ship and for navigation in any climate, irrespective of the method of
installation.

Where the ambient temperature in the intended location of the insulated conductors or cables
differs from the reference ambient temperature, the appropriate correction factor specified in
Table 3 shall be applied to the values of current-carrying capacity set out in Annexes A and B

NOTE The air temperature around the cables can be higher than 45 °C when, for instance, a cable is wholly or

partly HIQ#M-mmmmmmmﬁmmmmmnﬁw—
The correction factors in Table 3 do not take account of the increase in temperature, |if any,

due to| solar or other infrared radiation. Where the cables or insulated conductofs are gubject
to such radiation, the current-carrying capacity shall be derived by the methods specified in
IEC 6(Q287.

Table 3 — Correction factor for various ambient air temperatures
(Reference ambient temperature of 45 °C)

Maxinhum Correction factors for ambient air temperature of
ratdd

conductor

temperpture | 35°C | 40°C | 45°C | 50°C | 55°C | 60°C 4s65°C | 70°C | 75°C | 80°C || 85°C
°d
60 1,29 1,15 1,00 0,82 - = - - - - -
65 1,22 1,12 1,00 0,87 0,71 - - - - - -
70 1,18 1,10 1,00 0,89 0,77 0,63 - - - - -
75 1,15 1,08 1,00 0,91 0,82 0,71 0,58 - - - -
80 1,13 1,07 1,00 0,93 0,85 0,76 0,65 0,53 - - -
85 1,12 1,06 1,00 0,94 0,87 0,79 0,71 0,61 0,50 - -
90 1,10 1,05 1,00 0,94 0,88 0,82 0,74 0,67 0,58 0,47 -
95 1,10 1,05 1,00 0,95 0,89 0,84 0,77 0,71 0,63 0,55 0,45

3.3.5 Correction.factors for short time duty

If a cqble is intended to supply a single motor or equipment operating for periods of half an
hour or oneshour, its current rating, as given in the relevant table (see Annexes A and B), may
be incfeased using the relevant correction factors obtained from Figure 1. These corfection
factorg ‘are€ only applicable if the intermediate periods of rests are longer than the ritical
duration (which is equal to three times the time constant of the cable), obtained from Figure 2,
as a function of the cable diameter.

NOTE 1 The correction factors given in Figure 1 are approximate and depend mainly upon the diameter of the
cable. In general, the half-an-hour service is applicable to mooring winches, windlasses, heavy cargo winches and
bowthrusters. The half-an-hour rating might not be adequate for automatic tensioning mooring winches and
bowthrusters of specialised vessels.

NOTE 2 For cables supplying a single motor or other equipment intended to operate in an intermittent service, as
is generally the case for cargo winches (except heavy cargo winches), engine room cranes and similar devices, the
current ratings as given in Annexes A and B may be increased by applying the correction factor obtained from
Figure 3.

NOTE 3 The correction factor given in Figure 3 has been calculated for periods of 10 min, of which 4 min are with
a constant load and 6 min without load.
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3.3.6 Correction Factors for Cable Grouping

In the case of a group of insulated conductors or cables the current carrying capacities
tabulated are subjected to the group correction factors given in the relevant annex.

The group correction factors are applicable to groups of insulated conductors or cables having
the same maximum operating temperature.

For groups containing cables or insulated conductors having different maximum operating
temperatures, the current carrying capacity of all the cables or insulated conductors in the

group shall be based on that of the lowest maximum rated conductor temperature of any cable
in the group fngnfhnr with the qpprnpriafn group correction factor

Wherg operating conditions are known, and a cable or insulated conductor is not €xpe¢ted to
carry @ current greater than 30 % of its calculated grouped rating, it can be ignered for the
purpoge of obtaining a correction factor for the rest of the group. Also in thé\case of cables
not bejng loaded simultaneously, consideration of the actual loading appertaining is permitted.

NOTE |Cables are said to be bunched when two or more are contained within a single'eonduit, trunking or fuct, or,
if not enclosed, are not separated from each other.

3.4 |Voltage drop

In the |Jabsence of specific design limits or limits set by a,régulatory body, the cross-segtional
areas |of conductors shall be so determined that whefi the conductors are carrying the
maximum current under normal conditions of service)‘the drop in voltage from the main or
emergency switchboard bus-bars to any and every:point on the installation does not gxceed
the limitation given in Clause 36 of IEC 60092-204

NOTE For supplies from batteries with a voltage,not exceeding 50 V, the maximum permitted valug¢ of the
voltage [drop may be increased by 10 %.

NOTE 2 For navigation lights it may be necessapy to limit voltage drops to lower values in order to faintain
required lighting output and colour.

NOTE 3 The values of voltage drop are applicable under normal steady conditions. Under special cond|tions of
short ddration, such as motor starting, higher voltage drops may be accepted provided the installation is capable of
withstarjding the effects of these highenrtransient voltage drops or dips.

3.5 |[Estimation of lighting loads

For the purpose of détermining sizes of conductors in lighting circuits, the assessment|of the
currenﬁ to be carried.shall be made on the basis that every lampholder is deemed to require a
current equivalentto the maximum load likely to be connected to it. This shall be assumed to
be at least 100 W; except that, where the lighting fitting is so constructed so as to only|take a
lamp rptedatfess than 100 W, the current rating shall be assessed accordingly.

Each lighting-socket-cutlet will count fortwo lightingpointe———— |

3.6 Parallel connection of cables

The current carrying capacity of cables connected in parallel is the sum of the current ratings
of all parallel conductors but the cables must have equal impedance, equal cross-section,
equal maximum permissible conductor temperatures and follow substantially identical routing
or be installed in close proximity. Connections in parallel are only permitted for cross-sections
of 10 mm?2 or above. When equal impedance can not be assured, a correction factor of 0,9
shall be applied to the current carrying capacity.
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3.7 Separation of circuits

Separate cables are to be used for all circuits requiring individual short-circuit or overcurrent
protection, with the exception of the following:

-A control circuit which is branched off from its main circuit (e.g. for an electric motor) may be
carried in the same cable as the main circuit provided the main circuit and the subsidiary
control circuit are controlled by a common isolator.

