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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS -
ELECTROMAGNETIC COMPATIBILITY (EMC) -
SHIPS WITH A METALLIC HULL

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.con
national electrotechnical committees (IEC National Committees). The object of IEC is\to
[national co-operation on all questions concerning standardization in the electrical and electtonic fig
end and in addition to other activities, IEC publishes International Standards, Technical, Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to 3

he subject dealt with may participate in this preparatory work. International,.governmental an
ernmental organizations liaising with the IEC also participate in this preparation. 1IEC collaborates
the International Organization for Standardization (ISO) in accordance with,-eonditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, asnearly as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation
fested IEC National Committees.

mittees in that sense. While all reasonable efforts are madé to ensure that the technical content
ications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Nationah'Committees undertake to apply IEC Publ
sparently to the maximum extent possible in theif\ national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of egnformity. Independent certification bodies provide co
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have, thelatest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g
hbers of its technical committees and IEC National Committees for any personal injury, property daf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

bpensable for the correct application of this publication.

ntion is drafuh.to the possibility that some of the elements of this IEC Publication may be the su
nt rights.(IEC shall not be held responsible for identifying any or all such patent rights.

made

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60533 has been prepared by IEC technical committee 18: Electrical
installations of ships and of mobile and fixed offshore units.

This third edition cancels and replaces the second edition, published in 1999. This edition
constitutes a technical revision.

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

— Introduction has been supplemented;

— scape and title have heen maodified to limit the application of the standard to installations in
sh|ps with metallic hulls only;

— the normative references have been updated;

— funther explanation for in-situ testing has been given in 5.1;

— numbering of CISPR-Standards in Tables 1, 2 and 3 has been updated;
— title of Annex B has been changed;

— requirements on cable routing in Annex B have been amended;

— new Annex C EMC test report has been added.

The tgxt of this standard is based on the following documents;

FDIS Reportt.on voting
18/1460/FDIS 18/1471/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged until the
stabilify date indicated on the /EC web site under "http://webstore.iec.ch" in the data relgted to
the spgcific publication. At this-date, the publication will be

e re¢onfirmed,
. wilhdrawn,

laced by axevised edition, or

e J€

e amended:

A bilingual Version of this standard may be issued at a later date.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

Electrical installations of ships with electric and/or electronic systems need to operate under a
wide range of environmental conditions.

The control of undesired electromagnetic emission ensures that no other device on board will
be unduly influenced by the equipment under consideration. Suitable limits are specified.

On the other hand, the equipment needs to function without degradation in the normal
electromagnetic environment. The limit values for immunity, specified in this International
Standard, have been chosen under this assumption. Equipment which is tested and installed in
accordance with this International Standard meets the relevant IMO requirements.\Jpecial
risks, [for instance lightning strikes, transients from the operation of circuit breakens and
electromagnetic radiation from radio transmitters are also covered.

Complex electric and/or electronic systems require EMC planning in all~phases of ¢lesign
and ingtallation, considering the electromagnetic environment, any special.requiremenis and
the equipment performance.

This third edition of IEC 60533 is applicable to electromagnetic-compatibility of all elgctrical
and electronic installations in ships with metallic hull.

It is bgsed on the assumption that the ship is constructed inJsuch a way that metallic hiill and
structyre parts will significantly attenuate electromagnmetic disturbance from the outef deck
environment to the inner deck environment and vice vérsa.
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ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS -
ELECTROMAGNETIC COMPATIBILITY (EMC) -
SHIPS WITH A METALLIC HULL

1 Scope

This International Standard specifies minimum requirements for emission, immunity and

perfor
equipn

nent for ships with metallic hull.-H-assists-in-meeting-therequirements—of HMO—res/
{(see—annex—A) Additional or divergent requirements for ships with non-metdlli¢’ h

en in a future International Standard (IEC 62742).

ptronic
blution
ull will

This |
SOLA
Intern

NOTE 1
EMC g

NOTE ]

This International Standard further gives guidélines and recommendations on the measu

achiey

hternational Standard assists in meeting the relevant EMC \fequirements as stg
5 74, Chapter IV, Regulation 6 and Chapter V, Regulation 17. Reference fo this
htional Standard is made in IMO Resolution A.813(19).

L The normative part of this International Standard. has been prepared as a product
tandard.

e . . ‘ ohy _

e EMC in the electrical and electroniclinstallations of the following equipment groug

ted in

family

res to
S:

a) group A: maritime navigation and-radio communication—and—navigation equipment and

btems;

Sy
b) gr
c) gr
d) gr
e) gr
f) gr
g) gr
The b
IEC 6

up B: power generation and;conversion equipment;

up C: equipment operating with pulsed power;

up D: switchgear and-contrel-systems controlgear;

up E: intercommunication and signal processing equipment and control systems;
up F: non-eleetrical items and equipment;

up G: integrated systems.

sic(EMC standard for groups A and C is IEC 60945. The EMC requirements according to

945,apply additionally for

e bridge mounted equipment;

e equipment in close proximity to receiving antennas;

e equipment capable of interfering with the safe navigation of the ship and with radio
communication.

NoTEThis-standard-does—not-specify-unsafe-operation Effects on humans, like exposure to

electromagnetic fields, and basic safety requirements such as protection against electric shock
and dielectric strength tests for equipment are not within the scope of this International
Standard.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60050 (all parts), International Electrotechnical  Vocabulary (availablg at:

www.¢dlectropedia.org)

IEC 60092-101: E o Ut . . . V1 Defifi ! !

requirgments

IEC 60092-201: £ .y Ut . , Dart 201: S . 5 !

IEC-6P092-504- Electrical-installations—in—ships——Part-504.-Special features — Contrpl-and

instrunentation

IEC 6D945, Maritime navigation and radiocommunication equipment and systems — General

requirements — Methods of testing and required testyresults

IEC 61000-1-1 FElectromaagneticcompatibilib ALEMC) Daort 1- Ganeral Section-1-Annllcation

=00 A" A A4 T T l—'\/\/tlulllugl'\lll\l Vulll’slullhlllll] ‘I—IVI\I/ LA T —oTrroerdar A=AA A TA>4 N | T I_"\I’sll TUTTOTT
P : r | definiti

2o grono o Eloctromacnatle oo ontibili, (200 Postlr Tootine ancl mmoooinomnont

i Section 1- O ; N . Basic EMOC Publioati

IEC 6[1000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measunement

techniques — Electrostatic discharge immunity test.-Basic-EMGC-Publication

IEC 6[1000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measunement

techniques — Radjiated, radio-frequency, electromagnetic field immunity test

IEC 6[1000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measunement

technique§ = Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement

techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-4-16, Electromagnetic compatibility (EMC) — Part 4-16: Testing and measurement
techniques — Test for immunity to conducted common mode disturbances in the frequency
range 0 Hz to 150 kHz
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IEC 61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunity
for residential, commercial and light-industrial environments

IEC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emission
standard for residential, commercial and light-industrial environments

CISPR 16-1-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling devices

for copducted disturbance measurements

CISPR 16-1-4, Specification for radio disturbance and immunity measuring apparatys and
methogds — Part 1-4: Radio disturbance and immunity measuring apparatus — Anténnas afpd test
sites fpr radiated disturbance measurements

e

methol

CISPR 16-2-1, Specification for radio disturbance and immudnity measuring apparatys and
methods — Part 2-1: Methods of measurement of disturbainces and immunity — Conqlucted
disturpance measurements

CISPR 16-2-3, Specification for radio disturbance ‘@nhd immunity measuring apparatys and
methods — Part 2-3: Methods of measurement Qf disturbances and immunity — Rddiated
disturpance measurements

IACS E10, Test specification foptype approval

3 Teérms and definitions

For the purposes.of this document, the terms and definitions given in IEC 60050-161 apd the
follow : n A 0p-1-1-

A

br—the

3.1

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: IEC 60050-161:1990, 161-01-07)

3.2

electromagnetic influence

effect of electromagnetic quantities on electrical and electronic circuits, equipment, systems or
humans
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3.3

electromagnetic interference

EMI

degradation of the performance of an equipment, transmission channel or system caused by an
electromagnetic disturbance

Note 1 to entry: In French, the terms “perturbation électromagnétique”-is—also—used—with—the—meaning—ef and

“brouillage électromagnétique” designate respectively the cause and the effect, and should not be used
indiscriminately.

Note 2 to entry: The English words "interference" and "disturbance" are often used indiscriminately.

[SOURCE-IEC 60050-161:1990 _161-01-06)

3.4
degragdation
<of performance> undesired departure in the operational performance~of any device,
equipment or system from its intended performance

Note 1 fo entry: The term "degradation” can apply to temporary or permanent failure,

[SOURCE: IEC 60050-161:1990, 161-01-19]

3.5
loss gf function
loss of function of a device beyond that permissible and*where the function can be reptored
only by technical measures.

Note 1 fo entry: A special case of loss of function is destruction.
Note 2 fo entry: Loss of function may be permanent ortemporary:
— technical measures to correct permanent loss.féquire the use of tools or spare parts;

— technical measures to correct temporarylloss require simple operator actions such as resetting a computer or
reswitching.

3.6
electrpmagnetic disturbance
any elpectromagnetic phenomenon which may degrade the performance of a device, equipment
or sysiem, or adversely.affect living or inert matter

Note 1 fo entry: Anselectromagnetic disturbance may be an electromagnetic noise, an unwanted signal or ajchange
in the propagatiop-medium itself

[SOURCE{1EC 60050-161:1990, 161-01-05]

3.7
emitter

<of electromagnetic disturbance> device, equipment or system which gives rise to voltages,
currents or electromagnetic fields that can act as electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-23]

3.8

susceptible device

device, equipment or system whose performance can be degraded by an electromagnetic
disturbance

[SOURCE: IEC 60050-161:1990, 161-01-24]
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3.9

emission

electromagnetic emission

phenomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:1990, 161-01-08]

3.10
immunity-{te-a-disturbance)

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]

3.11
coupljng
interagtion of circuits between which energy can be transferred-from-one-teaifother

3.12
insertjon loss
logarithmic ratio of the magnitude of the power which a load picks up when fed directly fr¢gm the
power|source, to the magnitude of the power which the load picks up after inserting a-fegr-pole
devied two-port network (for example a filter) between sourceand load

3.13
return loss
a
logarithmic ratio of the reciprocal value of the.reflection factor:

2420 xIig:
P
where

s|the ratio of return wave-to.-forward wave

r

Note 1 fo entry: r =0, a = o, if\the impedance of the protection circuit is matched to the wave impedancg of the
connecjed cable.

3.14
EMC analysis
compilation and\interpretation of EMC data to determine the degree of influence with eldctrical
devicgs

3.15
electromagnetic interference matrix

EMI matrix

matrix structure where emitters—ofdisturbance are set against susceptible devices—of
disturbance.

Note 1 to entry: At the crosspoints of lines and columns the extent of electromagnetic interference is noted.
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3.16
system
set of devices and/or components which interact according to a design.—A—device—andior

component-of a-system-can-be-another system-{called-subsystem):
EXAMPLE Hardware (controlling system, controlled system), software, human interaction.

Note 1 to entry: The total ship with its equipment may be considered to be a system.

3.17
equipment-or subsystem

a-technical single device and/or component intended to perform a given function, combining a

numb¢rof sub-units, etectrically and mechanicatty ...\ |

3.18
integrated system

combihation of separate-items—of-equipment-interconnected-for-the-intended-performahce—of ‘

systems intended to perform a given function

EXAMPILE - Integrated cargo monitoring system with sensors and equipment in different'zones.

3.19
ground
earth
point, [plane, or surface designated as the zero potential fnominally) and serving as a common
reference potential for electrical or electronic equipment

EXAMPILE Ship's metallic structure and all other metal parts cenductively interconnected.

Note 1 [to entry: For EMC purposes, interconnectigns between metal parts equalize the different potentigls and
require 3 low impedance in the frequency range considered. The frequency range considered includes the operating
as well|as the disturbing frequencies. This frequency range and the physical size of the electrical device defermine
the achjevable equalization of potentials and(thus the effectiveness of the grounding. The ground (earth) does not
in all cdses meet the personnel safety requirements of the protective earth.

Note 2 [to entry: For ships with asnon-metallic structure, all conductively interconnected metal parts (irjcluding
earth/gfjound plate if existing) form the’common ground (earth).

3.20
grounding
establishing of potential difference minimizing electrical connections

Note 1 to entry:  The term "bonding" is normally used for the act of creating a conductive path between two
conductive surfaces.
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Note 2 to entry: The term "earthing" (US, CA: "grounding") is normally used for measures to prevent the danger of
an electric shock by connection to earth. Additionally, "earthing/grounding" are used for the act of creating a return
path to the power source.

3.21

type test

EMC test for a sample item of equipment to ascertain that-its-design it meets the requirements
according to this International Standard

3.22
port
particular defined interface of an equipment with the external electromagnetic environment

throughwhichdisturbances may besosceptegTeceivedoremitted—————————————————

Note 1 [to entry: Conductive interfaces may also consist of cables,—grounding-bonds; bond straps{ermeghanical
interfaces such as metallic pipes and mounting provisions.

Note 2 jo entry: No testing needs to be performed on the ground port.

Note 3 fo entry: See Figure 1.

Enclosure port

AC power port I/@ signal and
control port

EQUIPMENT
DC power port
Ground port

IEC

Figure 1 — Examples for ports

3.23
zones
areas [characterized by sensitive and/or disturbing devices located therein

SEE: Figure 2.

3.24

deck and bridge zone

area in close proximity to receiving and/or transmitting antennas and the wheelhouse as well as
the control rooms, characterized by equipment for intercommunication, signal processing, radio
communication and navigation, auxiliary equipment and large openings in the metallic structure

SEE: Figure 2.

3.25
general power distribution zone
area characterized by normal consumers
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SEE: Figure 2.

3.26
special power distribution zone
area characterized by propulsion systems, bow thrusters, etc.

SEE: Figure 2.

Note 1 to entry: The generated emissions exceed the limits given in Table 3.

3.27
accommodation zone
area gharacterized by equipment that is non-essential for the ship’s purpose

SEE: Figure 2.

EXAMPLE Crew quarters; offices; mess; lounges; passenger cabins.

Note 1 fo entry: Precautions should be taken for a sufficient decoupling of the accommedation zone from 4ll other
zones.

3.28
normal consumers
equipment for ship’s operation

EXAMPLE Machinery, control equipment,-smah static convertors.

3.29
cable(selection
cobkleg e ohby g ~ 2 2 3
allocation of cables to categories depending an.signal type and level

3.30
cablej}separation

routing of cables of different categories—routed with intermediate free space in order to feduce
interfdrence-crosstatk

3.31
in-sity testing
testing at the mountirig,place

Note 1 |to entry: _[fsitu testing cannot be performed with standardized procedures under controlled corditions.
That m¢ans only {est facilities can be standardized, not the test and environmental conditions.

Note 2 o enfry)  In-situ testing can be performed, for example, in case of large and or heavy installations.

3.32
metallic hull
watertight main part or body of a ship made of metal or other equivalent conductive material

Note 1 to entry: It can be assumed that a metallic hull significantly reduces electromagnetic field strengths.

Note 2 to entry: Aside from that, measures are taken to reduce disturbance currents from entering or leaving the
inner deck environment.

4 General

Ships’ equipment and systems can be-subjected exposed to various kinds of electromagnetic
disturbances conducted by power or control lines or directly radiated from the environment.
The types and levels of disturbances depend on the particular conditions in which the system,
the subsystems or the equipment are installed and-have-to-operate to be operated.
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The individual equipment of a ship can also be a source of electromagnetic disturbances over a
wide frequency range, conducted through power and signal lines, or directly radiated, affecting
the performance of other equipment or influencing the external electromagnetic environment.

The acceptance criteria for the tests for immunity requirements are related to performance
criteria which are defined in terms of operational requirements.

For the emission limits, the objective of these requirements is to ensure that the disturbances
generated by the equipment and systems do not exceed a level which could prevent other
equipment and systems from operating as intended.

