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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh cor
hational electrotechnical committees (IEC National Committees). The object of IEC is to

end and in addition to other activities, IEC publishes International Standards, TecChnical Specifi
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, referred to

ication(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee in
e subject dealt with may participate in this preparatory work. Internatiohal,” governmental a

the International Organization for Standardization (ISO) in accordance“with conditions determ|
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express,\as nearly as possible, an interj
ensus of opinion on the relevant subjects since each technicalk'‘committee has representation
ested IEC National Committees.

Publications have the form of recommendations for internatjonal 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.

Fder 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
pment declared to be in conformity with’an IEC Publication.

sers should ensure that they have the latest edition of this publication.

ability shall attach to IEC of its directors, employees, servants or agents including individual exp
bers of its technical committ€es and IEC National Committees for any personal injury, property da
r damage of any natureswhatsoever, 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 forthe*correct application of this publication.

htion is drawn to the possibility that some of the elements of this IEC Publication may be the sy
nt rights-~lEC shall not be held responsible for identifying any or all such patent rights.

Ttional Standard IEC 60092-503 has been prepared by IEC technical committ

hprising
bromote
blds. To
cations,
s “IEC
erested
hd non-

rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates| closely

ined by

hational
from all

National
of IEC
for any

ications
Ergence
cated in

for any
erts and
mage or

es) and
her IEC

tions is

bject of

pe 18:

This second edition cancels and replaces the first edition published in 1975. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition.

The scope is changed to an upper limit of the system voltage from 11 kV to 15 kV.

General requirements regarding warning notices, access to installations, clearances and
creepage distances of uninsulated conductors and earthing have been introduced.

Technical review has generally been made to update the standard according to general
requirements and referenced equipment standards.
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The text of this standard is based on the following documents:

FDIS Report on voting
18/1053/FDIS 18/1059/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.

A list pf all parts of the IEC 60092 series, under the general title Electrical installatfons in
ships, |can be found on the IEC website.

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

* redonfirmed,

* 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 for electrical installations in sea-going
ships, incorporating good practice and coordinating, as far as possible, existing rules.

These standards form a code of practical interpretation and amplification of the requirements
of the International Convention for the Safety of Life at Sea, a guide for future regulations
which may be prepared, and a statement of practice for use by shipowners, shipbuilders and
appropriate organizations.



https://iecnorm.com/api/?name=62808750ae1f9381750f11ba4bf7f93c

60092-503 © IEC:2007(E) —7-

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 503: Special features —
AC supply systems with voltages in the range
of above 1 kV up to and including 15 kV

1 Scope

This pprt of IEC 60092 is applicable to a.c. supply systems with voltages from 1 kV-up [to and
including 15 kV. The requirements contained in other parts of IEC 60092 ,dpply |where
appropriate, subject to the exceptions stated in the following clauses.

2 Normative references

The fgllowing referenced documents are indispensable for the apptication of this dociment.
For dated references, only the edition cited applies. For undated(references, the latest pdition

of the
IEC 6(
IEC 6(
IEC 6(
IEC 6(
IEC 6(
IEC 6(
IEC 6(

IEC 6(
constr

IEC 6(
field p

referenced document (including any amendments) appli€s,

034 (all parts), Rotating electrical machines

038:1983, /EC standard voltages

071-1, Insulation co-ordination — Part 1~Déefinitions, principles and rules

071-2, Insulation co-ordination —.Rart 2: Application guide

076 (all parts), Power transformers

092-201, Electrical installations in ships — Part 201: System design — General
092-202, ElectricalNinstallations in ships — Part 202: System design — Protection

092-350, Electrical installations in ships — Part 350: Shipboard power cables — G
Liction andtest requirements

092353, Electrical installations in ships — Part 353: Single and multicore non
bwer cables with extruded solid insulation for rated voltages 1 kV and 3 kV

eneral

-radial

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)

IEC 60265-1, High-voltage switches — Part 1: Switches for rated voltages above 1 kV and less
than 52 kV