-Non essential circuits with voltages not exceeding the “safety voltage” as defined in
IEC 60092-101. Also consideration shall be given to fire performance characteristics and
electrgmagnetic interference — see 3.14 and 3.16 respectively.

3.8 [Short circuit capacity (withstand capability).

Cablesg and their insulated conductors shall be capable of withstanding thevimechanidal and
thermal effects of the maximum short circuit current which can flow in any,part of the cifcuit in
which [they are installed, taking into consideration not only the time/current characteridtics of
the circuit protective device, but also the peak value of the prospective short circuit ¢urrent
during|the first half cycle. Further information is given in IEC 60724'and IEC 60986.

3.9 |Conductor

All conductor configurations shall be as listed in IEC 60228.

Stranded copper class 2 conductors or class 5 conductors are recommended for genefal use
in fixed installation systems. The use of class 5 conductors does not imply ‘flexible cablgs’ but
the usg is permitted to ease the installation of cables in areas involving tight bending nadii or
high vibration

Certaip cable standards for specific applications specify solid wire (class 1) for conductors.
Wher¢d these are used, due consideration shall be given to the possible effects of vibration.

NOTE |When cables are subject to contintous flexing the advice of the manufacture shall be sought.

3.10 [Insulation material

The materials for use-‘as conductor insulation shall be selected from one of those ligted in
IEC 60092-351. The rated operating temperature of the insulating material selected shall be
at least 10 °C higher than the maximum ambient temperature likely to exist, or|to be
produged, in the,'space where the cable is installed.

NOTE |The €onstruction of a cable can significantly influence the conductor operating temperature and this may
be limit¢d 4o a-temperature below that of the thermal rating of the insulation.

3.11 Screen, core screen or shield

The construction of the screen, core screen or shield shall be selected from the cables
identified in the parts listed in 3.1.

3.12 Sheathing material

The materials for use as sheathing shall be selected from one of those listed in IEC 60092-
359: Consideration shall also be given to fluid resistance for cables installed where, for
example, water condensation or harmful vapours (including oil vapour) may be present. In this
instance the cables shall meet the appropriate fluid resistance requirements.
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In choosing different types of over sheathing as a protective cover, consideration shall also be
given to the mechanical actions to which each cable may be subjected during installation and
in service. If the mechanical strength of the over sheath is considered insufficient, the cable
shall be fitted in pipes or conduits or trunking or be otherwise protected (see 3.21).

Also consideration shall be given to the fire performance characteristics given in 3.14

3.13 Metallic braid or armour.

The construction of the metallic braid or armour shall be in accordance with IEC 60092-350
and the applicable product standard.

3.14 [Fire performance
All cablles or insulated wiring shall meet the requirements for flame spread as given in:

- |EC 60332-1-2
- |EC 60332-3-22.

— Unless otherwise given in the individual product standard the €ables shall be testgd in a

toyching configuration (using a 300 mm ladder) in multiple layers if required to achigve the

7 IIm loading of the ladder.
NOTE 1 It cannot be assumed that, because a cable or an insulated wirenxmeets the requirements of IEC §0332-1-
2, a bumpch of similar cables or insulated wires will behave in a similar manner. The flame-spread perfornance of
bunched cables is assessed by the requirements of IEC 60332-3-22\This performance requirement (i.e. fof cables
mountedl vertically in a touching formation) has been chosen ta best reflect the installation conditions generally

observeld on board ships. Experience has shown that the test.for'the flame spread of cables installed verfically is
adequafe for horizontal installations, all other parameters being,generally the same.

NOTE 2 Further information is given in IEC 60332-3-22.
NOTE 3 Additional protection may be provided by the use of fire stops — see Annex C.

For systems required to maintain electtical circuit integrity under fire conditions, e.g. for fire
alarm,|fire detection, fire extinguishing services, remote stopping and similar control cjrcuits,
the cgbles shall meet the requirements of IEC 60331-21 or IEC 60331-31 as given [in the
appropriate individual product.standard. Unless otherwise given in the individual groduct
standdrd the flame applicationtime shall be at least 90 min at the temperature specified in the
relevapt standard. This requifement is not applicable where the systems are of a self-
monitqring type, failing te.safety or are duplicated, or routed away from high fire risk afeas. —
See itém o) of 3.15.

NOTE 4 The use of suitable installation materials is essential for cables that are required to maintain dlectrical
circuit integrity undef)fire conditions.

Due consideration shall be given to the requirements for smoke emission, acid gas evplution
and halogen ‘content for cables installed in accommodation spaces, and passenger |areas.
Where| applicable, the cables shall be evaluated in accordance with the following test methods:

- |EC 61034-2;
- |EC 60754-1;
- |EC 60754-2;
- |EC 60684-2.

Unless otherwise given in the individual product standard the cables shall meet the
requirements given in the test specification.
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3.15 Cable runs

Cable run requirements are as follows.

a)

k)

Cable runs shall be selected so as to be as far as possible straight and accessible. Where
cables are installed behind panelling, all connections shall be readily accessible and the
location of concealed connection boxes shall be indicated.

In the choice of cable runs, account shall be taken of the need for protection against
destructive pests or rodents.

Cables having insulating materials with different maximum permissible rated conductor
temperatures shall not be bunched in a common clip, cable transit, conduit, trunking or
du¢t. Where this is impracticable, the cables shall be rated so that no cable reathes a
temperature higher than the lowest rated conductor temperature within the bunch:

Caples having a protective covering which may damage the covering of more vulnerable
cables shall not be bunched with the latter in a common clip, gland, conduit, trunking or
dugt.

Caples having a bare metallic sheath or braid or armour shall be instéalled in such|a way
thdt corrosion (e.g. galvanic or electrolytic) on contact with other metals, is preventef.

Caple runs shall be selected so as to avoid action from condensed moisture or drip.
Unless unavoidable, cables shall not be located behind of, embedded in structurgl heat
insjulation.