NOTE-§ The emission mits of this Iniernational Standard may not, however, provide adéquate
protegtion against interference to radio receivers when other ship equipment is uséd [closer
than 3 m to the receiving antenna, see Annex A.

NOTE-} In special cases, for instance when highly susceptible equipment is_being used |closer
than 3 m to a transmitting antenna, additional mitigation measures may have to be emplagyed to
increase the electromagnetic immunity beyond the limits specified in Clause’7.

NOTE [The minimum immunity requirements in Clause 7 represent a typical electramagnetic environment apd have
been sglected so as to ensure an adequate level of immunity for ships.

5 EMC test plan

5.1 |Objective

Prior fo performing the tests, an EMC test plansshall be established. It shall contain as a
minimpm the elements given in 5.2 to 5.5.

Tests [detailed in this International Standard*are normally conducted as type tests and sIaII be
carried out whenever possible at an EME-test laboratory. For-EMC test procedures, refg¢rence
is made to IEC basic standards.

Howeyer, in cases where type’ tests are impracticable (dimension—ofEUT,; e.g.| large
mechdnical dimensions of equipment, functional control), individual tests may be perfqrmed.
This cpn be done in situ, if. necessary, and in accordance with a tailored test procedure. |In-situ
testing is not as repeatalile as testing on a test site. Therefore, care should be taken| when
using tthe results of jm-situ testing on one site to predict compliance for a product from [series
produgtion.

5.2 |Configuration of equipment under test (EUT)

5.2.1 General

Ships' systems are not uniform assemblies. The type, number and installation of equipment,
whether installed individually or integrated, may vary from system to system. Hence it is not
reasonable to test every possible arrangement; however, it is recommended to carry out type
tests.

For a realistic simulation of the EMC situation (related both to emission and immunity), an
assembly of EUT with its auxiliary equipment, such as cabling, power supplies, etc. shall be
built to represent a realistic installation. This assembly shall be operated as far as possible
under normal conditions (including the software).

5.2.2 Assembly of EUT

If the EUT to be type tested is a system, subsystem or equipment likely to be installed at
distributed locations, one or more typical configurations with all components of the EUT shall
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be chosen to reproduce the real installations. A justification for the chosen configurations shall
be provided in the EMC test plan.

NOTE The type test certificate issued after the test is valid only for the EUT composition listed in the EMC test
plan.

5.2.3 EUT interconnecting cables

A sufficient number of interconnecting cables shall be selected. At least one of each type of
interconnecting cable shall be used during testing in a representative configuration.

Interconnecting cables shall be standardized types, see Table B.1. Where special cables are
required, the manufacturer of the EUT should provide the specification.

5.2.4 Auxiliary equipment

A list of all auxiliary equipment shall be provided. The auxiliary equipment enumerated shall be
sufficignt to simulate all realistic operational conditions and to ensure that all’'feasible types of
operaiion can be performed.

5.2.5 Cabling and grounding

The EUT shall be connected with all necessary cables and cohnected to ground in accofdance
with the manufacturer's specifications and the installation~requirements. There shall be no
additignal grounding connections.

5.3 |Test pre-conditioning
5.3.1 Operational conditions

Typicgl operating modes of the EUT shall be defined by the manufacturer before testing,
considering that only the most typical fufictions of the equipment can be tested, for example
analogue signals at 0 %, 50 % and 100 % magnitude, or digital signals with typical impulse
trains | Particular attention shall be paid to the choice of critical mode.

5.3.2 Environmental conditions

EMC fests shall be—corducted performed under normal environmental conditions. Normal
environmental conditions) ‘'shall consist of any convenient combination of temperature [in the
range [+15 °C to +45 °C and relative humidity in the range 20 % to 75 %.

Whenlit is impra€tical to perform the tests under the environmental conditions defined abjove, a
note tp this.effect stating the actual environmental conditions prevailing during the test$ shall
be appended‘to the test report.

5.3.3 Test software

The test software used for different modes of operation shall be identified.

5.4 Acceptance criteria

Pass/fail criteria for each port and test shall be specified. The acceptance criteria shall be
specified as quantitative values where possible.
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For evaluation, the performance criteria are as follows:
Performance criterion A

The EUT shall continue to operate as intended during and after the test. No degradation of
performance or loss of function is allowed as defined in the relevant equipment standard and in
the technical specification published by the manufacturer.

Performance criterion B

The EQTstrattcomtinuetooperateas intended—after thetest—Nodegradatiomof performrance or
loss of function is allowed as defined in the relevant equipment standard and in the“teghnical
specif|cation published by the manufacturer. During the test, degradation or loss of)function or
performance which is self-recoverable is however allowed; but no change of actual opgrating
state ¢r stored data is allowed.

Performance criterion C

Temporary degradation or loss of function or performance is allowed)during and after the test,
provided the function is self-recoverable, or can be restored by the Joperation of the contiols as
defined in the relevant equipment standard and in the technical.specification published py the
manuffacturer.

5.5 [Scope of EMC testing
Each [est to be applied shall be specified in thet EMC test plan based on the equipment test
matrix| in Table 1. The description of tests, the,test methods, the characteristics of thg tests
and thie test set-ups are given in the basicystandards which are referred to in 6.2 and 7.2.
In addfition, information needed for the practical implementation of the tests is given |n this

International Standard. In some cases.the EMC test plan should specify the applicafion in
detail.

Performance criteria for the individual tests are given in Table 1.
NOTE [Normally, no additional EMC tests are required beyond those stated in this International Standard.
6 Emission requirements

6.1 Conditions-during the emission tests

Measyrements shall be made with the EUT in the operating condition that produces the Highest
emiss|on’level in the frequency band being investigated, see Clause 5.

NOTE 1 The conducted emission limits covered here are given on a port-by-port basis.

NoTE-2 The radiated emission requirements within the range of receiving frequencies presume
in the deck and bridge zone a minimum distance of 3 m between the emitters and the receiving
antennas. For-smaller distances less than 3 m,—ar—extra a special compatibility analysis—is

necessary shall be carried out.

Measurements shall be performed in well-defined and reproducible conditions for each type of
emission.

The description of the tests, the test methods and the test set-ups are given in the basic
standards as stated in Table 2 and Table 3. Measurements shall be performed with a quasi
peak detector.
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The measuring bandwidth stated in CISPR 16-1-1 is 200 Hz in the frequency range 10 kHz to ‘
150 kHz, 9 kHz in the frequency range 150 kHz to 30 MHz and 120 kHz in the frequency range
30 MHz to 2 000 MHz. According to IEC 60945, the measuring bandwidth shall be 9 kHz in the
frequency range 156 MHz to 165 MHz, a peak detector or frequency analyser may be accepted
in accordance with the manufacturer of the EUT and the test laboratory.
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6.2 Emission limits

6.2.1 General

NOTE+ Equipment not permanently installed which is intended to be operated in the-passenger
accommodation zone—is—not—required—to—comply—with—any—emission—limits (non-essential
equipment) shall comply with IEC 61000-6-1 and IEC 61000-6-3 or equivalent standards.

NoTE2 Precautions should be taken for a sufficient decoupling of the accommodation zone
from all other zones.

Figure 2 is an example schematic diagram of zones
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Figure 2 — Schematic diagram of zones (example)
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6.2.2 Emission limits for equipment installed in the deck and bridge zone

Emission limits for equipment installed in the deck and bridge zone are given in Table 2.

Table 2 — Emission limits (deck and bridge zone)

Port Frequency range Limits Basic standard
Enclosure 150 kHz to 300 kHz 80 dBuV/m to 52 dBpV/m ¢ | CISPR 16-1-4 2
(radiated emission) 300 kHz to 30 MHz 52 dBuV/m to 34 dBuV/m ¢ | CISPR 16-2-3 2

30 MHz to 2 GHz 54 dBpV/m ©

except:

156 MHz to 165 MHz 24 dBuV/m °© CISPR 16-2-3.2

30 dBuV/m CISPR 16,2332

Powel, 1/0 10 kHz to 150 kHz 96 dBpV to 50 dBuV CISPR 1631-2
signalland control CISPR 16-2-1
(condyicted emission)

150 kHz to 350 kHz 60 dBuV to 50 dBuV

350 kHz to 30 MHz 50 dBuV

2 Mgasured at a distance of 3 m.
b Mg¢asured with a peak detector or a frequency analyser at a distance of 3,M.

¢ V{dlues in accordance with IACS E10, applicable for intended operation W“hip's environment.

6.2.3 Emission limits for equipment installed in the‘general power distribution zone

Emissjon limits for equipment installed in the gesieral power distribution zone are giyen in
Table 3.

Table 3 — Emission limits (geheral power distribution zone)

Port Frequency rahge Limits Basic standarf
Enclogure 150 kHz to 30\MHz 80 dBuV/m to 50 dBuV/m | CISPR 16-1-4 2 ‘
(radiajed emission)
30 MHz:t6.100 MHz 60 dBuV/m to 54 dBuV/m | CISPR 16-2-3 @ ‘
100,MHz to 2 000 MHz 54 dBuV/m
except:
156 MHz to 165 MHz 24 dBuV/m CISPR 16-2-3 @ |
30 dBuV/m CISPR 16-2-3 P |
Powet, 1/0 10 kHz to 150 kHz 120 dBuV to 69 dBuV CISPR 16-1-2 ‘
signalland eontrol
(Cond icted emission) 150 kHz to 500 kHz 79 dBp,V CISPR 16-2-1 ‘
500 kHz to 30 MHz 73 dBuV

NOTE Between the general power distribution zone and the special power distribution zone, a decoupling device |
should be installed in the power supply circuit (see Figure 2) capable of achieving a decoupling equivalent to the
difference of the limits of the general power distribution zone and the existing emissions of equipment installed
in the special power distribution zone.

NOTE 1 Between the deck and bridge zone and the general power distribution zone an RFI filter-should could |
be installed in the power supply circuit (see Figure 2) capable of achieving a decoupling of about 30 dB in the
frequency range of 10 kHz to 30 MHz.

2@ Measured at a distance of 3 m.
b

Measured with a peak detector or a frequency analyser at a distance of 3 m. ‘
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6.2.4 Emission limits for equipment installed in the special power distribution zone

For the special power distribution zone where semiconductors are connected having a total
system rating representing a significant portion of the total system rating, it may not be feasible
to suppress the low frequency as well as the high frequency harmonics. Appropriate measures
should be taken to attenuate these effects on the distribution system so that safe operation is
assured. Care should be taken in selecting consumers supplied from an electric power supply
system with a higher harmonic content than specified.

NOoTE An agreement should be reached between the manufacturer of the equipment and the
user.

Furthgr requirements are not defined for equipment installed in this zone.

7 Immunity requirements

71 Conditions during the immunity tests

The measurements shall be made with the EUT operating such that-any reaction to th¢ tests
allows| the required performance criteria to be recognized, see Clause)5.

The configuration and modes of operation during immunity testsvshall be precisely noted|in the
test rgport.

Tests [shall be applied to the relevant ports according 40 Fable 4.
The tgsts shall be performed in accordance with the’basic standards.

7.2 [Minimum immunity requirements

The minimum immunity requirements and'tests are given in Table 4.
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Table 4 — Minimum immunity requirements for-ship equipment

Port Phenomenon Basic Performance Test value
standard criteria
AC power Conducted low IEC 61000-4-16 A 10 % AC supply voltage 50 Hz to 900 Hz;
frequency interference 10 % to 1 % 900 Hz to 6 000 Hz;
1 % 6 kHz to 10 kHz
Power supply variation |IEC 61000-4-11 AB voltage: + 20 % for 1,5 s
frequency: = 10 % for 5 s
Power supply failure IEC 61000-4-11 C 60 s interruption
Eloctrical fact tranciaont IIEC £c1000.4.4 B 2 1\ /C
(burst)
Surge voltage IEC 61000-4-5 B 0,5 kv@" and 1 kvb"
Conducted radio IEC 61000-4-6 A 3 Vrms®; (10 kHz)f 150 kHZ\(® 80 MH3
frequency interference sweep rate <1,5 x 1073 decade/s?
modulation 80 % AM (1) kHz)
DC power Conducted low IEC 61000-4-16 A 10 % DC supply voltage 50 Hz to 10 kHz
frequency interference
Power supply variation |IEC 61000-4-11 A B Voltage + 20(% / — 25 % equipment npn-
connected to battery
Power supply failure IEC 61000-4-11 60 s interruption
Electrical fast transient |IEC 61000-4-4 2 kV ¢©
(burst)
Surge voltage IEC 61000-4-5 B 0,5 kVv@ and 1 kV®
Conducted radio IEC 61000-4-6 A 3 Vrms®; (10 kHz)f 150 kHz to 80 MHj3
frequency interference sweep rate <1,5 x 1073 decade/s9
modulation 80 % AM (1 kHz)
1/0O ports, Electrical fast transient | IEC 61000-4+4 B 1 kvd
Signal/| (burst)
control
Conducted radio IEC*64000-4-6 A 3 Vrms®; (10 kHz)f 150 kHz to 80 MH3
frequency interference sweep rate <1,5 x 1073 decade/s
modulation 80 % AM (1kHz)
Enclostire Electrostatic discharge=| IEC 61000-4-2 B 6 kV contact and 8 kV air
(ESD)
Electromagneticifield IEC 61000-4-3 A 10 V/m®
80 MHz to 2 GHz
sweep rate <1,5 x 1073 decade/s
modulation 80 % AM (1 kHz)
NOTE{+ Equipment not permanently installed which is intended to operate in the passenger accommodatign zone
is not requiredto comply with any immunity requirements.
NOTE-R ‘Precautions should be taken for a sufficient decoupling of the passenger accommodation zone from all

other zones.

a

b

Line to line.

Line to ground.

Capacitive coupling.

Coupling clamp.

Special situations to be analysed.

Test procedure to be described in the test report.

For equipment installed in the deck and bridge zone, the test levels shall be increased to 10 V r.m.s. for spot
frequencies in accordance with IEC 60945 at 2 MHz / 3 MHz / 4 MHz / 6,2 MHz / 8,2 MHz / 12,6 MHz /
16,5 MHz / 18,8 MHz / 22 MHz / 25 MHz. For-sereened shielded cables a special test set-up shall be used
enabling the coupling into the cable-sereen shield.

Values in accordance with IACS E10, applicable for intended use in ship's environment.
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7.3 System aspects

If higher levels or tests of other phenomena under special system aspects are necessary (for
example, equipment very close to transmitting antenna) the immunity shall be increased or
mitigation measures in the installation shall be applied.

8 Test results and test report

The test results shall be recorded in a comprehensive test report. The test report shall

accur ; ; ; nd all
relevant information of the tests. The test report shall clearly define the EUT, including the
cable [layout, cable types and the auxiliary equipment used. Any deviation from the " EMC test

plan shall be mentioned, see Annex C.
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INTERNATIONAL MARITIME

ORGANIZATION ‘f ‘Q'
% V) A 19/Res.813
\\_; 4!}// 18 December 1995
e Original: ENGLISH
IMO
ASSEMBLY
19th sesgsion
Agenda item 10
RESOLUTION A.813(19)

adopted on 23 November 1995
GENERAL REQUIREMENTS FOR ELECTROMAGNETIC COMPATIBILITY (EMC)
FOR ALL ELECTRICAL AND ELECTRONIC SHIP'S EQUIPMENT
.THE ASSEMBLY,
RECALLING Article 15(j)} of the Convention on‘\the International Maritime Organizatior

concemning the functions of the Assembly in relation io tepulations and guidelines concerning maritim.
safety,

RECALLING ALSO resolution A.694(17), which requires that all reasonable and practical step:

should be taken fc ensure eleciromagnetic ¢onipatibiiily between the equipment coricermed and othe
radiocommunication and navigational equipment carried on board in accordance with the relev
requirements of chapters IV and V-0f the International Convention for the Safety of Life
Sea (SOLAS), 1974,*

NOTING the growing number of problems experienced with equipment that is susceptible t
glectromagnetic interferenge, which can result in dangerous situations,

NOTING ALS®’that some standards on electromagnetic compatibility have been developed,

RECOGNIZING the need to prepare standards on electromagnetic compatibility for all electricdl
and electrofiic'ship's equipment to ensure the operational reliability and suitability of such equipment,

HAVING CONSIDERED the recommendation made by the Maritime Safety Committee at itf
sixtyfifth session,

INVITES Governments to ensure that all ship's electrical and electronic equipment is tested &
the relevant electromagnetic compatibility standards,

* TEC Publications 533 and 945.
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Annex A
(informative)

General EMC planning procedures

A.1 Introduection Overview

Annex B contains guidelines for achieving EMC for ships and their equipment. The general
procedures for achieving EMC are described.