IEC 60282-1:2005, High-voltage fuses — Part 1: Current-limiting fuses

IEC 60502 (all parts), Power cables with extruded insulation and their accessories for rated
voltages from 1 kV (U,, = 1,2 kV) up to 30 kV (U, = 36 kV)
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IEC 60502-1, Power cables with extruded insulation and their accessories for rated voltages
from 1 kV (U,, = 1,2 kV) up to 30 kV (U,, = 36 kV) — Part 1: Cables for rated voltages of 1 kV

(U, = 1,2 kV) up to 3 kV (U, = 3,6 kV)

IEC 60502-2, Power cables with extruded insulation and their accessories for rated voltages
from 1 kV (U, = 1,2 kV) up to 30 kV (U,, = 36 kV) — Part 2: Cables for rated voltages from

6 kV (U, =7,2kV) upto 30 kV (U, =36 kV)

IEC 60694:1996, Common specifications for high-voltage switchgear and controlgear
standards

IEC 63271 (all parts), High-voltage switchgear and controlgear

IEC 63271-200:2003, High-voltage switchgear and controlgear — Part 200: ACmetal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV|

3 Teéerms and definitions
For thé purposes of this document, the following terms and definitions apply.

3.1 |AC voltages
For alternating voltages, the voltages stated below are{.m-s. values.

3.11
nominal system voltage
voltageé by which a system is designated

[IEC 6P038, Clause 1]

3.1.2
highes$t and lowest voltages of a'system (excluding transient or abnormal conditions)

3.1.2.1
highest voltage of a system
highegt value of voltage\which occurs under normal operating conditions at any time pnd at
any pdint on the system

NOTE [It excludes voltage transients, such as those due to system switching and temporary voltage variatipns.

[IEC 6pP038,2:1; modified]

3.1.2.2
lowest voltage of a system

lowest value of voltage which occurs under normal operating conditions at any time and at
any point on the system

NOTE It excludes voltage transients, such as those due to system switching and temporary voltage variations.

[IEC 60038, 2.2, modified]

3.1.2.3
highest voltage for equipment

maximum value of the "highest system voltage" (see 3.1.2.1) for which the equipment may be
used

NOTE Attention is drawn to the fact that in some equipment standards the term "voltage range" has a different
meaning.
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[IEC 60038, Clause 9, modified]

3.2 Earthed neutral systems

3.21

high-resistance earthed neutral
system where the neutral is earthed through a resistance with numerical value equal to, or
somewhat less than, one-third of the capacitive reactance between phase and earth

3.2.2

low-resistance earthed neutral

system where the neutral is earthed fhrmlgh aresistance which limits the earth fault current to
a minimum value of 20 % and a maximum value of 100 % of the rated current of the largest
generator

3.3 Insulation

3.3.1

insulation coordination

selection of the dielectric strength of equipment in relation to the voltages which can appear

on the

envirohment and the characteristics of the available protective deyices

[IEC 6p071-1, 3.1]

3.3.2
rated

set of fated withstand voltages which characterize.the dielectric strength of the insulatio

[IEC 6D071-1, 3.35]

4 General requirements

4.1

Voltag
syste

system for which the equipment is intended and taking ‘into account the g

nsulation level

Voltage and frequency

and frequency shall'be chosen in accordance with IEC 60038. The maximum n
voltage is 15 kV.<Ihe preferred values for ship supply systems are stated in Tab

Table 1'— AC three-phase systems having a nominal voltage
above 1 kV and up to and including 15 kV

ervice

pminal
e 1.

Nominal system voltagea Nominal frequency Highest voltage for
equipment
KV Hz
kV
3 3,6
3,3 3,6
6 7,2
6,6 50 or 60 7,2
10 12
11 12
15 17,5
@ The values are voltages between phases.
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Warning notices

Warning notices shall be fixed in a visible position:

- both inside high-voltage rooms and at the entrance; and

- on

4.3

high-voltage equipment.

Access

Live parts of the installation shall have an earthed screen, earthed enclosure or approved
insulation by the appropriate authority.

Live p
way th

4.4

The ¢
higher

rts, which are to be operated or examined, shall be located and protected in
t they can be operated or examined easily and without danger.

Insulation level

bnditions on board ships may require certain equipment havingan insulation
than that of the nominal voltage of the system, see IEC 60071-1and IEC 60071-

shall be agreed between the manufacturer and the purchaser.