Caples shall, as far as possible, be remote from sources of heat such as boilefs, hot
pipes, banks of resistors, etc., and protected from avoidable risks of mechanical dgmage.
Where installation of cables near sources of heat/cannot be avoided, and where tlrere is
consequently a risk of damage to the cables by heat, suitable shields shall be installed, or
otHer precautions to avoid over heating shall be taken, for example, use of gpecial
ventilation, installation of heat insulation matérials, or use of special heat resisting ¢ables.
Cables shall not be located in cargo tanksy ballast tanks, fuel tanks, or water tanks pxcept
to [supply equipment and instrumentation specifically designed for such locations and
whpse functions require them to be“installed in the tank. Such equipment may ipclude
submerged cargo pumps and(Cassociated control devices, cargo monitoring, and
unglerwater navigation systemsy

Caples shall not be installed across expansion joints. If however, it is unavoidable, [a loop
of cable having a length, proportional to the expansion of the joint shall be provided. The
minimum internal radius, of the loop during operation shall never be less than twelvg times
thg external diameteryof the cable.

The flame spread“performance of cables installed in bunches can be affected by a number
of [factors including the method of installation see 3.14 — Further guidance is given in
IEC 60332-3:22.

In [he case of essential electrical equipment for which it is mandatory to have at legst two
supplies; for example, steering gear installations, the supply and any associated g¢ontrol
cables’shall follow different routes, which, as far as practicable, shall be separated both
vertically and horizontally. In the case of duplicated essential electrical equipment, the
supply and any associated control cables shall follow different routes, which shall be
separated both vertically and horizontally as far as practicable.

NOTE 1 Systems which could operate as each other’s stand-by for an essential function, such as an engine
room telegraph together with an engine bridge control system, shall in this respect be dealt with likewise.

NOTE 2 When the main switchboard is located in a separate and enclosed compartment, such as an engine
control room, this clause is not applicable to the equipment and cables installed in this compartment.

Where it is required to divide a ship into fire zones (such as is generally the case of
passenger ships), cable runs shall be so arranged that a fire in any main vertical fire zone
will not affect operation of essential services in any other such zone. This requirement will
be met if main and emergency cables passing through any zone are separated both
vertically and horizontally as widely as is practicable and do not pass through the same
horizontal zone. The cables shall be capable of maintaining circuit integrity in the event of
fire — see item o)
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I) Cables and wiring serving essential or emergency systems shall so far as practicable be
routed clear of galleys, laundries, machinery spaces and their casings and other high fire
risk areas, except for supplying equipment in those spaces. They shall be run in such a
manner as to preclude their being rendered unserviceable by heating of the bulkheads that
may be caused by a fire in an adjacent space.

m) When it is essential that a cable shall function for some time during a fire and it is
unavoidable that the cable for such a circuit is routed through a high risk area it shall meet
the requirements of 3.14.

n) Cables for intrinsically safe circuits shall be bunched together and routed separately from
power or control cables. The outer sheath of the cable shall be coloured blue or
alternatively black with a blue stripe(s). The stripe(s) shall be applied such that it is clearly
visfpte when the mstatted cabte 15 exXposed.

NO[FE 3 A sheath coloured black with a blue stripe has been accepted by the national authorities” pf some
countries.

o) In respect of the prevention of fire damage to cables, special attention shall be given to
thg protection of main cable routes for essential circuits as, for example, between
mdchinery spaces and the navigation bridge area, taking into accountthe fire risk eixisting
in accommodation spaces.

NO[JFE 4 Machinery spaces of category A according to SOLAS Convention41974 and its amendments, and
thefr casings, galleys and laundries are to be included among high fire risk areas see IEC 60092-101.

p) Caple penetrations shall be arranged so as to maintain thé/fire integrity of the ship. See
Anpex C for further details.

3.16 |[Cable installation methods in relation to electromagnetic interference

In order to avoid as much as possible the effectsof unwanted electromagnetic interfdrence,
attentipn shall be given to IEC 60533. This is of‘particular importance for the installation of
cableg in the vicinity of radio equipment and’ for the installation of cables belonding to
sensitive electronic control and monitoring systems.

3.17 LWechanical protection

In situptions where there is a riskiof mechanical abuse, cables shall be enclosed in spitable
condults or casings, unless the“cable covering (for example armour or sheath) prpvides
adequpte protection.

In situEtions where there) is an exceptional risk of mechanical damage, for example in|holds,
storage, cargo spaces’/etc., cables shall be protected by steel casing, trunking or cohduits,
even Wwhen armoured, if the ship’s structure or attached parts do not afford sufficient
protection for the{cables.

Metal |casing ‘used for mechanical protection of cables shall be efficiently protected ggainst
corrosjon.

3.17.1 Earthing of metal coverings and of mechanical protection of cables

All metal coverings of cables shall be electrically connected to the metal hull of the ship at
both ends except in so far as the provisions given in this clause apply. Single point earthing is
permitted for final circuits (at the supply end), single core cables and in those installations
(control and instrumentation cables, mineral insulated cables, intrinsically safe circuits,
control circuits, etc.) where it is required for technical or security reasons, if any.

The metal covering of cables may be earthed by means of glands intended for the purpose
and so designed as to ensure an effective earth connection.

The glands shall be firmly attached to, and in effective electrical contact with, a metal
structure earthed in accordance with this standard.
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The electrical continuity of all metal coverings throughout the length of the cables, particularly
at joints and tappings, shall be ensured.

Metal casings, pipes and conduits or trunking shall be effectively earthed.

Equipment earthing connections shall be carried out with conductors having cross-sectional
areas (see Table 2) related to the cross sectional area of current carrying conductor (see
Tables A.1—- A.5, or by equivalent means, such as metal clamps gripping the metal covering of
the cable and connected to the metal hull of the ship.

The metal sheath (covering), armour or braid of a cable may be used as the only means of
earthifg 1T the earth loop Impedance is low enough to ensure effective operation |of the
device(s) intended to protect the circuit. This is additional to the requirements of IEC60092-
350 and Table 2 relating to cross sectional area of the braid.