By usJing this International Standard, an adequate consideration of EMC matters\ jn the
planning, construction and operation stages can be reached. This allows EMC measureq to be
realizgd in timely fashion during the course of the project, whilst respecting thé. necg¢ssary
coordination.

During the lifetime of the ship, it is important that the EMC is not impaired by maintgnance
procedures and that, for modifications and extensions, maintenance.is achieved by the
application of minimum requirements.

A.2 | General procedures

The alm of Annex A is to support the manufacturer responsible for the overall performahce of
the ship in achieving the EMC of the system. Sincé) EMC is a quality related feature, it is
necespary to treat it in the same way as general quality assurance.

Deperjding on the complexity of the system, . EMC management needs to control and monitor
the following activities for achieving EMC:
— EMC analysis;

- p
— checking EMC measures on.egquipment;

gnning and performing EMC measures;

— chgcking implementation and effectiveness of EMC measures in the system;
— enpuring EMC measures remain effective during the system'’s lifetime.

A.3 | EMC management

A.3.1 General

For mpst merchant ships, EMC management is a general management task, normally assigned
to ong responsible person. Appropriate skills are expected to be found in the electrichl and
electronic department of the shipyard.

For more complex ships more extensive skills and knowledge might be necessary. In this case,
an EMC advisory group should be established to support the management in making the
appropriate decisions in EMC matters.

A.3.2 EMC advisory group

The EMC advisory group should be established during the planning phase of the system. The
group is chaired by the person responsible for EMC matters.

In the group, experts from different disciplines work together to define the EMC requirements
of the system, sufficiently and economically justified by the occurrence of potential EMC
problems, technology know-how and assessment of EMC measures.
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Members of the EMC advisory group should include:

representative of the contractor;

— representative of the customer;

— representatives of the suppliers of EMC-related equipment;
— representative of the classification society;

— independent EMC experts.

Not all members of the group are necessarily permanent members. The contractor has the
authority to invite temporary members, depending on the subject treated.

A.3.3 EMC management tasks
The basic sequence of management tasks to achieve EMC is as follows:

— cafry out a rough EMC analysis;

— esfablish EMC requirements for the equipment;
— define required operational conditions;

— define installation recommendations;

— define quality assurance measures;

— di

— pefform additional EMC measures.

dcuss results of preceding steps;

A3.4 Rough analysis
The inftial analysis of the EMC situation shall answer the following questions.

a) Which equipment could be influenced by transmitting antennas?

The primary influence mode is radiation. Consequently all above-deck equipment may be
influenced. Below-deck equipment-may profit from the shielding properties of the metal hull.
Hgwever, electronic equipmentiinstalled in the deck and bridge zone should be considered.

b) Which equipment could interfere with receiving antennas?

Influence also comes‘from radiation. Only strong radiating equipment in the degk and
bridge zone should/be considered. It is difficult to prevent system interference due[to the
number of transmifting and receiving antenna systems on the top deck. System|s that
radliate/receive in-band and near-band with other systems require spectrum plannirlg and
precise antefiha location and design. A compatibility matrix should be made to prevent inter
system EMI from intentional emitters to all receivers. During the design phase the Idcating
anf relo€ating of the different antennas and sensors on the top deck will use the resjults of

c) Which electronic equipment could be disturbed by radiating electric power lines and
equipment?
Radiation coming from electric power lines and equipment normally decays with distance.
Therefore, only equipment in close proximity to the radiating electric power lines and
equipment need be considered.

d) Which electronic equipment could suffer interference from inadequate network quality?

Standard ship's—network—guality—is power supply system characteristics are defined in
IEC 60092-101. Disturbance may occur when susceptible electronics and emitting power
electronics are connected to the same busbar.



https://iecnorm.com/api/?name=0fb1d2de8beee077f898372ed9c5de1a

-30 - IEC 60533:2015 RLV © IEC 2015

A.3.5 EMC requirements for equipment

The primary requirement of equipment before installation on board the ship is compliance with
the applicable EMC standards. This should be certified in the manufacturer's specifications.
Every case of non-compliance shall result in additional analysis work, and, in many cases,

necessitate-desigh-constraints consideration during designing or additional EMC measures.

A practical requirement is reliable and interference-free operation in the environment where the
equipment is installed. For this, suppliers of equipment need to be informed about the EMC-
features of the environment.

A.3.6 —EMG-interface-agreements

When|simultaneous operation of equipment combinations is subject to the risk of /mutual EM-
interfdrence, the contractor should require the suppliers of the equipment to ¢ome [to an
agreement about measures necessary for undisturbed operation. Such an agreement $hould
descripe measures, responsibilities and quality assurance procedures.

A.3.7 Installation recommendations

Installation recommendations with special consideration of EMC are ‘eontained in Annex B.

Special installation requirements may result from the rough ahalysis, for example when spacing
betwegn devices is mandatory.

A.3.8 Assessment of conformity with EMC regulations
A.3.8.1 General

Assesgment of conformity with the EMC regulations is a subtask of general quality assufance.
Appropriate measures may be assigned to;one of the following levels:
— equipment level;

— production supervision level;

— system level.

Similay to the general (quality assurance, EMC assurance shall be performed in agreed
coopefation between (the appropriate bodies? and the quality assurance staff ¢f the
manuflacturer.

A.3.8. Equipment level of conformity with EMC regulations

For efpuipmeéent conformity, presentation of appropriate certificates is satisfactory. Iff such
certifigates cannot be presented for individual systems, agreed tests should be carried|out in
coopekati i j j

A.3.8.3 Production supervision for EMC

During the ship’s construction the applicable measures of Annex B should be observed.
Special attention should be given to the performance of “decoupling by design”, i.e. spacing
between radiating and susceptible equipment—must should not be reduced, unintended
disturbance connection to susceptible equipment via the same busbar-must should be avoided,
etc.

1 Government authorities, notified bodies, classification societies, etc.
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A.3.8.4 System level of conformity with EMC regulations

The standard procedure to prove EMC of the system is the "switch-on/switch-off test". During
this test combinations of electrical and electronic devices are operated and observed to detect
effects possibly caused by electromagnetic influence. If such effects occur, the source should
be identified by sequentially switching off and on those devices that are likely to produce
interference.

The evaluation of electromagnetic influence effects should conform to the performance criteria

defined in this International Standard, unless otherwise specified.

A.3.9 —Additienal-measures

If, dug to the complexity of the ship, additional measures beyond the basic tasks desecriped in
A.3.3 gre required by the appropriate bodies, an analysis as described in Clause,A4 should be
carried out.

If this |analysis reveals the need for additional EMC measures, planning_and realization $hould
be pefformed as described in Clause A.5.

The vgrification of the efficiency of the above-mentioned EMCG measures is carried put by
testing and inspection as described in Clause A.6.

A4 | Full EMC analysis

A.41 General

EMC gnalysis can be used to specify limits fot’ equipment and units within systems. A flow
chart [for the analysis of equipment is given'in Figure A.1. A similar procedure applies to
subsystems.

A fulllEMC analysis can be performed and in the case of complex systems this is| often
necespary. In some cases it is sufficient to perform only parts of an analysis: for example,
preparing frequency or level surveys or specifying compatibility levels.

A.4.2 Electromagnetictinterference matrix (EMI matrix)

In the|case of a full EMC analysis, an EMI matrix is drawn up. EMI relevant data on the[ship's
equipment is collected and recorded on EMI sheets. This equipment, potential emitters 3s well
as sugceptible devices-of disturbance are entered into the matrix. At each of the crosspoints an
analygis is pefformed to ascertain whether the pieces of equipment interfere with one another.
The r¢sult-isinoted by means of symbols at the crosspoints and then the matrix is anglysed.
Concllsions can be drawn from the analysis concerning the EMI levels of the equipmept and

EMC

easures to be taken for the system.

Figure A.2 shows an example of an electromagnetic interference matrix (EMI matrix). Emitters
of disturbance are recorded in the columns, and susceptible devices—of-disturbance are
recorded in the rows. Equipment will normally appear in both the columns and the rows. Each
piece of equipment is—assigned designated by a matrix number. In addition, data from the |
electromagnetic environment is recorded in the matrix.

A.43

Collection of data

To conduct an EMC analysis, various data have to be obtained. These include:

a) emission and immunity levels;

b) dimensions of equipment;

c) distances between the units;


https://iecnorm.com/api/?name=0fb1d2de8beee077f898372ed9c5de1a

-32 - IEC 60533:2015 RLV © IEC 2015

d) data concerning cables, both power and signal cables;

e) electric and electronic data of the equipment, such as:

1)
2)
3)
4)

Also n

power;

frequencies / frequency ranges;

the sensitivity level of receivers;

the transmitting power of transmitters, etc.

ecessary are:

f) data concerning the details of the installation;

g) ley

Prefer
neces
be em

The w

applie
items.

A que

A4.4
A.4.4,

For eq
docun

els in the electromagnetic environment.

ployed until more accurate ones become available.

5 to the equipment configuration, the cable laying and the_ distances between
The EMC measures already planned for the system need to.bé&known.

Etionnaire may be helpful to obtain this data from the equipment suppliers.

Data processing
( EMI sheet

ch equipment the data are collected in_ a’/data base or on a separate "EMI sheet
ent is given a number, which is recorded in the EMI matrix for the fast retrieval o

The sheet can be replaced if there are any-thanges of the data on the document.

A.4.4,

On th

P Frequency surveys

ably data from test reports have to be used. If these are not availableit may be
sary to estimate levels on the basis of the operation of equipment. These,lévels cah then

Ay in which the equipment is installed and cables are connected needs to be known. This

these

. This
data.

e basis of the data collected, a frequency survey is produced for the opgrating

frequgncies and their harmonic)components. This applies especially to all frequency ranjges in

which

equipment has frequéncies either above the emission limit or below the immunit

An example is given in Eigure A.3.

It is p
radiat

The

equipment of the system. The frequency survey can be used to find out whether trans

d interference.

limit.

ractical to carry out two types of survey, one for conducted interference and one for

urvey \is especially important for the several transmitting and receiving pieg¢es of

||nitting

and r r‘piving equipment are npprating in the same frpq1|pnry hands

A.4.4.3 Level surveys

Level surveys indicate the emission and immunity levels in the frequency ranges. Figure A.4
gives an example of this. Surveys often only record levels that deviate from standard limits: for
example, the emission level of a transmitter or the immunity level of a receiver. By including
the limits contained in the relevant EMC-specification, it is also possible to see how far these

levels

either exceed the emission limits or fall below the immunity limits.

For conducted interference, the level survey will show whether the pieces of equipment will
interfere with each other. In the case of conducted interference, not much damping usually
occurs in wires or cables.
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For interference resulting from crosstalk, the coupling impedance-must needs to be known, and
no conclusions can be drawn before a calculation has been performed.

A similar situation applies in the case of level surveys for interference. Before any conclusions
can be drawn, distances and shielding objects (such as other equipment, metal components,
etc.) need to be taken into account by calculating levels at the location of the equipment
susceptible to disturbance.
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Figure A.1 — EMC analysis, flow chart
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Figure A.4 — EMC analysis, level survey

A.4.5 Completing the matrix

A rough estimation of the possibility of interference between the emitters and the susceptible
device-of disturbanece is made.

At those locations where no disturbance is possible, the symbol "-" is marked at the crosspoint
in the matrix; at locations where it is possible, the symbol "+" is marked. For these cases
calculations are performed (see below). If the analysis shows no interference to be present,


https://iecnorm.com/api/?name=0fb1d2de8beee077f898372ed9c5de1a

IEC 60533:2015 RLV © IEC 2015 - 37 -

this is indicated in the matrix by means of the symbol "®"; if interference is shown to be
present, this is indicated by means of the symbol "#". If necessary, the value-a y in dB can also
be recorded. For explanation of symbols see Table A.1.

Table A.1 — EMC-matrix, explanation of symbols

Symbol Meaning

- No interference possible

Interference possible or present

+

® Interference possible, but shown by analysis not to be present
# Interference present or probable, according to analysis
# Interference present, and value according to analysis

4 y(dB)

A.4.6 Calculations

For eyery cross point in the matrix where a "+" occurs, a calculation\is performed to esfablish
whether the equipment causing disturbance can influence the ‘equipment susceptiple to
disturbhance.

For thjs purpose, emission levels at the location of the equipment susceptible to distubance
are cglculated for all possible transmission routes and“eompared with the immunity leyels of
the equipment.

The calculations-must should take into account the bandwidths to which the levels app|ly and
the prescribed margins between the levels. Since much data is estimated at this stage, the
resultg of the calculations are not very accurate; accuracy less than the chosen mafgin is
usually sufficient. In practice, even this¢is' not always achievable, especially in the case of
radiateéd interference.

A.4.7 Conclusions to be drawn from the matrix

Once |the EMI matrix has beeh completed, it will show which equipment is likely to [cause
interfgrence. On this basis,” measures can be defined. These may involve improving the
equipment or introducingy\EMC measures into the system.

A.5 | AdditionalEMC measures

A.5.1 General

If los9_of“function is to be expected as a result of EMC analysis, measures for limitihg the
electromagnetic emission or increased immunity need to be planned and executed. In principle,
measures on equipment can be taken, for example by additional interference suppression
elements and/or, within the system, by separation or shielding of cables. Annex B contains a
catalogue of measures which have proven practicable for all cases.

A.5.2 Limitation of electromagnetic emission

The majority of electrical and electronic equipment emits unwanted high-frequency
electromagnetic oscillations (disturbing quantities). On the one hand, they may reach the
antenna inputs of the radio receiving equipment and cause radio interference; and, on the other
hand, they may reach the signal inputs of sensitive electronic equipment and cause
degradation of performance.
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Limitation of emissions with respect to other equipment is necessary for ensuring EMC. Its
extent needs to be agreed between the customer and contractor, if not already regulated by
international official rules or national legal requirements for maritime radio communication and
navigation equipment and systems.

A.5.3 Limitation of electromagnetic influences

In a ship, it is essential to consider disturbance of electronic equipment, caused by phenomena
in the electrical system itself as well as by field intensities of transmitting subsystems. Typical
examples are:

— voltage drops at start-up of electric motors;

— voltage drops at switch-on of other electrical loads, for example control equipment, \hieating
and lighting installations, voltage rises at switch-off of electrical loads;

— low- and high-frequency AC contents, caused by emissions of disturbance ¢f the ingtalled
equipment;

— high-frequency oscillations in the on-board electrical system which is_prone to resgnance
produced by switching activities;

— pu|se-shaped disturbing voltages caused by power electronics;

— elgctrostatic discharges produced by operating personnel charged by touching the hull
anfd/or all metallic parts, including the housing of the equipmeént;

— radiated disturbances caused by the radio transmitting plant and other equipment |of the
ship.

The tylpe and level of such disturbing phenomena can be’ determined by measuring techpiques

on-board ships. In the planning stage these datasecan be replaced by known emissign and
immunity levels of equipment and data from previous case studies.

A.6 | EMC testing

A.6.1 Equipment testing
All eqpipment trimmed by additional EMC measures to meet EMC requirements needs| to be

measyred under simulated (operational conditions prior to integration, as defined in this
International Standard.