4.5

4.5.1

Clearances and creepage distances

Clearance distance

Uninsylated conductors which are not earthed shallbe/installed with a clearance fro
anothgr and from other conductive objects and from* walls, ceilings or their own pro
coverg of at least 5cm + 0,5 cm for each 1 k\.of operating voltage, unless voltags
carried out according to other similar standards, confirm that the insulation is adequa

less cl

parance. Other minimum clearances may'be considered in each case.

Minimyim clearances for equipment are given in Table 2.

4.5.2

Table 2 —~Minimum clearance for equipment

such a

level
P. This

m one
ective

tests
e with

. Minimum clearance distance
Nominal voltage
mm
V Main switchboard Other equipment and
generators

<M°100 142 14
<3300 32 26

< 6600 60 50
<11 000 100 80

< 15 000 x° x®

A distance of 25 mm is required for busbars and other bare conductors in main
switchboards.

b . .
Values under consideration.

Creepage distance

All equipment shall have satisfactory creepage distances.

Minimum creepage distances for main switchboards and generators are given in Table 3 and
minimum creepage distances for other equipment are given in Table 4.
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Table 3 — Minimum creepage distances for main switchboards and generators

4.6

Nominal voltage

Minimum creepage distance for proof tracking index

mm
Vv 300 V 375V 500 V > 600 V
<1100 26° 24° 22° 20°
<3300 63 59 53 48
<6600 113 108 99 90
<11 000 183 175 162 150
<15 000 x° x° x° x°

switchboards.

b ) )
Values under consideration.

@ A distance of 35 mm is required for busbars and other bare conductors in main

Table 4 — Minimum creepage distances for other equipment

Nominal voltage

Minimum creepage distance for proof tracking index

mm
v 300 V 375V 500 V > 600 V
<1100 18 17 15 14
<3300 42 41 38 26
<6600 83 80 75 70
< 11000 146 140 130 120
<15 000 X2 NG @ @

a . .
Values under consideration.

Earthing

Earthing conductors shall.generally be of copper and shall have a cross-section area of at

least 3
at the

All bu
from @

capacity/for-operation on system voltage.

mechT

5 mmZ2. The currefit-density shall not exceed 150 A/mmZ2 for copper earthing cong
maximum earth-fadlt which may occur.

sbars andlall switchgear for incoming and outgoing circuits which may be ensg
utside .the 'switchgear, shall be equipped with fixed earthing switches. Unless r
ical-Ninterlocks are provided, fixed earthing switches shall have adequate 1

uctors

rgized
eliable
haking

In other locations earthing and short-circuiting shall be carried out by means of fixed earthing
switches, portable earthing equipment or other suitable earthing equipment which is approved
by the appropriate authority

The secondary winding of current and voltage transformers shall be earthed. The earthing
conductor shall be of copper and have a minimum cross-section area of 4 mmZ2. The earthing
conductor may be connected direct to the earthed enclosure of the transformer or to an
earthed support.

Arrangements making it possible to establish local safety earthing shall be provided where
cables are implemented.
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4.7 Distribution systems
The following distribution systems shall be used:

— three-phase three-wire with high-impedance earthed neutral;
— three-phase three-wire with low-impedance earthed neutral;
— three-phase three-wire with directly earthed neutral; or

— three-phase three-wire with insulated neutral;

NOTE 1 For tankers, see IEC 60092-5021.

be given to the dielectric strength of insulation.
NOTE If the neutral point of the system is connected to earth with an impedance (resistance or-reactan
induced| overvoltage will be higher than when it is connected with direct neutral earthing on the, occurren

earth fallt.

Wherg neutrals are earthed direct, it shall be ascertained that the equipment can wit
the eafth-fault current which may result from a single-phase earth fault={P means are pr;
for lim|ting earth-fault currents, this shall not influence selectivity.

Meanq of disconnection shall be fitted in the neutral earthing,/connection. Locking ar
ments|shall be considered.

4.7.1 Divided system

h faults,

ce), the
e of an

nstand
bvided

range-

Whereg an earthed system is divided into two or more sections, means for neutral earthing

shall be provided for each section.