NOTE 1 In some countries it is prohibited to use the cable armour as an earthing conductor.

NOTE 2 Careful consideration needs to be given to possible adverse effects due to corrosion,/see 3.15.
3.18 [Bending radius
The internal bending radius for the installation of cables shall be~as recommended py the

manufpcturer according to the type of cable chosen, and shall'‘not be less than the palues
given |n Tables 4 and 5.

Table 4 — Bending radii for cables rated up to 1,8/3 kV

Cable construction Overall diameter Minimu1n internal
- - of cable (D) radius|of bend
Insulation Covering

Thermoplastic or Unarmoured <25 mm 41D a
thermogetting with circular )
copper fonductors or unbraided >25 mm gD

Metal braid screened or armoured Any 6 D

Metal wire<armoured Any 6 D

Metal tape-armoured or metal- sheathed

Composite polyester/metal laminate tape Any 8 D
screened units or collective tape screening

Thermoplastic or Any Any 8 D
thermogetting with sector
shaped |copper condugtors

Mineral Hard metal sheathed Any 6 D

a 6D for|defined circuit integrity

Table 4A - Bending radii for cables rated at 3,6/6,0(7,2) kV and above

Cable construction Overall diameter of cable Minimum internal radius
(D) of bend
Single Core Cable Any 12D

3 — Core cables Any 9D
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3.19 Supports and fixing

With the exception of cables for portable appliances and those installed in pipes, conduits,
trunkings or special casings, cables shall be fixed by means of clips, saddles or straps of
suitable material which if ignited, shall not contribute to any spread of flame along the cables
or insulated wire. The material shall have a surface area sufficiently large and be shaped
such that the cables remain tight without their coverings being damaged.

The distances between supports shall be chosen according to the type of cable and the
probability of vibration. It shall not exceed 400 mm for a horizontal cable run where the cables
are laid on cable supports in the form of tray plates, separate support brackets or hanger
ladders. The spacing between the fixing points may be up to 900 mm, provided that there are
suppofts with maximum spacing as specified above. This exemption shall not apply/tg cable
runs ajong weather decks, when the cable run is arranged so that the cables can be suhjected
to forces by water washing over the deck.

NOTE 1 When designing a cable support system for single core cables consideration shallals6 be giveh to the
effects pf electrodynamic forces developing on the occurrence of a short circuit (see 3.8). The distances between
cable sypports given above are not necessarily adequate for these forces.

NOTE 2 Cables with class 5 conductors may require additional support to prevent sagging

The suipports and the corresponding accessories shall be robust ‘and shall be of cofrosion
resistgnt material or suitably treated before erection to resist cotrosion.

NOTE 3 Cable clips or straps made from a material other than metal may‘be used. Requirements concerhing the
charactegristics of the material are under consideration.

When |cables are fixed by means of non-metallic clips “or straps, and are not laid on|top of
horizoptal cable trays or cable supports, suitable metal cable clips or saddles shall be|added
at regular distances not greater than 1 m in order’to prevent the release of cables ddring a
fire. Tlhis also applies to the fixing of non-metallic conduits or pipes.

Cable|clips or straps used to support cable for use in high fire risk areas and safety g@scape
routes|shall be metallic — see 3.15

3.20 [Cables penetrating bulkheads and decks

Penetpation of watertight decks’and bulkheads shall be effected in a watertight manner.|Either
individual stuffing glands_or. boxes containing several cables and filled with a flame refardant
packing shall be used for‘this purpose. Whichever type of cable is used, the glands, transits,
or boXes and their packing shall be such that the assembly meets the requirements|of the
appropriate approvahor regulatory authority.

NOTE |Care shdll\be taken in choosing packings, to avoid cables being adversely affected (e.g. py high
temperdture arising from the pouring of the compound, chemical reaction, etc.).

Cablesg passing through decks shall be protected to a suitable height above the deck.

If cables have to pass through non-watertight bulkheads and generally through holes drilled in
sheets of structural steel, these holes shall be fitted with glands or bushings of any suitable
material.

The choice of the materials used for glands and bushings shall be such that there is no risk of
corrosion or damage to the cables or to the ship’s structural materials.

Vertical trunking for electrical cables shall be so constructed as not to afford passage of fire
from one between deck or compartment to another.
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Penetration of decks and bulkheads, which are required to have some degree of fire integrity,
shall be so effected as to ensure that the required degree of fire integrity is not impaired.

The choice of type of cable constructions, which run through penetrations, shall be chosen so
that the required degree of sealing of the gland is not impaired.

3.21 Installation in metallic pipes or conduits or trunking

When cables are installed in metal tubes, conduits or trunking, the following precautions shall
be observed.

The pipes, conduits or trunking shall be suitably smooth on the interior and protected.ggainst
corrosjon.

The pipes or conduits or trunking shall have their ends shaped or bushed in such a way so as
not to damage the cable covering.

The pipes or conduits or trunking shall have such internal dimensions‘and radius of bend that
will pgrmit the easy drawing in and out of the cables which they are’to contain: the internal
radius| bend shall be not less than those permitted for cables ,(see 3.18) and, for| pipes
exceedling 63 mm external diameter, not less than twice the external diameter of the pipje.

Pipes,| conduits and trunking shall be so arranged that water cannot accumulate insid¢ them
(accoUnt being taken of possible condensation).

The space factor (ratio of the sum of the cross-sectional areas corresponding to the external
diameters of the cables to the internal cross-sectional area of the pipe or conduit or trynking)
shall not be greater than 0,4.

If necessary, ventilating openings shalk®be provided, preferably at the highest and |lowest
points| so as to permit air circulation~and to obviate the possibility of water accumulating at
any part of the pipe, conduit or trunking run. These ventilation openings shall not be made if
their igclusion will increase the fite risk.

If therg is reason to fear that a tube may break because of its length, appropriate exppnsion
joints phall be provided- This might be the case when cable pipes are fitted along weather
decks)

Wher¢d cables areto be drawn into pipes or conduits or trunking, draw boxes shall be installed
where[necessary in order to ensure that the cables are not damaged during installation.