A.6.2 System testing
A.6.2.1 Visualhinspection

The realization~of the EMC measures during the building phase of ships should be-cenftrelled
by tesjed. in accordance with the following procedure:

H H FH £ 4l 4 lal FH
- VeMCatonor e STYardltc Lavic TUuUllITy,

— verification of the cable-sereen shield ground connection for compliance with the maximum
allowable length of-the-bending bond straps;

— verification of the EMC ground connections to achieve the required small inductance
values;

— verification of the observance of equipment and installation-specific EMC specifications, in
accordance with the manufacturer's documentation as it relates to the project;

— inspection of the corrosion protection of the EMC ground connections.
A.6.2.2 System acceptance test

A procedure to check the performance of EMC measures is made by the EMC engineer, who
proposed and installed the EMC improvements before the start of the checks.
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Working to a program, the installation-specific features of EMC and the EMC parameters
described by the manufacturer need to be considered. The inspections are performed during
critical operating conditions, and susceptible equipment and installations are checked for
possible influences. It is advisable to perform the checks with the help of an EMI matrix,
see A4.

A.6.2.3 Periodical tests during lifetime

To avoid compatibility degradation, documentation and installation descriptions should include
details of equipment maintenance and cabling to be considered at repair, maintenance and
regular checks. It is expedient to plan timely intervals for these measures of maintenance in
the documentation, which should coincide with the time framework provided for the inspection
by the|classification society.

Staff ghould also be encouraged to record any interference observed in service. This $hould
then be investigated and corrected during maintenance services and the problems fed bpack to
the deflsigners of the ship for future reference.
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Annex B
(informative)

Measures-to-achieve-EMC Mitigation guidelines

Applicability

Annex B contains guidelines and recommendations for organizational and technical measures
to achieve electromagnetic compatibility (EMC) in ships and in ships' equipment. These
preventive measures concern electric and electronic equipment and, in special cases, non-

electri

These|
howeV
the de|

Use ¢
achie\

B.2

B.2.1

Effect
and of
jeopar

C equipment.

guidelines and recommendations have proven successful in practical “appli
er, under certain circumstances, additional measures may become necessary to a
sired level of EMC.

ed for items of equipment-will-be is maintained in an installation.

General technical measures

General

ve measures to achieve EMC should be taken so that neither safety of the ship’
the—vessel ship nor the reliable operation¢ofielectric installations-shal is in any v
dized.

IEC 6(092-101 and IEC 60092-201 should:be observed.

EMC 1
— de

heasures should equally extend_ to:

coupling the interference-path between source and affected equipment/system;

— redluction of the level of emission at its source;

— ind

The fd

- S€

reasing the immundity to the disturbance at the affected equipment/system.

Ilowing measures can be applied individually or in combination:

rfeening shielding;

— grounding;

— Ssu

cation;
Chieve

f these guidelines and recommendations will help ensure that.the EMC performance

5 crew
ay be

table cable routing, cable separation and cable selection;

— selection of suitable equipment mounting place;

— filtering;

— use of special components (for example overvoltage protectors);

— use of special devices (for example to separate different potentials);

— organizational measures (for example alternating operation of devices).

Details can be found in B.2.3, B.2.4, B.2.5 and B.2.6. Other measures are related to equipment
and installations and details can be found in Clause B.3. Organizational measures are
described in Clause B.4. Special recommendations or comments concerning equipment, items

or indi

vidual installations are detailed in B.2.2, groups A to F.

The combination of all equipment, items and installations interconnected for the intended
performance of a given function is called an "integrated system". If certain technical measures
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for the integration process need to be taken, or if these measures have proven recommendable
in practical applications, or, again, exceed those detailed in B.2.2, groups A to F, such
measures have been listed in group G.

B.2.2

Group A:

Equipment and installation groups

Radio communication and navigation equipment
Typical properties: operation with radiated signals

Examples: transmitters and receivers for maritime radio communication and

navigation services and on-board communication systems

Groug B:

Group C:

Group D:

Group E:

Group F:

Group G:

B.2.3

Screening Shielding

Power generation and conversion equipment
Typical properties: broadband interference

Examples: rectifiers, inverters, convertors (power electronics), rotatifhg conv
generators, deck machinery, domestic equipment, fluorescent lamps, disc
lamps

Equipment operating with pulsed power

Typical properties: periodical transient interferences with-high energy
Examples: radar and sonar systems, echosounders

Switchgear and-centrel controlgear systems

Typical properties: transient interferences

brtors,
harge

Examples: switchboards, relay-operated centrol devices, motor starters, dlectric

heating systems
Intercommunication and signal processing equipment and control systems
Typical properties: operation with:analogue and digital signals

Examples: automation system,‘¢omputers, sensors, public-address, signallin]
alarm systems

Non-electrical items and.egquipment

Typical properties: generation of parasitic broadband interference
Example: rigging

Integrated systems

Typical properties: interference resulting from the simultaneous operat
equipment-and installations from groups A to F

Exafnple: navigational equipment with sensors in the upper deck area as W
keel)area, integrated propulsion system, cargo monitoring system with senso
equipment in different zones.

g and

on of

ell as
s and

Equipment and devices need to be effectively-sereened—i-e- shielded by:

— installation in metallic enclosures;

— use of-sereened shielded cables, including suitable cable glands, preferably at the cable
entry point of metallic enclosures;

— utilization of metal bulkheads and decks for-sereening shielding, and grounding of cable
sereens shields at penetration points where possible.

B.2.4

Grounding

All metallic enclosures and metallic equipment items need to be effectively grounded. The
requirements of the equipment manufacturer should be observed.
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The aim of all grounding procedures is to unite the reference potentials of distributed located
equipment items.

In principle there are two different ways to minimize any difference in potential of different
reference conductors:

1) grounding of reference conductors in a star pattern;
2) grounding of reference conductors on a ground plane pattern.

In the star-grounding pattern, all reference conductors are connected to one single point, i.e.
the ground pornt Only th|s srngle ground point should have a conductor to the ship's structure

structdire at the closest p035|ble pornt and at as many pornts as is feasrble The result is a
groundgl reference plane with the smallest possible ground loops and smallest pqssible
inductpnce.

The fdllowing criteria should be used to select the proper grounding method.:

a) Thie star pattern should be used for-DC-and-ACup-te-10-kHz lighting and equipment that is
cohnected to a socket-outlet, if the manufacturer of the equipmenf permits this.

b) The ground plane pattern should be used for-frequencies—abeove100-kHz the remaining

equipment.
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All grqund connections should have the following properties:

— vilbration-resistance of connectors and conductors;
— cofrosion resistance;

— acgess for routine inspection.

For tHe ground plane pattern, the sfGllowing additional properties of the ground conndgctions
apply:

— low RF impedance;
— smallest possible length.(small inductance).

Contaft areas-must (shall be metallically clean, free from paint or oxides or other instilating
layers|coatings. It.is.recommended that corrosion protection spray or paste is applied a}f each
contagt point béfare final assembly. Solid metal strips of minimum length should bg used
insteaf of flexible braided bands. Ground loops should be kept to a minimum.

In orderdo,avoid interference by undefined-boendings contact all non-electrical metallic itgms on

the weéather deck with a dimension nvr\nnrlmg 1m ('Fnr ovqmpln rlge) should be eclec r|Ca||y

connected to the ship's structure-by-means-of good-electrical-connection. In exceptional cases

an object may be electrically insulated.

Wherever possible, metallic enclosures of electrical equipment should be directly screwed or
welded to the ship's structure.

Separate ground conductors should be used in cases where a ground connection cannot be
effected by a metallically clean screwed connection.

The contact between the ground conductor and the equipment or the ship's structure may be
either screwed or welded.
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Ground conductors for connection of metal items on the free deck to the ship's structure should
be produced from corrosion-resistant steel (solid or flexible). Ground conductors inside the
ship will generally be made from copper.

Metallic doors, protective covers, etc. should be connected to the respective enclosures by
means of short, separate and possibly flexible conductors.

Pieces of cable trays and protective cable piping should have electrical connections to each
other and to the ship's structure at as many points as possible.

Metallic cable jackets and cable-sereens shields should generally be grounded to the metallic
enclodure of the equipment or to the Ship's structure at as many poinis as Is feasible, pnd at
least gn both ends of the cable (exception see B.3.6.4).

For ships with non-metallic structures, all conductively interconnected metal jparts (indluding
earth/ground plate if existing) will form an artificial earth/ground.

B.2.5 Cable routing

The ipstallation requirements of the equipment manufacturer, incliding cable selectign and
cable fouting, should be studied by the EMC manager and adhered to unless they compijomise
the sHip’s EMC plan. Cable separation into categories according to different signal types as
stated| in Table B.1, and cable installation with intermediate~free spaces should be usefl as a
major jpreventive measure.

Basically all cables outside the ship's structure should be metal sheathed, metal braiged or
otherwise adequately-sereened shielded.

Indepgndently of the system they belong to, cables in category 1 up to and including category 4
may be bundled per category.

Singlel cables or bundles of cables(of different categories which run parallel for dis{fances
exceefling 1 m should be installedwith an intermediate free space of 10 cm minimum bdtween
the different categories of cables-with the exception of categories 2 and 4 where the digtance
should be at least 20 cm with'amaximum routing height above reference ground of 5 cm,

The spme-reguirement tfecommendation should be observed for cables of the same cafegory
but with differing signalylevels.

A tesf method-i0~determine minimum routing distances in order to avoid crosstalk ¢f fast
transig¢nts (bursis) can be found in IEC TR 62482. The test results may be applied to| cable
installations according to IEC 60092-352.

Cablesbefonginmgto category 1, 4—and 5 shoutd be affixedto a metatsurface (deck; bulkhead
or cable duct). The metal cable ducts should-net-be-insulated-from-bulkheads be grounded to
bulkheads or decks at least at both ends.

Special measures may be necessary between cables of category 3 and 4 (for example
protective cable piping). The same applies to those cases where the minimum cable separation
cannot be implemented.
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Table B.1 — Signal types and cable categories

TV receiver signals

Video signals

Cables for Level Emission/ Cable Cable typed Applicable
immunity category standard
rating
Radio receiver signals® 0,1 mV to Extremely 3 Coaxial IEC 60096-1
500 mV sensitive

Analogue and digital 0,1Vto 115V |Sensitive 2 Twisted; L= connn oo
signals single-sereened l=ocooon oot
) shielded; IEC 60092-376
Telephone signals screerec-shietded
Loudspgeaker signals twisted pairs
Contro| signals
Alarm pignals
Power |supply? 10Vto 1000V |Potentially 1 Below deck: non IEC 6009p-350
L disturbing sereened shiglded; |[IEC 6009pR-353
Lighting above decKtwisted,
sereened $hielded
High-ppwer transmission [10Vto 1000V |Extremely 4 Coaxial;’sereened Special cpble
signalg disturbing shielded power
Pulsed| high-power -€ - € -€ TWisted,-sereened IEC 6009p-350
signalg® © shielded IEC 6009p-353
High ppwered
semicdnductor convertor
Special applications -€ Special 5 -€ -9
To be specifiel
Fibre dptics - —€ _e _e _ 9
2 Equlipment and auxiliary equipment for radio comtunication and radio navigation should be fitted with-scfeened
shiglded power supply cables if the manufacturer requires so. The shielding should be provided up|to the
resfective zone border. Penetrations should ke circumferentially grounded.
b Redeiving antenna cables should be nStalled with double—screen shield cables or coaxial cables|inside
profective piping.
¢ Cablles for radar, sonar equipment{and echosounders should be double-screen shielded cables or foaxial
cables inside protective piping.
4 Thel fillingfactor” coverage for cable-screens shields as required by the relevant IEC Standards shquld be
adhpred to and the transfer.impedance at 10 MHz as determined by IEC 60096-1 should not exceed 30 mQ/m.
€ Under consideration.
Cableiscreens shields should be connected in connection boxes or cable drawing boxes.[Cable
sereefps shiglds should not be used as the return conductor for operating circuits excqpt the

outer

conductor of coaxial cable.

Where it is impossible to meet the separation requirements, cables with high shielding
effectiveness should be used, or cable bundles should be—laid routed in metal pipes or

condu

its.

The pipes or conduits should have a minimum thickness of 1 mm if not otherwise specified. If a
cable runs through a metal pipe or conduit, further separation with regard to the other
categories is not necessary.

It is recommended to install the cables close to the metallic ship structure or on metallic cable

trays.

It is recommended to ground cable-sereens shields circumferentially at those points where
cables penetrate the boundary between the free deck and the ship's interior. These grounding
areas-must should be protected against corrosion.
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B.2.6

Filtering and overvoltage protection

B.2.6.1 General

The application of filters, components for overvoltage protection and the combination of both
enables the manufacturer to reduce the coupling of conducted interference without
simultaneous distortion of wanted signals and power. The scope of application ranges from
power and control cables to cables for analogue and digital signals as well as to antennas
(selection enhancement of transmitters and receivers).

B.2.6.2 Filtering

B.2.6.

Filters]
shoulg
is con
be prg
when
decisi
the co|
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Power
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Selecfion criteria:

— ing
— att
- nu

— im

R.1 General

may be applied to the emitter of disturbance as well as to any susceptible déevice.
be applied to the emitter, especially when there is only one emitter or its‘emissio
siderably higher than those of other emitters. Application to the susceptible devic
ferred when its susceptibility is very high compared with other susceptible devi
he number of susceptible devices is less than the number of emitters'to be filtere
bn to apply filters-must-be is based on a trade-off between efficiency and expendi
hfiguration.

ing the design stage, filters seem voluminous and expefsive, for example due
bment for high insertion loss or for high currents, jnvestigations should be m
hine whether a less costly EMC measure is preferable,for example shielding of ca
fo reduce the influence of conducted interferencedand the expenditure of filters.

.2 Power supply filter
.2.1 General

supply filters are low-pass filter types. They are terminated at one end by the impe
equipment and at the other end by*the impedance of the power supply system. As
ances normally differ from 50.QJor are unknown and on the other hand the insertid
bments are dependent on ‘the load, a certain margin for the insertion loss sho
ered.

ertion loss;
enuation band;
mber of(channels to be filtered;

bedance;

Filters
h level
b is to
Ces or
. The
ure of |

to the
de to
les or

dance
these
n loss
ild be

— Cu

rents, voltages, permissible power factor;

— common mode/differential mode characteristic;

— leakage current;

— electric strength.

To maintain the filter characteristics under all operating conditions, B.2.6.2.2.2 to B.2.6.2.2.6
should be considered at the design stage.

B.2.6.2.2.2 Electric strength

In addition to the supply voltage, spikes and test voltages are to be considered, in order to
prevent damage to components. The rating of electric strength should be in accordance with
IEC 60092-101.


https://iecnorm.com/api/?name=0fb1d2de8beee077f898372ed9c5de1a

—46 - IEC 60533:2015 RLV © IEC 2015

‘ B.2.6.2.2.3 Current carrying capacity and thermal resistance

Supply currents and in particular peak currents may cause a reduction of the inductance of
coils due to core saturation. Furthermore the permissible current depends on the—environ-
mental ambient temperature: the higher the temperature the lower the permissible current (as

specif

B.2.6.

ied in the data sheets).

2.2.4 Operational frequencies

The operational frequencies specified in the data sheets (DC, AC 50 Hz / 60 Hz /400 Hz)
should be considered.

B.2.6.

The s

2.2.5 Environmental conditions

blected components should be in accordance with the environmental requirements

for thg installation.

B.2.6.

The u

.2.6 Leakage currents

e of power supply filters with capacitors to ground causes leakage currents to gro

the o\erall capacity to ground becomes too large the operation of\the ground fault de
system in IT type networks will be impaired.

B.2.6.

The s
and th

2.3 Signal filter

le signal transmission characteristics should bge _considered.

Espedjally in systems with long cables, filters‘may be necessary due to the risk of in
interfgrences. The inserted filters—must ™ay not influence the wanted signals
unpermissible manner. There are filters available for standard interfaces such as RS 232

mA.