4.7.2 Auxiliary circuits

When jauxiliary power is needed for the-operation of switches, an independent auxiliary
systenp shall be provided for each of the switchboard sections. The auxiliary power sy
shall Have sufficient capacity for at-least two operations of each circuit-breaker on the s

NOTE [This requirement applies to switches being simultaneously disconnected and without any abnormal
drop in|the auxiliary power cirguit: or any abnormal drop of pressure in the hydraulic system used fo
operatign.

When |auxiliary power’/is used for the cooling system of a generator, either it sh
interlopked so that.the generator is disconnected if the auxiliary power fails, or the gen
shall lhave winding temperature detectors which actuate an alarm at the maximum
windinjg temperature and disconnect the generator at 10 % overtemperature.

power
stems
stem.

voltage
switch

all be
erator
rated

4.7.3 Busbars of main switchboards

The busbars of the main switchboard shall be divided into at least two independent sections
by the use of at least a circuit breaker rated for load switching. Connections from generators
to important services shall be divided between the sections so that safe operation of the ship

is ensured even with any one busbar section out of service.

Means shall be provided for the disconnection of all circuit-breakers and fused circuit-

breakers from the busbars.

NOTE Such means may be a disconnector having a visible isolating distance or gap, or a reliable position-

indicating device for each movable contact system, or similar visible means, for example, a withdrawable m
circuit-breaker in its isolating position.

11EC 60092-502:1999, Electrical installations in ships — Part 502: Tankers — Special features.

ulitipole
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4.7.4 Generator circuits

Each generator output circuit shall be connected through a circuit-breaker. In addition to the
general requirements, a protection device shall be provided to include protection against short
circuit or earth fault in the generator or in the cable connection from the generator to the
switchboard by disconnection of the generator circuit-breaker and de-excitation of the
generator.

4.7.5 Outgoing circuits

Feeder circuits shall normally be connected through a circuit-breaker which provides overload
and short-circuit protection.

A fusgd circuit-breaker may be accepted provided that fuses can be replaced without any
hazard to personnel. Fuses shall not be used for overload protection.

Switchgear for downstream circuits may be used as motor-starters only if, the’switchgear is
designed for the starting current and the stipulated number of switching operations.

NOTE 1| Certain types of fuses have an insufficient breaking capacity at currentscbetween rated load apd short
circuit.

NOTE 2 When using fused circuit-breakers, it is assumed that the overcufrent protection device of the circuit-
breaker|operates within the current range.

4.7.6 Power-transformer circuits

Supply circuits to the primary side of transformerssshall comply with the requirements pf out-
going gircuits.

If the power transformers are arranged for parallel operation, the secondary side circuits shall

be propvided with switchgear complying .with the requirements of outgoing circuit. The
switchgear on the secondary side shall be“interlocked with the switchgear on the primary side.

4.7.7 Shore-connection circuits ‘and circuits to other units

Shore{connection circuits shall*be installed if agreed between the manufacturer apd the
purchgser.

Circuifs to other units.shall only be installed if necessary.

4.7.8 Controland instrumentation circuits

Excep} for shoft connections to instrument transformers, relays, auxiliary switcheq, etc.,
contro| and_instrumentation circuits shall be installed separated from main circuits by means
of parqitions of insulating and flame-retardant material.

Alternative cable connections may be accepted.

Fuses in control and instrumentation circuits requiring attention while the equipment is in
service shall be accessible without any hazard to personnel.

NOTE The requirement concerning partitions may be effected, for example, by using cable conduits.

4.8 Generator and transformer neutrals
4.8.1 Generator neutrals interconnected

If generators are intended to run with neutrals interconnected, manufacturers shall be
informed so that the machines can be suitably designed to avoid excessive circulating
currents. This is particularly important if they are of differing size and make.
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4.8.2 Disconnection

A disconnect device shall be fitted in the neutral earthing connection of each a.c. generator so
that the generator may be disconnected for maintenance.

4.9 Electrical protection
491 General

In addition to the general requirements of IEC 60092-202, the following requirements apply:

4.9.2 Generator protection

The faLIts on the generator side of a circuit-breaker are regarded as phase-to-earth(or phase-
to-phage. Consideration shall also be given to protection against interwinding faults.