3.22 |Installation in non-metallic pipes, conduits, trunking, ducts or capping and ¢asing

Cables may be installed in non-metallic pipes, conduits, trunking, ducts or casings either on
surface or concealed behind ceilings or panelling, provided the following precautions are
observed.

If the fixing of capping is by means of screws, they shall be of non-oxidising materials
arranged so as not to damage the cables. The capping shall be readily accessible.

Non-metallic pipes, conduits, trunkings, ducts or cappings and casings shall, if ignited, limited
the spread of flame in accordance with IEC 60092-101 and shall be properly secured.

The resistance to the spread of flame along the cables shall not be significantly impaired by
the use of such pipes, conduits, trunkings, ducts or capping and casings, and their paints or
coatings.
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Cables shall be fixed if necessary with clips as described in 3.19 and the precautions
recommended in items c) and d) of 3.15, for metallic protection, shall also be observed for
installation in non-metallic casings.

3.23

Installation in battery compartments

Installation of cables in rooms assigned to batteries shall be avoided as far as possible (see
IEC 60092-401). Where such an installation is necessary, the cables shall have a protective
covering resistant to the vapours developed by the electrolyte and the bulkhead penetration
shall be gas tight.
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to be installed in refrigeration spaces shall be protected against mechanical\dan
50 3.12. Cables insulated or sheathed with PVC shall not be used in refrigenated s

the PVC compounds are appropriate to the low temperature expected.

Armour is not corrosion resisting, it shall be protected against corrosion by a m
ng and low temperature resisting covering.

hall be taken to avoid the possibility of electrolytic action if the refrigeration ch
aluminium facing.

Tensile stress

shall be so installed that the tensile stress_applied to them either by reason g
pight or for any other reason is minimised.

echanical strength of conductors shall*be sufficient for the installation and w
ons and the cross sectional area of the conductor shall not be less than 0,4
precautions are particularly important for cables of small cross-section and for
tical runs, or in vertical pipes. These cables shall be suitably supported.

Special precautions for-single core cables for a.c. wiring

ing shall be carried out, as far as possible, in twin or multicore cables. When, ho
bcessary to use single core cables for circuits rated in excess of 20 A, the fol
tions shall be observed:

b cables sheuld either be non-armoured or they should be armoured with non- ma
terial. In ‘order to avoid current loops, the metallic screen should be earthed
nt only.The free end of the metallic screen shall be sufficiently insulated to
hinst-high voltages induced by short circuit currents.

b) Co

nductors belonging to the same circuit shall be contained within the same pipe, ¢
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runking, or tne clamps, Wnicn TixX therm, shall Inciudae all the phnases, Uniess in

made of non-magnetic material.
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c) When installing two, three or four single core cables forming respectively single phase
circuits, three phase circuits or three phase and neutral circuits, the cables shall as far as
possible be in contact with one another. In every case, the distance measured between
the external covering of two adjacent cables shall not be greater than one cable diameter

(D)
d) When single core cables having a current rating greater than 250 A must be installed near

a steel bulkhead, the clearance between the cables and the bulkhead shall be at least
50 mm, unless the cables belonging to the same a.c. circuit are installed in trefoil

for

mation.
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e) Magnetic material shall not be used between single core cables of a group. Where cables
pass through steel plates, all the conductors of the same circuit shall pass through a plate
or gland, so made that there is no magnetic material between the cables, and the
clearance between the cables and the magnetic material shall be not less than 50 mm,
unless the cables belonging to the same a.c. circuit are installed in trefoil formation.

f) In order to try to equalise the impedance of three phase circuits (of considerable length, or
consisting of single core cables of a conductor cross-section of 185 mm?2 or larger), a
transposition of the phases shall be effected at intervals not exceeding 15 m. The above
precautions are, however, not necessary when the cables are installed in trefoil formation.

g) In circuits involving several single core cables in parallel per phase, all cables shall follow
the same route and have the same cross-sectional area.

NOTE

systemq. Also in those situations, special precautions have to be taken.

Further, the cables pertaining to the same phase shall be as far as practicable.alternatg

those

case df two cables per phase, the correct dispositions are as follows:

Wherdas the following dispositions are unacceptable:

3.27
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mechgnical, resistance to flame spread, and where necessary, limitation of circuit inte

case
strand

Cables in d.c. systems with superimposed a.c. voltage or current can create the same problemssas

pf the other phases so that unequal division of the current is avoided({For insta
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Cable ends
leral, connectigns—and terminations to all conductors must retain the original ele

pf fire properties of the cable. All connecting devices must be suitable for
pd conductors.

for a.c.

d with
nce, in

ctrical,
grity in
copper

Wherg mechanical terminations are not used, the ends of all cable conductors shall b

with s

fitted
trands

of the conductor. Where soldering is adopted, corrosive fluxes shall not be used. All
protective coverings shall be removed for at least 13 mm from the ends of the insulation but
not more than necessary. For mineral cables see below.

Cable sockets and connecting terminals shall be of such design and dimensions that the
maximum current likely to flow through them will not produce heat which would be injurious to
the insulation. In general, the temperature shall not exceed that allowed for the cable in

relatio

n to the insulation.

The fixing of conductors in terminals (including soldered joints), at joints and at tappings, shall
withstand the thermal and dynamic effects of short circuit currents.
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When

required, cable ends shall be marked for identification.

The ends of mineral insulated cables shall be prepared in accordance with the instructions

issued

by the manufacturers of these cables.

NOTE The ends of unused conductors in multicore cables should be suitably treated, either by capping or

connect

3.28

ing to earth, so that the requirements of the particular system or installation are achieved.