Selecflion criteria:

— indertion loss;

— tyge of signal (analogue, digital) to be protected;

— matching to the characteristic impedance of the cable, the signal source or the

re

eiver;

— crosstalk of multi-channel filters;

- pe
- pe
- el

- pe
- en

B.2.6.

B.2.6.

Fmissible-capacity due to the wanted signal;
rmissible ripple in the pass-band;

given

und. If
ection

stem environment defined by the EMC advisory)group during definition of the inteffaces

duced
in an
or 20

signal

ctric strenath _nulse strenath:
~J LA ~J 7

rmissible intermodulation distortion;

vironmental compatibility.
3 Overvoltage protection

3.1 General

Components with voltage-dependent resistances, for example surge arrestors, varistors,
breakdown diodes, should be applied to limit overvoltages. The components should be in
accordance with IEC 60099-1 and/or IEC 60099-4.

NOTE 4+ Care-should-be-taken-that Protection-is should also be ensured in case of overvoltages
with steep flanking pulses.
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NOTE 2 Care-should-be-taken-that The subsequent current-is should be limited after arrestor
response.

B.2.6.3.2 Suppressor diodes, unipolar and bipolar

Suppressor diodes belong to non-linear components such as surge arrestors and varistors. For
selection, two aspects should be considered:

— the necessary suppression of overvoltages;

— the undistorted transmission of wanted signals.

of the
Selecfion criteria:
— miphimum insertion loss for wanted signals (in general <1 dB);
— m4gximum return loss (estimated value: a > 20 dB);
— sufficient peak power dissipation;
— mihimum dissipation of intermodulation (for certain appliances’in the high-frequency range).
B.3 | Special measures for equipment groups A to G
B.3.1 General
Equipfnent and installed systems on ships arée' assigned to groups A to G. Ypecial
recommendations or notes for individual equipment items or individual installations have been
compiled in groups A to F, and, for integrated:.systems, in group G.
B.3.2 Measures for group A
B.3.2.1 General
This group includes all equipment for radio communication and radio navigation, indluding
equipment and installations forithe Global Maritime Distress Safety System (GMDSS), anfd their
auxiligry equipment.
The apxiliary equipment includes auxiliary operator panels, additional communication stations,
transfer lines (two=wire, four-wire), plotters, printers, etc., as well as antennas and antenna
auxiligry equipment, power supplies, etc.
Powelrl supply cables from the main switchboard or emergency switchboard to the| radio
commpnijeation and navigation equipment should be-laid routed separately in one continuous
length as far as practical.
B.3.2.2 Equipment selection and arrangement

Radio transmitters and radio receivers with low impedance antenna interface are preferred.

Radio transmitters and receivers with high impedance antenna interface should be placed such

that th

Suffici

e antenna cable inside the deckhouse will be of minimum length.

ent decoupling of equipment from surrounding items should be observed

when

equipment is installed in desk consoles. The original equipment enclosure should be used, or
an equivalent-sereening shielding measure should be taken.
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Isolating transformers with an internal-sereen shield winding should be used. The-sereen shield
winding should be-greunded earthed.

All reasonable and practical measures should be taken to ensure that only equipment meeting
appropriate EMC standards is installed. Any expected EMC related problems may be resolved,
for example by suitable spacing of the equipment involved or by-sereening shielding.

If the radio equipment is integrated in the navigation bridge, the equipment enclosure has to be
constructed so as to provide adequate-sereening shielding.

B.3.2.3 Cable routing

Secreeped Signal cables and control cables should be-used shielded.

Egquipent-and-connectorcable-entries Cable glands should preferably-give ensure continuous
contagt between cable—sereen shield and equipment enclosure throughout the |[whole
circunjference.

In spegial cases, it is necessary to ground the cable-sereensmustbegreunded shields gt deck
penetiations, particularly in the vicinity of transmitter or receiver antennas.

B.3.2.4 Grounding;,earthing

The gfound connections should be as short as possiblésand with a maximum-greund [cross-
sectiopal area. Preferably, individual ground connectoers/should be used (e.g. for transmitters
and rgceivers).

If disthountable ground connections (screwed(connectors) are used, these-must sholild be

accessible for-future-servieing maintenance.

B.3.2.p Antennas

The antennas should be arranged. forsuitable decoupling from the ship's superstructure.
Suitable decoupling between receiving and transmitting antennas should be ensured.

Receiying antenna cables*which are in close proximity to transmitting antennas should Ze—lﬂaid
routed in continuously)grounded protective cable tubes or antenna cables should be ¢ouble
screefred shielded.with the outer-sereen shield grounded at penetration points.

Low-chpacitanece installation should be observed for high impedance antenna interfaces.

Structpralelements on the weather deck which serve as protective guards around antennas
should be made of non-metallic material.

For radar waveguides see B.3.4.

Yardarms, stays, and top masts within the antenna radiation zone-must should be connected to
ground.

B.3.3 Measures for group B

This group includes all equipment and installations for generation, conversion, periodic
switching and control of electric energy.
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This equipment induces non-linear loads on the AC supply with resulting voltage harmonics
due to the supply network reactance. The harmonic content of the supply voltage and supply
current may influence other consumers connected to the same supply, particularly:

— inductive or capacitive consumers, due to thermal influence by additional power dissipation
(iron losses, dielectric losses by harmonics);
— electronic equipment, due to interference to the signal processing.

In so far as group B equipment includes both emitters and susceptible devices-ef-disturbance,
recommendations for group E equipment should be observed.

lactri | t k h Id b d i d_f | hort.ci it it i
The ectric—supply networ shou =y esighe or—alarge—short-circuit capacity This

requirement, in turn, calls for generators with the smallest possible sub-transient reactange.

In comparison with conventional designs, these requirements may lead to increased |power
capaclties (generator, switchgear, cables).

The

N D
LA =4 ~a o y 1 vV ¥ oo T o 1R t LLY =4 o o t vV 1

to IEC] 80364-3).

The ¢hoice of power supply network should be considered carefully, balancinlg the
requirements for safety, EMC and continuity of supply against edeh other. This might resdlt in a
mix of power supply distribution systems on board, each dedicated for its purpose. IT| TN-S
and 1T type distribution systems are possible. TN-G, type distribution systems afe not
recommended since they will cause hull currents.

Filter [circuits may be installed in parallel with cehvertors, tuned to the fifth and/or séventh
harmagnic.—H-—must-be-noted-that However, power' generators on ships-have show statjc and
dynanjic frequency deviations-ef-a-magnitudeiin-excess which are generally much highdr than
those pf comparable land-based power supplies. This makes the layout of filter circuits difficult.
In cage of cycloconvertor systems it is-difficult to filter out disturbances since the harmonics
have yarying sidebands. Furthermore, network resonances-must should be avoided by ¢areful
planniphg and design.

Carefyl power supply design can‘assure that non-linear loads, for example from convertofs, will
be only a fraction of the total network load. Alternately the supply can be designefl with
separate dedicated converter networks suitably decoupled from the main ship supply netyork.

Isolating transformers-with a metal-sereen shield between primary and secondary winding(s)
may b used to isolate interference from connected electronic equipment.

Compegnsation® capacitors for fluorescent lighting fixtures—must should be equipped with
inductance-chokes if operated from a power supply with a high content of harmonics in order to
avoid |ovefload. If fluorescent lighting fixtures are operated without electronic starterq, they
should be connected in twin-lamp configurations, or with central compensation with an
inductance choke for each group of lamps, or without compensation.

Power convertors which induce low power supply disturbance can be employed at the
additional expense of power electronic circuits.

B.3.4 Measures for group C

Radar and sonar equipment use pulsed electric energy. The energy pulse is generated during
the transmitting phase and can be the cause of interference in other equipment.

During the receiving phase, the radar and sonar equipment may be susceptible to interference
from other equipment.
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Sonar equipment which carries large pulsed currents—must should be installed either with
double-secreened shielded cables, or with cables installed in continuous grounded protective
cable piping.

The same cables are used to carry receiving signals (with very low signal level in the microvolt
region). Therefore these cables-must should not be installed in the vicinity of cables with high
interference levels (for example pulsed DC for degaussing system or power cables for thyristor

contro

lled equipment).

High-power signal cables of radar transceivers should be as short as possible. These cables
should not be installed near radio antenna cables, otherwise the cables should be installed in
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ated metal tubing is common practice).

Measures for group D

roup includes equipment and installations which emit temporary interference beca
t switching, in particular:

uctive consumers, for example relays, contactors, magnetic valves, solenoids, etc.
tor-driven consumers, for example electric drives, positioning motors, etc.;
mbinations of inductances and capacitors which tend to Oseillate or resonate.

be considered as a source of interference.

frequgncy-absorbing elements should be installed close to switching contacts. This gu

should

It is re

For DC

— Ssu
— va

—  req

be observed for both DC and AC consumers.

commended to use the following pulse-limiting components.

C:
bpressor diodes;
ristors;

istor—capacitor{RC) combination;

— free-wheeling diedes.

For AC:

— va

q

N
b -

ristors)

— di

charge paths with voltage-dependent resistors (VDR):

use of

ing of these consumers induces broad-band intérference. Group D equipmenf—must

e surge-limiters should be installed closevto"the corresponding inductance, and high-

deline

— capacitors;

— RC combination (resonance of RC combinations in conjunction with the inductivity of the
circuit-must should be avoided).

B.3.6

Measures for group E

B.3.6.1 General

This group includes intercommunication and signal processing equipment, as well as digital
and analogue transmission systems between sensors, displays, operator panels, and
computers.
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Equipment of this group is often equipped with switching power supplies. These power
supplies, connected positioning motors, relays, electronic relays, etc. can induce considerable
levels of interference. Therefore the measures for Groups B and D should also be considered.

Equipment belonging to this group is usually emitters and susceptible devices; both immunity
and disturbance-must should be considered for this equipment.

B.3.6.2 Design considerations

Data transmission by long cables should be performed at maximum feasible signal levels.
Preamplifiers at the sensor location should be used if necessary. Data transmission by long
cable OW—Sigh evels—n egHre—the—use—of-error—correction—o aRsmHssion "]aIIing

Systems should have the lowest possible impedance, particularly for system inputs, sq as to
reduc¢ capacitive interference coupling (for example due to unfavourable cable.routing] to an
accepiable level.

Ships |often show asymmetrical or common-mode interference levels“ffom 1 V to 2 V with
superimposed spikes of several hundred volts.

Instrunent amplifiers, particularly precision amplifiers for ow-level signals, should| have
sufficignt resistance or protection against this type of interference.

Symmietric signal transmission is resistant to ,basymmetrically induced low-frequency
interfgrence and should be used where possible.

Analogue-to-digital convertors should be of integrator type.

The internal 0 V reference busbar of systems should be connected to ground at one |single
point. |Only this central ground connection should be easily accessible to facilitate inspection
and allow tests for undesired short circuits to ground.

Optocpuplers or transformers-can achieve galvanic separation of system components in[those
cases|where the single point grounding for the reference potential cannot be implemented.

Computer systems can.emit intense-HFE RF disturbances and are themselves susceptiblel to-HFE
RF interference from other equipment, for example radio transmitters. Sufficient-sereening—must
shield|ng should_be\provided in those cases where computer operation would be impeded by
interfgrence.

B.3.6.B Instrumentation amplifiers

The inputtimesof-instrumentatiomamptifiersom—ships—are—subjected—tomagneticand—<lectric
disturbance with frequencies ranging from power supply frequency up to high frequency. This
results in common-mode interference.

For ideally symmetrical amplifier inputs, such common-mode noise does not lead to input
differential and therefore does not have any influence. In practice, however, systems cannot be
totally symmetrical over an extended frequency range. Consequently, an unwanted symmetric
noise will appear in addition to the signal at the amplifier input. This effect-must should be |
reduced to a minimum by appropriate measures, for example by filtering.

B.3.6.4 Cable routing

If system selection or system design cannot effectively reduce susceptibility to disturbance,
then besides cable separation (see B.2.5), cable routing and cable selection-must should be |
performed with particular care.
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The following rules should be followed wherever possible:

In the frequency range up to 100 kHz and at low signal levels, the wires should be twisted
tightly and-screened shielded over the entire length. The-sereens shields should be continuous
and, contrary to B.2.4, connected to ground only at one end. The ground connection should be
on the sensor side if the sensor is grounded; otherwise the ground connection should be on the
amplifier/computer side. The-sereen shield should be isolated from the ship's structure over the

entire

length to avoid galvanically coupled interference.

Alternatively, an amplification or a conversion of low signals should be considered, see B.3.6.2.

B.3.7 Measures for group F

B.3.7.l General

Non-electric equipment items and installations can cause interference if-théy congist of
metalljc/conducting material and the contact points carry eddy currents.

Stray purrents are induced by electromagnetic fields on the weather deck, for example py the
transmitting antennas, and can generally be found in all parts of the-hull and superstruciure of
the-vessel ship.

The lg¢vel of disturbance increases in direct proportion to<the level of the ship's vilpration
transnpitted to the respective items and increases with the change in conductivity at the dontact
points} for example by corrosion.

Criticgl points on the weather deck can be, for example:

— logse turnbuckles of the rigging;

— logse wire ropes in railing stanchions;

— ingufficient lashing of containers;

— logse derricks or other large itenis:

These| points are called parasitic sources of disturbance and can cause broad-band
interfgrence to radio reception:

Eddy turrents in below-deck areas of the vessel are caused by discharges from supprgssion
capacftors, by transient effects in—grounded—networks—and earthed distribution systems, by

using

Sourc

he ship's structure as the common return conductor for different circuits, etc.

bs of thistype of disturbance can be, for example:

- Ppig

e eonnections without earth/ground connection;

— loose metallic wall panels;

— loose or isolated parts of cable trays or other equipment.

These points cause broad-band interference which can be superimposed on low-level analogue
signals by way of the reference potential.

B.3.7.2 Design considerations and installation

The type of equipment chosen for the ship, particularly with respect to sensitive receivers,
sensitive (analogue) instrumentation amplifier systems and control systems, will determine if
and which measures-must should be taken to ensure an acceptable level of EMC.
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B.3.7.3 Grounding

The following measures have been proven in practical applications but do not attempt to be
exhaustive. Each case needs investigation as to where and to what degree these measures
should be employed.

All metallic equipment and non-electric metallic outfitting items where one dimension exceeds
1 m, installed on the weather deck in the vicinity of transmitting antennas (see B.3.2.3),-must
should be connected to the ship's structure with a low resistance or low impedance connection.
For antenna rigging see B.3.2.5.

The r'n shaould Qll‘har ha ﬁ’)l\l’)hlr")”\l connectad I'r\ I'ha ohho ctructiira (aratindin ) or
) SHuetHH-e—(grodhathg

T Tt TeT g ToTrrTrootTeT o trorotoT

completely insulated from the surroundlng superstructure.

Weldgd connections require no additional grounding measures.

Turnaple outfitting items on the weather deck should have short flexible. canductors biidging
the hinge and providing low-impedance ground connection.

Turnbuckles, shackles, and other detachable connections—must shiould be bridged by-geoed ‘
condufptors.

B.3.8 Measures for group G
B.3.8.1 General ‘

The characteristic properties of integrated systemsyare distributed pieces of equipment]| often
from different manufacturers, connected by extended cable networks and operating together on
the shjp.

The irfstallation positions of individual egégipment items are subject to widely differing arbient
and electromagnetic conditions (for example integrated cargo monitoring system with sg¢nsors
and equipment in different zones).

The rigk of interference increases with the number of possible equipment combinations.

The duccessful completion of EMC tests on individual equipment does not necepsarily
guarantee unlimited Opefrability after integration into the overall system and under shig EMC
conditons.

A specgial preblem for large integrated systems may be their size which prevents thenp from
being |tested\for EMC in the laboratory before installation on board the ship. The ind|vidual
equipmentiitems can, and usually are, tested for EMC by means of interface simulation tgsts.