4.9.3 Motor protection

When Ja single consumer, such as a bow thruster, is supplied direct at'@)higher voltage via a
step-up transformer, the protection on the low-voltage side of the-transformer shall be
considered adequate.

4.9.4 Power-transformer protection

For short-circuit protection at the primary side, circuit-bteakers are preferred. If fusgs are
used gnd if the total connected load of all outgoing cireuits on the secondary side excedds the
rated | capacity of the transformer, consideration. shall be given to an overload projection
(such ps a circuit breaker set within the rated capacity of the transformer) or to an oVerload
alarm peing provided.

When |transformers are connected in parallel, tripping of the protective device at the grimary
side shall automatically trip the switch cofnected at the secondary side.

The pyrotection system shall include alarm for overcurrent or overtemperature if & load
diversity factor has been used when deciding the current rating of the transformer.

4.9.5 Voltage-transformer protection
Voltage-transformers for/control and instrumentation shall be protected against short|circuit

by fuses on the primary and on the secondary sides. Fuses may be omitted in circlits to
voltage detectorssintgenerator voltage regulators.

4.9.6 Overvoltage protection

Overvopltage protection shall be arranged for lower voltage systems supplied through
transformers from high-voltage sysiems. The profection device, Tor example, a neutral voltage
limiter or direct earthing of the lower voltage system shall be fitted at the secondary winding
of the transformer. Alternative protection, such as a metallic screen connected to earth
between primary and secondary windings of a transformer shall be provided.

4.9.7 Earth-fault monitoring

On systems designed with an insulated neutral or with high-resistance earthed neutral, where
outgoing feeders will not be isolated in case of an earth fault, the insulation of the equipment
shall be designed for the phase-to-phase voltage.

On systems designed with low-resistance or directly earthed neutral provision shall be made
to automatically disconnect the faulty circuits.


https://iecnorm.com/api/?name=62808750ae1f9381750f11ba4bf7f93c

60092-503 © IEC:2007(E) - 15—

In addition, a fixed monitoring device giving a visual and audible alarm in the event of an
insulation fault or earth fault in the installation shall be provided.

5 Equipment

All equipment shall be according to relevant IEC standards with the deviations and
supplementary requirements for marine applications.

Enclosures shall comply at least with the requirements in IEC 60092-201, Clause 26, unless
the following higher degree of protection is required.

The highest voltage for the equipment shall be specified with respect to

a) thq insulation;

b) otHer characteristics which may be referred to this highest voltagecin the relevant

equipment recommendations.
NOTE [It is understood that, particularly for certain nominal system voltages, normal) operation of equipment
cannot be ensured up to this highest voltage for equipment, having regard to voltage=sensitive characteristics such

as lossgs of capacitors, magnetizing current of transformers, etc. In such cases,the relevant recommendations
should gpecify the limit to which the normal operation of this equipment can be egnsured.

5.1 AC generators and motors

The alc. generators and motors shall generally be in actordance with the relevant pgarts of
IEC 6Q034.

511 Enclosures

Rotating machines and neutral resistors installed in spaces accessible to unautHorised
personnel shall have a degree of protection against contact with live or moving parts of at
least 1P4X.

NOTE 1| In rooms which are accessible for authorised persons only, a degree of protection IP23 can be acfepted.

NOTE 2 Machinery spaces will generally be considered as being accessible only to qualified persons. The same
applies fo the compartments which nermally are kept locked under the responsibility of the ship’s officers.

Conneglction boxes shall-have a degree of protection of at least IP44.

5.1.2 Performance
5.1.2.1 Temperature monitoring

The windings of all rotating machines shall be provided with temperature detectors for
monitdring”and alarm. Overvoltage protection shall be considered for temperature detector
circuits.

5.1.2.2 Stator winding circuit arrangement

Generator stator windings shall have all phase ends brought out for connection of stator
protection.

5.1.2.3 Generator performance at transformer switching

The performance of generators with excitation influenced by inrush current for the switching
on of large transformers should be agreed upon by the manufacturer and the purchaser (see
also 5.2.4).
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