Joints and tappings (branch circuits)

Cable runs shall not normally include joints. Cable joints are permitted under the following

condit

ons-

A cabl
structy

For a
A cabl

A cab

Splice

A method of preparation of a spliced connection is.given in informative Annex D

Propu
A cabl
Joints

3.29

Live parts shall be mgunted on durable flame-retardant moisture resistant material,

perma

The i

insulafing material, so that a short circuit cannot readily occur between conductors of di
polarity or(between conductors and earthed metal.

ral sub-assembly to facilitate modular construction techniques.
essel receiving alterations, a cable may be spliced to extend a circuit

e of exceptional length may be spliced to facilitate its installation

H connections should be accessible.

sion cables and cables in hazardous |ocations should not be spliced.
e connected in a junction box is not considered to be a spliced connection.
and tappings shall be clearly-marked to identify the cable(s) and core(s).

Joint boxes

hently high dielectric strength and high insulation resistance.

e parts~shall be arranged by suitable spacing, or shielding with flame ret

e installed in a structural sub-assembly may be spliced to a cable installed in another

e may be spliced to replace a damaged section when{the remainder of the cable is
determined to be in good mechanical and electrical condition

having

ardant

fferent

Joint boxes shall be made of flame retarded material. The ablility of the joint box material to
limit the spread of flame shall be at least that of the cables entering it.

Joint boxes shall be clearly identified defining their function and voltage.
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Figure 1 — Correction factors for half-hour and one hour service
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Annex A
(informative)

Tabulated current carrying capacities —
Defined installations

General

irrent ratings in Tables A.1 to A.5 are applicable for d.c. and a.c. with aim

frequejncy of 50 Hz or 60 Hz. For higher frequencies, the current rating shall be~galg

with a

NOTE 1
coverin
core ca

 appropriate method (e.g. IEC 60287).

The current ratings in Tables A.1 to A.5 are applicable, with fair approximation, whatever is the
(e.g. both armoured and unarmoured cables). Where the armour, screens or metallic sheaths g
bles are bonded at both ends of a run, the circulating currents in the metallic layers/will reduce the

rating of the cables. The extent of the reduction will depend on the resistance of the(metallic layer. In sud
the currgent rating should be calculated for the specific cable type.

NOTE 2 The current ratings in Tables A.1 to A.5 are based on the nominaldimensions of 600/1 000 V

Current
LV cabl

ratings for higher voltage cables, up to 15 kV, may be up to about 5/% fewer than the tabulated v3
S.

4

NOTE 3 The current ratings in Tables A.1 to A.5 are based on class 2 conductors. When using cables with
conductors, users should carefully check the applicable current ratingsswhich may be lower than for cables

same n

A.2

minal cross-sectional area of class 2 conductors. See IEC. 60228 for references to classes of condd

Reference methods of installation

The rgference methods are those methods, fer which the current-carrying capacity has
determined by test or calculation.

For th

b electrical installations in shipS)the following reference methods of IEC 60364-5-

considered applicable and are presented in Tables A.1 to A.5 (in which ‘D.’ is the valy

cable

NOTE
howeve

- R
(m
bu
co

liameter).

The installation methods A, and D as given in IEC 60364-5-52 are not currently used in this sta
to avoid confusion the-other reference notations from that specification have been retained.

ference methods B.1 (insulated conductors in a conduit on a bulkhead) an
Iti-core cable‘in a conduit on a bulkhead). These apply to a circuit mounteq
khead so\that the gap between the conduit and the surface is less than 0,3 tim
nduit diameter. The conduit can be metal or plastic.

pminal
ulated

type of
f single
current
h cases

cables.
lues for

class 5
with the
ctors

5 been

52 are
e of a

hdard —

d B.2
on a
es the

y to a

- Reference method C (single core or multicore cable on a bulkhead). These app
canwmmmm

than 0,3 times the cable diameter.

is less

- Reference methods E, F and G (single-core or multi-core cable in free air). These apply
to a cable so supported that the total heat dissipation is not impeded. Heating due to solar
radiation and other sources shall be taken into account. Care shall be taken that natural
air convection is not impeded. In practice, a clearance between a cable and any adjacent
surface of at least 0,3 times the cable external diameter for multicore cables, or one times
the cable diameter for single-core cables, is sufficient to permit the use of current carrying
capacities appropriate to free air conditions.

NOTE The current carrying capacities in this document are applicable for either metallic or non-metallic
bulkheads.
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A.3 Other methods of installation

The method of installation for a cable on or under a deck is similar to reference method C
except that the rating for a cable under a deck is slightly reduced (see Table 8) from the value
for a bulkhead or on a deck because of the reduction in natural convection.

The method of installation for cable tray: a perforated tray has a regular pattern of holes so as
to facilitate the use of cable fixings. The ratings for cables on perforated trays have been
derived from test work utilising trays where the holes occupied 30 % of the area of the base
reference methods E or F. If the holes occupy less than 30 % of the area of the base the tray

THetHoo—o-

The miethod of installation for ladder support: this is of a type of construction which offers a
minimym of impedance to the airflow around the cables, i.e. supporting metal awork under the
cableg occupies less than 10 % of the plan area — reference methods E or F¢

The mthod of installation for cleats and hangers: this type of cable support holds the cable at
intervgls along its length and permits substantially complete freevair around the |cable.
Refergnce methods E, F or G.

The method of installation for decks (false floors) — cables “installed under decks of false
floors reference methods B1 for single core cables and B2 for multicore cables.

A.4 |Correction factors for cable grouping

The current carrying capacities tabulated in Tables A.1 to A.5 shall be subjected to the| group
correction factors in case of a group of insulated conductors or cables.

The group correction factors are applicablée to groups of insulated conductors or cables having
the samme maximum operating tempernature.

For gnoups containing cables-ot”insulated conductors having different maximum operating
temperatures, the current carrying capacity of all the cables or insulated conductors|in the
group shall be based on that of the lowest maximum rated conductor temperature of any cable
in the group together with \the appropriate group correction factor.

Wherg operating_eonditions are known, and a cable or insulated conductor is not expe¢ted to
carry @ current.greater than 30 % of its calculated grouped rating, it can be ignored for the
purpoge of obtaining a correction factor for the rest of the group. Also in the case of cables
not bejng loaded simultaneously, consideration of the actual loading appertaining is permitted.