B.3.8.2 Considerations before integration

It is recommended that equipment from critical systems be installed in an EMC laboratory in
order to simulate interface conditions.

The simulation should emulate both the functional characteristics of the signal interface (signal
type, signal level) and the interference parameters to be expected in the on-board installation.
It should be noted that the installation of equipment items in different zones will lead to
interference of a different type and different severity influencing the interfaces at the same
time.

The emulated interference should represent both the conditions of conducted and of radiated
interference. In critical cases,-it must-be-investigated one should investigate whether radiated |
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interference should be replaced by disturbance parameters induced in cables and metallic
enclosures.

In case of system degradation of performance due to interference, special measures, for
example filtering,—sereening shielding or cable routing,—must should be taken and possibly
modified until the system degradation has been eliminated.

The simulated interference conditions and the measures which have been determined to be
effective-must should be documented.

These measures should be applied to the later integration of the equipment on board.

B.3.8.Bp Considerations during commissioning

The irftegration of systems may lead to noticeable interference of individual equipment |items,
despite careful planning and previous equipment tests. In these cases it should, be invesfigated
whethger the interference results from specific properties of the mounting pesition on bogrd the
vesse| and/or from operation in the shipboard environment. For this qurpose, all ind|vidual
equipment pertaining to the integrated system should be switched onlone after the other and
the cofrect function verified (sequential switch-on test).

If the sequential switch-on test does not identify a correlation'between equipment distubance
and ¢n-board operating conditions, it is necessary to~investigate the electromdgnetic
disturlthbance parameters on each equipment interface {of the equipment in questior]. The
comparison between specified and measured disturbancé parameters may then indicdte the
possiljle cause of disturbance, and necessary remedial action can be taken on the bgsis of
these results.

B.4 | Organizational measures

B.4.1 On-board operation

The EMC analysis or on-board operating conditions may yield electromagnetic incompatibility
which|cannot be solved by normal technical measures. In such cases it will be necesgary to
take appropriate measures to’/coordinate the operation of on-board system/equipmept, for
example:

— definition of operational or functional restraints to reduce mutual interference during
simultaneous operation of multiple equipment (for example transmitting and regeiving
anfennas);

— dopumentation of operating procedures and/or operational restraints which may I¢ad to
safety-eritical situations if not observed (safety of the ship and personnel safety);

— warnifg boards restricting personnel access to certain areas on the ship with excgssive
eljdmmrﬁmm—rm—mwnm i Tati i levant

regulations/laws).

B.4.2 Maintenance and repair

Technical measures to achieve EMC may be degraded during the lifetime of the ship by
external, ship-specific influences and other long-term effects, for example:

vibration and shock;

— climatic influences;
— ageing;
— corrosion;

— overvoltage;
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— stray currents.

The operating manuals should include information on necessary measures to achieve and
maintain the desired level of EMC, even if these measures have been amply designed and

carefully executed. EMC measures should—undergo—periodic—inspection be inspected

periodically, namely:

— visual-tests inspection of technical EMC measures to check completeness and factual
condition, for example satisfactory electrically-conducting ground connections;

— repetition of performance tests, for example measuring of interference parameters on
supply lines, comparison with acceptance test results and, if necessary, restoration of the
original EMC parameters.

Changes or additions to the ship’s equipment installation in the course of maintenande and
repair] or changes to operating conditions, may lead to a degradation of the EMC enviropment,
despite observation of EMC regulations. Resulting EMC degradation should be analyse} prior
to executing the aforementioned changes, and organizational measures taken; if necessary.

After pompletion of maintenance and repair work, tests should be pérformed to chegk the
specifled EMC conditions and restore the original conditions if necessaty’

B-5 Reference-documents
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Annex C
(informative)

EMC test report

A test report should be prepared, including at least the following information:

a) name and address of testing laboratory and of location where the test was carried out when

different from the address of the testing laboratory;

b) unique identification of the report (e.g. with a unique identification number) and of each

g) description of sampling procedure, where relevant; (C)OJ

deviations, additions to or exclusions from the test spQ%ication, and any
information relevant to a specific test; Q

i) identification of any non-standard test method or procedureNitilized;

j) measurements, examinations and derived results, s @rted by tables, graphs, sk
and photographs as appropriate, and any failures id@ fied;

k) a statement on measurement uncertainty (Where\rgevant);

I) a gignature and title or a relevant marking of p@&on(s) accepting technical responsib
p test report and date of issue; (%)

O

m) a ¢tatement to the effect that the test re ﬁ‘ﬁs relate only to the items tested;

n) a statement that the report shall n%\ﬁe reproduced except in full with the written ap
of the testing laboratory.
xO

&
c)O®
&
O
X
O

other

ptches

lity for

proval

NS
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS -
ELECTROMAGNETIC COMPATIBILITY (EMC) -
SHIPS WITH A METALLIC HULL

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization-can
national electrotechnical committees (IEC National Committees). The object of IEC is\to i
national co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technicéaly Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to 3

Pubjication(s)”). Their preparation is entrusted to technical committees; any IEC Nationalj€Gommittee inf

in t
gov

he subject dealt with may participate in this preparatory work. Internationalgovernmental arf
ernmental organizations liaising with the IEC also participate in this preparatian.,4EC collaborates

with| the International Organization for Standardization (ISO) in accordance withyConditions determ
agr¢ement between the two organizations.

2) The
con
inte

3) IEC

formal decisions or agreements of IEC on technical matters express, as hearly as possible, an inter
Eensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Publications have the form of recommendations for international’ use and are accepted by IEC |

Conpmittees in that sense. While all reasonable efforts are made{to ensure that the technical content
Pubjications is accurate, IEC cannot be held responsible for _the way in which they are used or

mis

nterpretation by any end user.

4) In qrder to promote international uniformity, IEC National*Committees undertake to apply IEC Publ

tran
bet
the

5) IEC
ass
ser

6) Al
7) No

sparently to the maximum extent possible in theirvnational and regional publications. Any div
een any IEC Publication and the corresponding mdtional or regional publication shall be clearly indi
atter.

itself does not provide any attestation of-conformity. Independent certification bodies provide co
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

iability shall attach to IEC orsits-directors, employees, servants or agents including individual expg

members of its technical committees and IEC National Committees for any personal injury, property dai
othdgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp

bnses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any oth

Pubjications.

8) Attgntion is drawn to‘thé Normative references cited in this publication. Use of the referenced publicg

indi

Epensable for thescorrect application of this publication.

9) Attention is drawn~to the possibility that some of the elements of this IEC Publication may be the su
patgnt rights.\|IEC shall not be held responsible for identifying any or all such patent rights.

Intern
install

htional Standard IEC 60533 has been prepared by IEC technical committee 18: Elg

hprising
romote
Ids. To
Cations,
s “IEC
erested
d non-
closely
ned by

hational
rom all

National
of IEC
for any

cations
Ergence
ated in

formity

for any

rts and
hage or
ps) and
er IEC

tions is

bject of

ctrical

ption's of ships and of mobile and fixed offshore units.

This third edition cancels and replaces the second edition, published in 1999. This edition
constitutes a technical revision.

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

— Int

roduction has been supplemented,;

— scope and title have been modified to limit the application of the standard to installations in

sh

ips with metallic hulls only;

— the normative references have been updated;

— further explanation for in-situ testing has been given in 5.1;

- nu

mbering of CISPR-Standards in Tables 1, 2 and 3 has been updated;
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— title of Annex B has been changed;
— requirements on cable routing in Annex B have been amended,;
— new Annex C EMC test report has been added.

The text of this standard is based on the following documents:

FDIS Report on voting
18/1460/FDIS 18/1471/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«

The committee has decided that the contents of this publication will remain unchanged until the
stabilify date indicated on the IEC web site under "http://webstore.iec.ch"dn the data relgted to
the spgcific publication. At this date, the publication will be
e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e anjended.

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

Electrical installations of ships with electric and/or electronic systems need to operate under a
wide range of environmental conditions.

The control of undesired electromagnetic emission ensures that no other device on board will
be unduly influenced by the equipment under consideration. Suitable limits are specified.

On the other hand, the equipment needs to function without degradation in the normal
electromagnetic environment. The limit values for immunity, specified in this International
Standard, have been chosen under this assumption. Equipment which is tested and installed in
accordance with this International Standard meets the relevant IMO requirements.\Jpecial
risks, [for instance lightning strikes, transients from the operation of circuit breakens and
electrgmagnetic radiation from radio transmitters are also covered.

Complex electric and/or electronic systems require EMC planning in all~phases of ¢lesign
and ingtallation, considering the electromagnetic environment, any special.requiremenis and
the equipment performance.

This third edition of IEC 60533 is applicable to electromagnetic-compatibility of all elgctrical
and electronic installations in ships with metallic hull.

It is based on the assumption that the ship is constructed insuch a way that metallic hdill and
structyire parts will significantly attenuate electromagnetic disturbance from the outef deck
environment to the inner deck environment and vice versa.
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ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS -
ELECTROMAGNETIC COMPATIBILITY (EMC) -
SHIPS WITH A METALLIC HULL

1 Scope

This International Standard specifies minimum requirements for emission, immunity and

perfor
equipn
metall

This |
SOLA
Intern

The n
standg

This International Standard further gives guidelines and recommendations on the meast

achiey

hent for ships with metallic hull. Additional or divergent requirements for ships ‘wit
¢ hull will be given in a future International Standard (IEC 62742).

hternational Standard assists in meeting the relevant EMC requireménts as stg

-

htional Standard is made in IMO Resolution A.813(19).

brmative part of this International Standard has been preparedyas a product famil
rd.

e EMC in the electrical and electronic installations.of the following equipment groug

gr

f) group F: non-electrical items and\equipment;
g) group G: integrated systems.

group B: power generation and conversion equipment;

)
)
c) group C: equipment operating with pulsedpower;
) group D: switchgear and controlgear;

)

group E: intercommunication and signal processing equipment and control systems;

up A: maritime navigation and radio communication equipment and systems;

ptronic
N non-

ted in

5 74, Chapter IV, Regulation 6 and Chapter V, Regulation 17..Reference to this

EMC

res to
S:

The basic EMC standard for-groups A and C is IEC 60945. The EMC requirements according to

IEC 6

e bri
e eq
e eq

CcO

945 apply additionally for

dge mounted, egquipment;
Lipment in‘close proximity to receiving antennas;

Lipment.capable of interfering with the safe navigation of the ship and with
mmunhication.

radio

Effect

ments

b on humans_like exposure to electromagnetic fields and basic safety require

such as protection against electric shock and dielectric strength tests for equipment are not

within

the scope of this International Standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at:
www.electropedia.org)
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IEC 60945, Maritime navigation and radiocommunication equipment and systems — General
requirements — Methods of testing and required test results

IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measunement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testingcand measurement
technigues — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11:cLesting and measurement
technipues — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-4-16, Electromagnetic compatibility (EMC) — Part\4-16: Testing and measurement
techniques — Test for immunity to conducted common /mode disturbances in the frequency
range|0 Hz to 150 kHz

IEC 61000-6-1, Electromagnetic compatibility (EMC)— Part 6-1: Generic standards — Immunity
for redidential, commercial and light-industrial epnvironments

IEC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Enjission
standard for residential, commercial andJight-industrial environments

CISPR 16-1-2, Specification for-radio disturbance and immunity measuring apparatus and
methofds — Part 1-2: Radio distutbance and immunity measuring apparatus — Coupling dgvices
for comducted disturbance measurements

CISPR 16-1-4, Specification for radio disturbance and immunity measuring apparatus and
methops — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and test
sites fpr radiated disturbance measurements

CISPR 16-2-4y—/Specification for radio disturbance and immunity measuring apparatus and
methods + Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbhahce measurements

CISPR 16-2-3, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements

IACS E10, Test specification for type approval

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161 and the
following apply.
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3.1

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: IEC 60050-161:1990, 161-01-07)

3.2

electromagnetic influence
effect of electromagnetic quantities on electrical and electronic circuits, equipment, systems or
humans

3.3
electromagnetic interference
EMI
degradlation of the performance of an equipment, transmission channel or system caused by an
electromagnetic disturbance

Note 1 [to entry: In French, the terms “perturbation électromagnétique” and( *brouillage électromagfétique”
designdte respectively the cause and the effect, and should not be used indiscriminately.

Note 2 o entry: The English words "interference" and "disturbance" are often used indiscriminately.

[SOURCE: IEC 60050-161:1990, 161-01-06)

3.4
degradation
<of performance> undesired departure in .he operational performance of any device,
equipment or system from its intended performance

Note 1 fo entry: The term "degradation" can apply to temporary or permanent failure.

[SOURCE: IEC 60050-161:1990, 161=01-19]

3.5
loss gf function
loss of function of a device beyond that permissible and where the function can be reptored
only by technical measures

Note 1 jo entry: Adspecial case of loss of function is destruction.
Note 2 jo entrys==loss of function may be permanent or temporary:

— technicdl,measures to correct permanent loss require the use of tools or spare parts;

— technical measures to correct temporary loss require simple operator actions such as resetting a computer or
reswitching.

3.6

electromagnetic disturbance

any electromagnetic phenomenon which may degrade the performance of a device, equipment
or system, or adversely affect living or inert matter

Note 1 to entry: An electromagnetic disturbance may be an electromagnetic noise, an unwanted signal or a
change in the propagation medium itself.

[SOURCE: IEC 60050-161:1990, 161-01-05]
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3.7

emitter

<of electromagnetic disturbance> device, equipment or system which gives rise to voltages,
currents or electromagnetic fields that can act as electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-23]

3.8

susceptible device

device, equipment or system whose performance can be degraded by an electromagnetic
disturbance

[SOURCE: IEC 60050-161:1990, 161-01-24]

3.9
emissjion

electrpmagnetic emission

phenomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:1990, 161-01-08]

3.10
immuhity
ability|of a device, equipment or system to perform without degradation in the presence of an
electrgmagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]

3.1
coupljng
interagtion of circuits between which enéergy can be transferred

3.12
insertjon loss
logarithmic ratio of the magnitude of the power which a load picks up when fed directly frgm the
power|source, to the magnitude of the power which the load picks up after inserting a two-port
netwofk (for examplea\filter) between source and load

3.13
returr loss
a
Iogaritrmic ratio of the reciprocal value of the reflection factor:

a =20 x |gl;
r
where

r is the ratio of return wave to forward wave

Note 1 to entry: r =0, a = o, if the impedance of the protection circuit is matched to the wave impedance of the
connected cable.

3.14

EMC analysis

compilation and interpretation of EMC data to determine the degree of influence with electrical
devices
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3.15

electromagnetic interference matrix

EMI matrix

structure where emitters are set against susceptible devices

Note 1 to entry: At the crosspoints of lines and columns the extent of electromagnetic interference is noted.

3.16
system
set of devices and/or components which interact according to a design

EXAMPLE Hardware (controlling system controlled system) software human interaction

Note 1 fo entry: The total ship with its equipment may be considered to be a system.

3.17
subsystem
singlgldevice and/or component intended to perform a given function, combining a number of
sub-units, electrically and mechanically

3.18
integrated system
combipation of separate systems intended to perform a given funetion

EXAMPILE Integrated cargo monitoring system with sensors and equipment in different zones.

3.19
ground
earth
point, [plane, or surface designated as the zero-potential (nominally) and serving as a common
reference potential for electrical or electronic equipment

EXAMPILE Ship's metallic structure and all other'metal parts conductively interconnected.

Note 1 [to entry: For EMC purposes, interconnections between metal parts equalize the different potentipls and
require 3 low impedance in the frequency_range considered. The frequency range considered includes the operating
as well|as the disturbing frequencies. This frequency range and the physical size of the electrical device determine
the achjevable equalization of potentials and thus the effectiveness of the grounding. The ground (earth) does not
in all cdses meet the personnel safety requirements of the protective earth.

Note 2 [to entry: For ships\with a non-metallic structure, all conductively interconnected metal parts (irjcluding
earth/gjound plate if existing) form the common ground (earth).

3.20
grounding
establ|shing of potential difference minimizing electrical connections

Note 1 %o Ulltly. Fhe—term "bUIId;IIH" tS ||u||||a“y tsed—for—the—actof ulcat;llg a—conductive path betweéen two
conductive surfaces.

Note 2 to entry: The term "earthing" (US, CA: "grounding") is normally used for measures to prevent the danger of
an electric shock by connection to earth. Additionally, "earthing/grounding" are used for the act of creating a return
path to the power source.

3.21

type test

test for a sample item of equipment to ascertain that it meets the requirements according to
this International Standard

3.22

port

defined interface of an equipment with the external electromagnetic environment through which
disturbances may be received or emitted
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Note 1 to entry: Conductive interfaces may also consist of cables, bond straps or mechanical interfaces such as
metallic pipes and mounting provisions.

Note 2 to entry: No testing needs to be performed on the ground port.

Note 3 to entry: See Figure 1.

Enclosure port

AC power port 1/0O signal and
control port

EQUIPMENT
DC power port

Ground port

IEC

Figure 1 — Examples for ports

3.23
zone
area gharacterized by sensitive and/or disturbing devices located therein

SEE: Figure 2.

3.24
deck Ind bridge zone
area in close proximity to receiving and/or transmitting antennas and the wheelhouse as well as
the control rooms, characterized by equipment forintercommunication, signal processing)} radio
commpnication and navigation, auxiliary equipmient and large openings in the metallic stricture

SEE: Figure 2.

3.25
generpl power distribution zone
area characterized by normal consumers

SEE: Figure 2.

3.26
special power distribution zone
area gharacterized by propulsion systems, bow thrusters, etc.

SEE: Figures2:

Note 1 jo'entry: The generated emissions exceed the limits given in Table 3.

3.27
accommodation zone
area characterized by equipment that is non-essential for the ship’s purpose

SEE: Figure 2.

EXAMPLE Crew quarters; offices; mess; lounges; passenger cabins.

Note 1 to entry: Precautions should be taken for a sufficient decoupling of the accommodation zone from all other
zones.

3.28
normal consumers
equipment for ship's operation
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LE Machinery, control equipment, static convertors.

selection

allocation of cables to categories depending on signal type and level

3.30
cable

separation

routing of cables of different categories with intermediate free space in order to reduce
interference

3.31

in-sittll testing

testing

Note 1
That m

Note 2
3.32

metal
watert

Note 1

Note 2
inner de

4 G

Ships’

the su

The in|
wide f

the pefrformance of othérjequipment or influencing the external electromagnetic environm

The a

For th

at the mounting place

to entry: In-situ testing cannot be performed with standardized procedures under controlled cor
bans only test facilities can be standardized, not the test and environmental conditions:

o entry: In-situ testing can be performed, for example, in case of large and or heavy installations.

ic hull
ght main part or body of a ship made of metal or other eguivalent conductive mate

o entry: It can be assumed that a metallic hull significantly reduces electromagnetic field strengths|

o entry: Aside from that, measures are taken to reduce  disturbance currents from entering or lea
ck environment.

eneral

equipment and systems can. be exposed to various kinds of electromg

systems or the equipment dre installed and to be operated.

dividual equipment of a ship can also be a source of electromagnetic disturbances
fequency range, canducted through power and signal lines, or directly radiated, aff

generated’by the equipment and systems do not exceed a level which could prevent

e emission limits, the objective of these requirements is to ensure that the disturh

ditions.

ial

ing the

gnetic

disturthances conducted by power or control lines or directly radiated from the enviropment.
The types and levels of disturbances.depend on the particular conditions in which the s

stem,

pver a
ecting

ent.

cceptance.griteria for the tests for immunity requirements are related to performance
criteria which ar& defined in terms of operational requirements.

ances

other

equipment and systems from operatfing as infended.

The emission limits of this International Standard may not, however, provide adequate
protection against interference to radio receivers when other ship equipment is used closer

than 3

m to the receiving antenna, see Annex A.

In special cases, for instance when highly susceptible equipment is being used closer than 3 m
to a transmitting antenna, additional mitigation measures may have to be employed to increase
the electromagnetic immunity beyond the limits specified in Clause 7.

NOTE The minimum immunity requirements in Clause 7 represent a typical electromagnetic environment and have
been selected so as to ensure an adequate level of immunity for ships.
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5 EMC test plan

5.1 Objective

Prior to performing the tests, an EMC test plan shall be established. It shall contain as a
minimum the elements given in 5.2 to 5.5.

Tests detailed in this International Standard are normally conducted as type tests and shall be
carried out whenever possible at an EMC test laboratory. For test procedures, reference is
made to IEC basic standards.

Howeyer, in cases where type tests are impracticable (e.g. large mechanical dimensipns of
equipment, functional control), individual tests may be performed. This can be done in [situ, if
necespary, and in accordance with a tailored test procedure. In-situ testing is not as‘repefatable
as tedting on a test site. Therefore, care should be taken when using the regsults of |in-situ
testing on one site to predict compliance for a product from series production.

5.2 |Configuration of equipment under test (EUT)
5.21 General

Ships'| systems are not uniform assemblies. The type, numberiand installation of equipment,
whether installed individually or integrated, may vary from system to system. Hence it|is not
reasomable to test every possible arrangement; howevery jt'is recommended to carry oyt type
tests.

For a|realistic simulation of the EMC situation (related both to emission and immunify), an
assenlbly of EUT with its auxiliary equipment, such as cabling, power supplies, etc. shall be
built tp represent a realistic installation. ThisCassembly shall be operated as far as pgssible
under|normal conditions (including the software).

5.2.2 Assembly of EUT

If the |[EUT to be type tested is-a-system, subsystem or equipment likely to be installed at
distributed locations, one or more typical configurations with all components of the EUT shall
be chgsen to reproduce the real installations. A justification for the chosen configuration$ shall
be prgvided in the EMC test plan.

NOTE |The type test certificate issued after the test is valid only for the EUT composition listed in the EMC test
plan.

5.2.3 EUT interconnecting cables

A suffjcient_number of interconnecting cables shall be selected. At least one of each type of
intercontiecting cable shall be used during testing in a representative configuration.

Interconnecting cables shall be standardized types, see Table B.1. Where special cables are
required, the manufacturer of the EUT should provide the specification.

5.24 Auxiliary equipment

A list of all auxiliary equipment shall be provided. The auxiliary equipment enumerated shall be
sufficient to simulate all realistic operational conditions and to ensure that all feasible types of
operation can be performed.

5.2.5 Cabling and grounding

The EUT shall be connected with all necessary cables and connected to ground in accordance
with the manufacturer's specifications and the installation requirements. There shall be no
additional grounding connections.
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5.3 Test pre-conditioning
5.3.1 Operational conditions

Typical operating modes of the EUT shall be defined by the manufacturer before testing,
considering that only the most typical functions of the equipment can be tested, for example
analogue signals at 0 %, 50 % and 100 % magnitude, or digital signals with typical impulse
trains. Particular attention shall be paid to the choice of critical mode.

5.3.2 Environmental conditions

EMC tests shall be performed under normal environmental conditions. Normal environmental
conditljons shall consist of any convenient combination of temperature in the range\ {15 °C
to +45 °C and relative humidity in the range 20 % to 75 %.

Whenlit is impractical to perform the tests under the environmental conditions_defined abjove, a
note tp this effect stating the actual environmental conditions prevailing during the test$ shall
be appended to the test report.

5.3.3 Test software

The tgst software used for different modes of operation shall besidentified.

5.4 |Acceptance criteria

Pass/fail criteria for each port and test shall be spegified. The acceptance criteria shall be
specifled as quantitative values where possible.

For evaluation, the performance criteria are as-féllows:
Performance criterion A

The HUT shall continue to operate™as intended during and after the test. No degradation of
performance or loss of function.is allowed as defined in the relevant equipment standard jand in
the te¢hnical specification published by the manufacturer.

Performance criterion.B

The EUJT shall continue to operate as intended after the test. No degradation of performapce or
loss of functionds_ allowed as defined in the relevant equipment standard and in the teghnical
specif|cation published by the manufacturer. During the test, degradation or loss of function or
performancecwhich is self-recoverable is however allowed; but no change of actual opgrating
state ¢r stored data is allowed.

Performance criterion C

Temporary degradation or loss of function or performance is allowed during and after the test,
provided the function is self-recoverable, or can be restored by the operation of the controls as
defined in the relevant equipment standard and in the technical specification published by the
manufacturer.

5.5 Scope of EMC testing

Each test to be applied shall be specified in the EMC test plan based on the equipment test
matrix in Table 1. The description of tests, the test methods, the characteristics of the tests
and the test set-ups are given in the basic standards which are referred to in 6.2 and 7.2.
In addition, information needed for the practical implementation of the tests is given in this
International Standard. In some cases the EMC test plan should specify the application in
detail.


https://iecnorm.com/api/?name=0fb1d2de8beee077f898372ed9c5de1a

IEC 60533:2015 © IEC 2015 -17 -

Performance criteria for the individual tests are given in Table 1.

NOTE

Normally, no additional EMC tests are required beyond those stated in this International Standard.

6 Emission requirements

6.1

Conditions during the emission tests

Measurements shall be made with the EUT in the operating condition that produces the highest

emissi

on level in the frequency band being investigated, see Clause 5.

NOTE 1

The r§
deck

Measl
emiss

The description of the tests, the test methods and the test séti-ups are given in the

standg
peak ¢

The
150 kK
30 MH
freque
in acc

and bridge zone a minimum distance of 3 m between the emitters andthe red
antennpas. For distances less than 3 m, a special compatibility analysis shall be.carried oy

The conducted emission limits covered here are given on a port-by-port basis.

diated emission requirements within the range of receiving frequencies preSume

on.

rds as stated in Table 2 and Table 3. Measurements shall be performed with a
etector.

easuring bandwidth stated in CISPR 16-1-1 is 200'Hz in the frequency range 10
1z, 9 kHz in the frequency range 150 kHz to 30 MHz and 120 kHz in the frequency
z to 2 000 MHz. According to IEC 60945, theymeasuring bandwidth shall be 9 kHZz
ncy range 156 MHz to 165 MHz, a peak detector or frequency analyser may be ac
brdance with the manufacturer of the EUT and the test laboratory.

in the
eiving
t.

rements shall be performed in well-defined and reproducible conditions for each type of

basic
quasi

Hz to
range
in the
cepted
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6.2 Emission limits
6.2.1 General

Equipment not permanently installed which is intended to be operated in the accommodation
zone (non-essential equipment) shall comply with IEC 61000-6-1 and IEC 61000-6-3 or
equivalent standards.

Precautions should be taken for a sufficient decoupling of the accommodation zone from all
other zones.

Figure Z 1S an example schematic diagram oOf Zzones.
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Special power
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Figure 2 — Schematic diagram of zones (example)
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6.2.2 Emission limits for equipment installed in the deck and bridge zone

Emission limits for equipment installed in the deck and bridge zone are given in Table 2.

Table 2 — Emission limits (deck and bridge zone)

Port Frequency range Limits Basic standard
Enclosure 150 kHz to 300 kHz 80 dBuV/m to 52 dBpV/m ¢ | CISPR 16-1-4 2
(radiated emission) 300 kHz to 30 MHz 52 dBuV/m to 34 dBuV/m ¢ | CISPR 16-2-3 2

30 MHz to 2 GHz 54 dBuV/m ©

except:

156 MHz to 165 MHz 24 dBuV/m © CISPR 16-2-3.2

30 dBpV/m CISPR 16:233.0

Powel, 1/0 10 kHz to 150 kHz 96 dBpV to 50 dBuV CISPR 1631-2
signalland control CISPR 16-2-1
(condyicted emission)

150 kHz to 350 kHz 60 dBuV to 50 dBuV

350 kHz to 30 MHz 50 dBuV

2 Mgasured at a distance of 3 m.
b Measured with a peak detector or a frequency analyser at a distance of 3,m.

¢ Vdlues in accordance with IACS E10, applicable for intended operation in*Ship's environment.

6.2.3 Emission limits for equipment installed in{the general power distribution zone

Emissjon limits for equipment installed in the géneral power distribution zone are giyen in
Table [3.
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Table 3 — Emission limits (general power distribution zone)

Port

Frequency range

Limits

Basic standard

Enclosure
(radiated emission)

150 kHz to 30 MHz
30 MHz to 100 MHz

80 dBpV/m to 50 dBuV/m
60 dBpV/m to 54 dBuV/m

CISPR 16-1-4 @
CISPR 16-2-3 @

100 MHz to 2 000 MHz 54 dBuV/m

except:

156 MHz to 165 MHz 24 dBuV/m CISPR 16-2-3 2
30 dBuV/m CISPR 16-2-3 °

Powe
signal
(cond

, 110 10 kHz to 150 kHz 120 dBpV to 69 dBuV CISPR 1621-2

and control

icted emission) 150 kHz to 500 kHz 79 dBuVv CISPR™6-2-1
500 kHz to 30 MHz 73 dBpVv

Betwe
be in
differg
in the

NOTH]
install
freque

en the general power distribution zone and the special power distribution zone;ya decoupling device

ed in the power supply circuit (see Figure 2) capable of achieving a decoupling of about 30 dB

talled in the power supply circuit (see Figure 2) capable of achieving d_decoupling equivalent
nce of the limits of the general power distribution zone and the existing emissions of equipment in
special power distribution zone.

1 Between the deck and bridge zone and the general power(distribution zone an RFI filter co

ncy range of 10 kHz to 30 MHz.

hould
o the
talled

Iild be
in the

a Mg
b Mg

asured at a distance of 3 m.

asured with a peak detector or a frequency analyser at“a distance of 3 m.

6.2.4

For th
systern
to sup)
shoulg

assurgd. Care should be taken in selecting consumers supplied from an electric power

systern
betwe
for eq

7 Immunity requirements

Emission limits for equipment(installed in the special power distribution zg

e special power distribution zene where semiconductors are connected having
N rating representing a signifieant portion of the total system rating, it may not be fe

ne

h total
asible

press the low frequency-as-well as the high frequency harmonics. Appropriate meisures

be taken to attenuate ‘these effects on the distribution system so that safe oper

n with a higher sharmonic content than specified. An agreement should be re
en the manufacturer of the equipment and the user. Further requirements are not d
Llipment installed in this zone.

ion is
supply
ached
efined

7.1

Cohditions during the i .

The measurements shall be made with the EUT operating such that any reaction to the tests

allows

the required performance criteria to be recognized, see Clause 5.

The configuration and modes of operation during immunity tests shall be precisely noted in the
test report.

Tests

shall be applied to the relevant ports according to Table 4.

The tests shall be performed in accordance with the basic standards.

7.2

Minimum immunity requirements

The minimum immunity requirements and tests are given in Table 4.
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Table 4 — Minimum immunity requirements for equipment

b

Line to ground.

Capacitive coupling.

Coupling clamp.

Special situations to be analysed.

Test procedure to be described in the test report.