NOTE 1] €dbles are said to be bunched when two or more are contained within a single conduit, trunking|or duct,
or, if not enclosed, are not separated from each other

A.4.1 For installation methods B and C the current carrying capacities given in Tables A.1
to A.5 relate to single circuits consisting of the following numbers of conductors:

— two insulated conductors or two single-core cables, or one twin-core cable;

— three insulated conductors or three single-core cables, or one three-core cable.

Where more insulated conductors or cables are installed in the same group, the group
correction factors specified in table A.6 shall be applied.

NOTE 2 The group correction factors have been calculated on the basis of prolonged steady-state operation at
the 100 % load factor for all line conductors. Where the loading is less than 100 % as a result of the conditions of
operation of the installation, the group correction factors may be higher.
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A.4.2 For installations methods E and F on trays with cleats, clamps, etc. current carrying
capacities for both single circuits and groups shall be obtained by multiplying the capacities
given in tables A.1 to A.5, (for the relevant arrangements of insulated conductors or cables in
free air), by the installation and group correction factors given in tables A.6 to A.8.

NOTE 3 Group correction factors have been calculated as averages for the range of conductor sizes, cable types
and installations considered. Attention is drawn to the notes under each table. In some instances, a more precise
calculation may be desirable.
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Table A.6 — Correction factors for groups of more than one circuit or of more than one
multi-core cable to be used with current carrying capacities of Tables A.1 to A.5

. i To be used with
| Arrangement Number of circuits or multi-core cables current-carrying
tem . o

(cables touching) capacities,
1 2 3 4 5 6 7 8 9 12 16 20 reference
1 Bunched in air, on a 1,00 | 0,80 | 0,70 | 0,65 (0,60 | 0,57 | 0,54 | 0,52 | 0,50 | 0,45 | 0,41 | 0,38 | Methods B,C,E and
surface, embedded or F
enclosed
2 Single layer on bulkhead, | 1,00 | 0,85 0,79 | 0,75 (0,73 | 0,72 | 0,72 | 0,71 0,70
deck or unperforated tray
. ) ) . Method C
3 [Single laydgr fixed directly | 0,95 | 0,81 0,72 | 0,68 | 0,66 | 0,64 | 0,63 | 0,62 | 0,61 No further reduction
under a ngn metallic factor for more'than
deckhead nine circuits or
4 |[Single laydron a 100 | 088 | 082 | 077 |0.75] 073 | 073 | 072 | 072 | Multicorecables
perforatedgltworizontal or
vertical tra Methods E and F
5 Single Iaer on ladder 1,00 | 0,87 | 0,82 | 0,80 |0,80| 0,79 | 0,79 | 0,78 | 0,78
support or[cleats etc.,
NOTE 1 Theselfactors are applicable to uniform groups of cables, equally loaded.

NOTE 2 Whereg
NOTE 3 The s3
—  groups of tw
—  multi-core ¢

NOTE 4
and the corresq
loaded conduct|

NOTE 5 If a g

bbles.

circuits of threq loaded conductors.

NOTE 6 The
to A.5 the over

me factors are applied to:

o or three single-core cables;

horizontal clearances between adjacent cables exceeds twice their overall diameter, no reduction factor need

be applied.

If a dystem consists of both two- and three-core cables, ¢thertotal number of cables is taken as the number of circuits,
onding factor is applied to the tables for two loaded conductors for the two-core cables, and to the [tables for three
brs for the three-core cables.

roup consists of n single-core cables it mayw&ither be considered as n/2 circuits of two loaded conductors or n/3

alues given have been averaged over-the range of conductor sizes and types of installation includgd in Tables A.1
Il accuracy of tabulated values is within 5 %.

NOTE 7 For some installations and for other_methods not provided for in the above table, it may be appropriat¢ to use factors

calculated for s

pecific cases, see for example tables A.7 and A.8.
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Table A.7 — Correction factors for group of more than one multi-core cable
to be applied to reference ratings for multi-core cables in free air -
Method of installation E in Tables A.1 to A.5

Number of cables per tray or ladder
Method of installation Number
of trays 1 2 3 4 6 9
Touching
1 1,00 0,88 0,82 0,79 0,76 0,73
1,00 0,87 0,80 0,77 0,73 0,68
3 1,00 0,86 0,79 0,76 0,71 0,66
Perforated Z26-mm
trayp
Spaced
(Note|3)
De 1 1,00 1,00 0,98 0,98 0,91 -
i ] 1,00 | 0,99 | 0,96 |~0/92 | 0,87
TRz N o | oo | ool | o
B ST 3 1,00 0,98 0,95 0,91 0,85 -
—>20 mm
1 1,00 0,88 0,82 0,78 0,73 0,72
2 1,00 0,88 0,81 0,76 0,71 0,70
Vertigal
perforated
trayp
(Note|4)
1 1,00 0,91 0,89 0,88 0,87 -
2 1,00 0,91 0,88 0,87 0,85 -
1 1,00 0,87 0,82 0,80 0,79 0,78
OAZONZONVZONZO 1,00 0,86 0,80 0,78 0,76 0,73
g EIDEEED)
3 1,00 0,85 0,79 0,76 0,73 0,70
Ladder +-220 mm
supports,
cleats, [etc. Spaced
(Note]3) Do 1 1,00 | 1,00 | 1,00 | 1,00 | 1,00 -
R = \ﬁ%}\ = 2 1-00 0-99 098 0-97 0-96 _
%J@ @ ®J 3 1,00 0,98 0,97 0,96 0,93 -
l~>20 mm
NOTE 1 Values given are averages for the cable types and range of conductor sizes considered in tables A.1 to A.5.

The spread of values is generally less than 5 %.

NOTE 2 Factors apply to single layer groups of cables as shown above and do not apply when cables are installed in
more than one layer touching each other. Values for such installations may be significantly lower and must be
determined by an appropriate method.

NOTE 3 Values are given for vertical spacings between trays of 300 mm and at least 20 mm between trays and wall.
For closer spacing the factors should be reduced.

NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back. For closer
spacing the factors should be reduced.
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Table A.8 — Correction factors for groups of more than one circuit of single-core cables
to be applied to reference rating for one circuit of single-core cables in free air -
Method of installation F in Tables A.1 to A.5

Number of three-phase U
circuits per tray or ladder se as a
Method of installation Nu::\ab;sr of (note 5) multiplier to
rating for
1 2 3 g
Touching
Perforated ‘ ‘ 1 0,98 0,91 0.87 Three cables in
tray 10.0/0/0,0.0 2 0.96 0.87 0.81 horizontal
o)(e)(0)(e)(e)(e® 7 7 7 .
(Note|3) ‘ """""""""" 3 0,95 0,85 0,78 i¢Agation
220 mm
Touching
Vertidal i i
perfordted iﬁi 1 0,96 0,86 - Three gables in
tray (O) I O) veftical
: mm i 2 0,95 0,84 - formation
(Note|4) i o)
© i©
Touching
Ladder
suppofts, & 1 1,00 0,97 0,96 Three ¢ables in
2 0,98 0,93 0,89 horizontal
cleats, ptc. 000000 2 0.97 0.90 0.86 fornjation
(Note|3) 520 mm ’ ’ ’
Perfordted 5 22\De < Do 1 1,00 0,98 0,96
tray Iﬁ‘)\, 2 0,97 0,93 0,89
[\ 1
(Note|3) o T 3 0,96 0,92 0,86
—>20 mm
Spaced
Vertidal 2 o5
perforgted .@i* oD, 1 1,00 0,91 0,89 _
tray D | 220 2 100 | 090 | oge |Threegablesin
(Note 4) o2 ©<©
De
Ladder 1 1,00 1,00 1,00
] >2Dg o s s s
g ot 2 097 —6.95—| 6:03
T ©lO) @@I
(Note 3) @ I = - 3 0,96 0,94 0,90
— mm

NOTE 1 Values given are averages for the cable types and range of conductor sizes considered in table A.1 to A.5.
The spread of values is generally less than 5 %.

NOTE 2 Factors are given for single layers of cables (or trefoil groups) as shown in the table and do not apply
when cables are installed in more than one layer touching each other. Values for such installations may be
significantly lower and must be determined by an appropriate method.

NOTE 3 Values are given for vertical spacings between trays of 300 mm. For closer spacing the factors should be
reduced.

NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back and at
least 20 mm between the tray and any wall. For closer spacing the factors should be reduced.

NOTE 5 For circuits having more than one cable in parallel per phase, each three phase set of conductors should
be considered as a circuit for the purpose of this table.
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Annex B
(informative)

Tabulated current carrying capacities —
General installations

General

These

Currer
case f

pr continuous service are shown in tables B.1 to B.5 and are recommended as|

current carrying capacities are derived from those as documented in the mainyftext of
publications of IEC 60092-352 previous to 2003:

t ratings currently available from various approval authorities for use,in the dgeneral

being

applicable to both unarmoured and armoured cables laid in free airpas a group ¢f four

bunch

These

together on cable trays, in cable conduits, pipes or trunking,<unless more than six d

which
togeth
them.

NOTE
if not en

These
of 45
tempe

on the¢ various insulating materials. given in IEC 60092-351 together with any ty

sheath
The b4

The t3
these
existin
that th
import
of the
permit

bd together.

ratings may be considered applicable, without correction factors, for cables bu
may be expected to operate simultaneously at their full rated capacity, are laid

n this case a correction factor of 0,85 should befapplied.

Cables are said to be bunched when two or more are cantained within a single conduit, trunking or
closed, are not separated from each other.

ratings have been calculated using the. basis given below for an ambient tempq
C and a conductor temperature that is assumed to be equal to the maximum
rature of the insulation and continuously maintained. The cable constructions are

ing material given in IEC 60092-359.

sis for the calculation of the ratings in Tables B.1 to B.5 is as follows.

bles incorporated_ih, this standard for the current ratings give only average
g in practice. They are nevertheless recommended for general application, cons
e errors (a.few degrees Celsius in the estimated operating temperature) are ¢

ance agaifst'the advantages of having a single international standard for the eva
current_ratings. In particular cases, however, a more precise evaluation sh

The cU
A, ins

ted, based on experimental or calculated data acceptable to all interested parties
rrent ratings /, in amper hav n calculated for h nominal cross-section
quare millimetres, with the formula:

I=aA 0,625

nched
ables,
close

er in a cable bunch in such a way that there is an @bsénce of free air circulation around

duct, or

rature

rated
based
pe of

alues;

are not exactly(applicable to all cable constructions and all installation conditions

dering
f little
uation
all be

| area

where a is a coefficient related to the maximum permissible service temperature of the
conductor as follows:

Maximum permissible temperature of the 60 °C 70 °C 85 °C 90 °C 95 °C
conductor
Values of a for nominal > 2,5 mm? 9,5 12 16 17 18

Cross-sectional area <2,5 mm?2 8 11,5 16 18 20



https://iecnorm.com/api/?name=37558c6813d0a82d686738835b9d544b

60092-352 © IEC:2005(E) — 41—

NOTE When a mineral insulated cable is installed in such a location that its copper sheath is liable to be touched
by hand when in service, the current rating shown in column 6 shall be multiplied by the correction factor 0,80 in
order that the sheath temperature does not exceed 70 °C.

The ambient temperature of 45 °C, on which the current ratings in Tables B.1 to B.5 are
based, is considered as a standard value for the ambient air temperature, generally applicable
for any kind of ship and for navigation in any climate.

When, however, ships are considered for particular uses e.g. for instance: coasters, ferries,
harbour craft, and the ambient temperature is known to be permanently lower than 45 °C, it is
permitted to increase the current ratings from those in the tables — but in no case shall the
ambient temperature be considered to be lower than 35 °C.

When,on the other hand, it is to be expected that the air temperature around the cableg could
be higher than 45 °C (for instance, when a cable is wholly or partly installed /inspafces or
compdrtments where heat is produced or higher cable temperatures could be reached [due to
heat tfansfer), the current ratings from the tables B.1 to B.5 shall be reduced:

The carrection factors for these different ambient air temperatures are given in table B.3.
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