Port Phenomenon Basic Performance Test value
standard criteria
AC power Conducted low IEC 61000-4-16 A 10 % AC supply voltage 50 Hz to 900 Hz;
frequency interference 10 % to 1 % 900 Hz to 6 000 Hz;
1% 6 kHz to 10 kHz
Power supply variation [IEC 61000-4-11 B voltage: + 20 % for 1,5 s
frequency: £ 10 % for 5 s
Power supply failure IEC 61000-4-11 C 60 s interruption
Electrical fast transient [IEC 61000-4-4 2 kve®
(burst)
Surge voltage IEC 61000-4-5 B 0,5 kV&@N and 1 kvP:h
Conducted radio IEC 61000-4-6 A 3 Vrms®; (10 kHz)" 150 kHzto 80 MHz
frequency interference sweep rate <1,5 x 1073 décade/s9
modulation 80 % AM (A\kKHz)
DC power Conducted low IEC 61000-4-16 A 10 % DC supply voltage 50 Hz to 10 kHz
frequency interference
Power supply variation [IEC 61000-4-11 B Voltage + 20-%-/ — 25 % equipment npn-
connected to-battery
Power supply failure IEC 61000-4-11 C 60 s interruption
Electrical fast transient [IEC 61000-4-4 2 k¢
(burst)
Surge voltage IEC 61000-4-5 B 0,5 kV@ and 1 kVv®
Conducted radio IEC 61000-4-6 A 3 VrmsS; (10 kHz)f 150 kHz to 80 MH%
frequency interference sweep rate <1,5 x 10-3 decade/s?
modulation 80 % AM (1 kHz)
1/0O ports, Electrical fast transient |IEC 61000-4-4, B 1 kvd
Signal (burst)
control
Conducted radio IEC 61000-4-6 (A 3 Vrms®; (10 kHz)f 150 kHz to 80 MHz
frequency interference sweep rate <1,5 x 1073 decade/s
modulation 80 % AM (1kHz)
Enclospre Electrostatic discharge |IEC 61000-4-2 (B 6 kV contact and 8 kV air
(ESD)
Electromagnetic field [IEC 61000-4-3 (A 10 V/m®
80 MHz to 2 GHz
sweep rate <1,5 x 1073 decade/s
modulation 80 % AM (1 kHz)
Equipnmpent not_perimanently installed which is intended to operate in the passenger accommodation zonq is not
required to comply with any immunity requirements.
Precautions should be taken for a sufficient decoupling of the passenger accommodation zone from al|l other
zones.
2 Line to line.

For equipment installed in the deck and bridge zone, the test levels shall be increased to 10 V r.m.s. for spot
frequencies in accordance with IEC 60945 at 2 MHz / 3 MHz / 4 MHz / 6,2 MHz / 8,2 MHz / 12,6 MHz /
16,5 MHz / 18,8 MHz / 22 MHz / 25 MHz. For shielded cables a special test set-up shall be used enabling the
coupling into the cable shield.

Values in accordance with IACS E10, applicable for intended use in ship's environment.
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7.3 System aspects

If higher levels or tests of other phenomena under special system aspects are necessary (for
example, equipment very close to transmitting antenna) the immunity shall be increased or
mitigation measures in the installation shall be applied.

8 Test results and test report

The test results shall be recorded in a comprehensive test report. The test report shall
accurately, clearly, unambiguously and objectively present the objective, the results and all
relevant information of the tests. The test report shall clearly define the EUT, including the
cable [layout, cable types and the auxiliary equipment used. Any deviation from the EMC test
plan shall be mentioned, see Annex C.
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Annex A
(informative)

General EMC planning procedures

A.1  Overview

Annex B contains guidelines for achieving EMC for ships and their equipment. The general
procedures for achieving EMC are described.

By usJing this International Standard, an adequate consideration of EMC matters\ jn the
planning, construction and operation stages can be reached. This allows EMC measureq to be
realizgd in timely fashion during the course of the project, whilst respecting thé. necg¢ssary
coordination.

During the lifetime of the ship, it is important that the EMC is not impaired by maintgnance
procedures and that, for modifications and extensions, maintenance.is achieved by the
application of minimum requirements.

A.2 | General procedures

The alm of Annex A is to support the manufacturer responsible for the overall performahce of
the ship in achieving the EMC of the system. Sincé) EMC is a quality related feature, it is
necespary to treat it in the same way as general quality assurance.

Deperjding on the complexity of the system, . EMC management needs to control and monitor
the following activities for achieving EMC:
— EMC analysis;

- p
— checking EMC measures on.equipment;

gnning and performing EMC measures;

— chgcking implementation and effectiveness of EMC measures in the system;

— enpuring EMC measures remain effective during the system'’s lifetime.
A.3 | EMC management

A.3.1 General

For mpst merchant ships, EMC management is a general management task, normally assigned
to ong responsible person. Appropriate skills are expected to be found in the electrical and
electronic department of the shipyard.

For more complex ships more extensive skills and knowledge might be necessary. In this case,
an EMC advisory group should be established to support the management in making the
appropriate decisions in EMC matters.

A.3.2 EMC advisory group

The EMC advisory group should be established during the planning phase of the system. The
group is chaired by the person responsible for EMC matters.

In the group, experts from different disciplines work together to define the EMC requirements
of the system, sufficiently and economically justified by the occurrence of potential EMC
problems, technology know-how and assessment of EMC measures.
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Members of the EMC advisory group should include:

representative of the contractor;

— representative of the customer;

— representatives of the suppliers of EMC-related equipment;

— representative of the classification society;

— independent EMC experts.

Not all members of the group are necessarily permanent members. The contractor has the

author

ity to invite temporary members, depending on the subject treated.

A.3.3

The basic sequence of management tasks to achieve EMC is as follows:

- ca
- es
- de
- de
- de
— di
- pe

q

I

A.3.4
The in

a) W

The primary influence mode is radiation. Consequently all above-deck equipment mn

inf
Hg
b) W

Inf
bri
nu

EMC management tasks

ry out a rough EMC analysis;

ablish EMC requirements for the equipment;
fine required operational conditions;

fine installation recommendations;

fine quality assurance measures;

cuss results of preceding steps;

rform additional EMC measures.

Rough analysis

itial analysis of the EMC situation shall answer the following questions.

hich equipment could be influenced by transmitting antennas?

uenced. Below-deck equipment-may profit from the shielding properties of the met
wever, electronic equipmentiinstalled in the deck and bridge zone should be consid

nich equipment could interfere with receiving antennas?

uence also comes‘from radiation. Only strong radiating equipment in the deg
dge zone shouldrbe considered. It is difficult to prevent system interference due

rag

ay be
bl hull.
ered.

k and
to the

mber of transmitting and receiving antenna systems on the top deck. Systemjs that

iate/receive_in-band and near-band with other systems require spectrum plannirlg and
¢cise antenha location and design. A compatibility matrix should be made to prevent inter
cating

Llts of

based on

c) Which electronic equipment could be disturbed by radiating electric power lines and

€q

uipment?

Radiation coming from electric power lines and equipment normally decays with distance.
Therefore, only equipment in close proximity to the radiating electric power lines and
equipment need be considered.

d) Which electronic equipment could suffer interference from inadequate network quality?

Standard ship's power supply system characteristics are defined in

IEC 60092-101.

Disturbance may occur when susceptible electronics and emitting power electronics are
connected to the same busbar.
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A.3.5 EMC requirements for equipment

The primary requirement of equipment before installation on board the ship is compliance with
the applicable EMC standards. This should be certified in the manufacturer's specifications.
Every case of non-compliance shall result in additional analysis work, and, in many cases,
consideration during designing or additional EMC measures.

A practical requirement is reliable and interference-free operation in the environment where the
equipment is installed. For this, suppliers of equipment need to be informed about the EMC-
features of the environment.

A.3.6 —EMG-interface-agreements

When|simultaneous operation of equipment combinations is subject to the risk of /mutual EM-
interfdrence, the contractor should require the suppliers of the equipment to ¢ome |to an
agreement about measures necessary for undisturbed operation. Such an agreement $hould
descripe measures, responsibilities and quality assurance procedures.

A.3.7 Installation recommendations

Installption recommendations with special consideration of EMC are ‘eontained in Annex B.

Special installation requirements may result from the rough afalysis, for example when spacing
betwegen devices is mandatory.

A.3.8 Assessment of conformity with EMC regulations
A.3.8.1 General

Assesgment of conformity with the EMC regulations is a subtask of general quality assufance.
Appropriate measures may be assigned to;ane of the following levels:
— equipment level;

— production supervision level;

— system level.

Similar to the general quality assurance, EMC assurance shall be performed in 3ggreed
coopefation between (the appropriate bodies? and the quality assurance staff ¢f the
manuflacturer.

A.3.8. Equipment level of conformity with EMC regulations

For epuipmeéent conformity, presentation of appropriate certificates is satisfactory. If such
certifigates cannot be presented for individual systems, agreed tests should be carried|out in
coopekati i i i

A.3.8.3 Production supervision for EMC

During the ship’s construction the applicable measures of Annex B should be observed.
Special attention should be given to the performance of “decoupling by design”, i.e. spacing
between radiating and susceptible equipment should not be reduced, unintended disturbance
connection to susceptible equipment via the same busbar should be avoided, etc.

1 Government authorities, notified bodies, classification societies, etc.
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A.3.8.4 System level of conformity with EMC regulations

The standard procedure to prove EMC of the system is the "switch-on/switch-off test". During
this test combinations of electrical and electronic devices are operated and observed to detect
effects possibly caused by electromagnetic influence. If such effects occur, the source should
be identified by sequentially switching off and on those devices that are likely to produce
interference.

The evaluation of electromagnetic influence effects should conform to the performance criteria
defined in this International Standard, unless otherwise specified.

A.3.9 —Additienal-measures

If, dug to the complexity of the ship, additional measures beyond the basic tasks desecriped in
A.3.3 gre required by the appropriate bodies, an analysis as described in Clause,A4 should be
carried out.

If this [analysis reveals the need for additional EMC measures, planning and realization $hould
be pefformed as described in Clause A.5.

The vgrification of the efficiency of the above-mentioned EMCG measures is carried put by
testing and inspection as described in Clause A.6.

A.4 | Full EMC analysis

A.4.1 General

EMC gnalysis can be used to specify limits fot’ equipment and units within systems. A flow
chart [for the analysis of equipment is given'in Figure A.1. A similar procedure applies to
subsystems.

A fulllEMC analysis can be performed and in the case of complex systems this is| often
necespary. In some cases it is sufficient to perform only parts of an analysis: for example,
preparing frequency or level surveys or specifying compatibility levels.

A.4.2 Electromagnetictinterference matrix (EMI matrix)

In the|case of a full EMC analysis, an EMI matrix is drawn up. EMI relevant data on the[ship's
equipment is collected and recorded on EMI sheets. This equipment, potential emitters 3s well
as susgceptible devices are entered into the matrix. At each of the crosspoints an analysis is
performed to.ascertain whether the pieces of equipment interfere with one another. The|result
is noE]éd by-means of symbols at the crosspoints and then the matrix is analysed. Conclisions

can drawn from the analysis concerning the EMI levels of the equipment andl EMC
measyres’to be taken for the system.

Figure A.2 shows an example of an electromagnetic interference matrix (EMI matrix). Emitters
of disturbance are recorded in the columns, and susceptible devices are recorded in the rows.
Equipment will normally appear in both the columns and the rows. Each piece of equipment is
designated by a matrix number. In addition, data from the electromagnetic environment is
recorded in the matrix.

A.4.3 Collection of data
To conduct an EMC analysis, various data have to be obtained. These include:

a) emission and immunity levels;
b) dimensions of equipment;
c) distances between the units;
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d) data concerning cables, both power and signal cables;

e) electric and electronic data of the equipment, such as:

1)
2)
3)
4)

Also n

power;
frequencies / frequency ranges;
the sensitivity level of receivers;

the transmitting power of transmitters, etc.

ecessary are:

f) data concerning the details of the installation;

g) ley

Prefer
neces
be em

The w

applie
items.

A que

A.4.4
A.4.4,

For ed
docun

els in the electromagnetic environment.

sary to estimate levels on the basis of the operation of equipment. These,lévels ca
ployed until more accurate ones become available.

5 to the equipment configuration, the cable laying and the distances between
The EMC measures already planned for the system need to.bé&known.

Etionnaire may be helpful to obtain this data from the equipment suppliers.

Data processing
( EMI sheet

ch equipment the data are collected in d’data base or on a separate "EMI sheet
ent is given a number, which is recorded in the EMI matrix for the fast retrieval o

The sheet can be replaced if there are any-thanges of the data on the document.

A.4.4,

On th

P Frequency surveys

ably data from test reports have to be used. If these are not availableit may be

h then

Ay in which the equipment is installed and cables are connected needs to be known. This

these

. This
data.

e basis of the data collected, a frequency survey is produced for the opgrating

frequgncies and their harmonicycomponents. This applies especially to all frequency ranges in

which

equipment has frequéncies either above the emission limit or below the immunit

An example is given in Eigure A.3.

It is p
radiat

The

equipment of the system. The frequency survey can be used to find out whether trans

d interference.

limit.

ractical to carry out two types of survey, one for conducted interference and one for

urvey \is especially important for the several transmitting and receiving pieges of

||nitting

and receiving equipment are operating in the same frequency bands

A.4.4.3 Level surveys

Level surveys indicate the emission and immunity levels in the frequency ranges. Figure A.4
gives an example of this. Surveys often only record levels that deviate from standard limits: for
example, the emission level of a transmitter or the immunity level of a receiver. By including
the limits contained in the relevant EMC-specification, it is also possible to see how far these

levels

either exceed the emission limits or fall below the immunity limits.

For conducted interference, the level survey will show whether the pieces of equipment will
interfere with each other. In the case of conducted interference, not much damping usually
occurs in wires or cables.
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For interference resulting from crosstalk, the coupling impedance needs to be known, and no
conclusions can be drawn before a calculation has been performed.

A similar situation applies in the case of level surveys for interference. Before any conclusions
can be drawn, distances and shielding objects (such as other equipment, metal components,
etc.) need to be taken into account by calculating levels at the location of the equipment
susceptible to disturbance.
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Figure A.1 — EMC analysis, flow chart
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Figure A.4 — EMC analysis, level survey

A.4.5 Completing the matrix

A rough estimation of the possibility of interference between the emitters and the susceptible
device is made.

At those locations where no disturbance is possible, the symbol "-" is marked at the crosspoint
in the matrix; at locations where it is possible, the symbol "+" is marked. For these cases
calculations are performed (see below). If the analysis shows no interference to be present,
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this is indicated in the matrix by means of the symbol "®"; if interference is shown to be
present, this is indicated by means of the symbol "#". If necessary, the value y in dB can also
be recorded. For explanation of symbols see Table A.1.

Table A.1 — EMC-matrix, explanation of symbols

Symbol Meaning

- No interference possible

Interference possible or present

+

® Interference possible, but shown by analysis not to be present
# Interference present or probable, according to analysis
# Interference present, and value according to analysis

y(dB)

A.4.6 Calculations

For eyery cross point in the matrix where a "+" occurs, a calculation\is performed to esfablish
whether the equipment causing disturbance can influence the ‘equipment susceptiple to
disturbhance.

For thjs purpose, emission levels at the location of the equipment susceptible to distubance
are cglculated for all possible transmission routes and“eompared with the immunity leyels of
the equipment.

The cplculations should take into account the bandwidths to which the levels apply apd the
presciibed margins between the levels. Sinceiuch data is estimated at this stage, the fesults
of the| calculations are not very accurate;\accuracy less than the chosen margin is ysually
sufficient. In practice, even this is not.always achievable, especially in the case of radiated
interfgrence.

A.4.7 Conclusions to be drawn from the matrix

Once |the EMI matrix has beeh completed, it will show which equipment is likely to [cause
interfgrence. On this basis,” measures can be defined. These may involve improving the
equipment or introducing\EMC measures into the system.

A.5 | AdditionalEMC measures

A.5.1 General

If los9_of“function is to be expected as a result of EMC analysis, measures for limitihg the
electromagnetic emission or increased immunity need to be planned and executed. In principle,
measures on equipment can be taken, for example by additional interference suppression
elements and/or, within the system, by separation or shielding of cables. Annex B contains a
catalogue of measures which have proven practicable for all cases.

A.5.2 Limitation of electromagnetic emission

The majority of electrical and electronic equipment emits unwanted high-frequency
electromagnetic oscillations (disturbing quantities). On the one hand, they may reach the
antenna inputs of the radio receiving equipment and cause radio interference; and, on the other
hand, they may reach the signal inputs of sensitive electronic equipment and cause
degradation of performance.

Limitation of emissions with respect to other equipment is necessary for ensuring EMC. lts
extent needs to be agreed between the customer and contractor, if not already regulated by
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