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1)

The IE
all nati

international co-operation on all questions concerning standardization in the e{ectihc

this en

entrust¢d to technical committees; any IEC National Committee inters

particip)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS —
ELECTROMAGNETIC COMPATIBILITY

FOREWORD o~

(International Electrotechnical Commission) is a worldwide organization f
bnal electrotechnical committees (IEC National Committees). The objg

pte in this preparatory work. International, governmental and non-gove n Q

with thegl IEC also participate in this preparation. The IEC collaborates cl6sely With the lternationat’Orgg
Standa]dlzatlon (ISO) in accordance with conditions determined by agfe Q organiza

2) The fofmal decisions or agreements of the IEC on technicd
international consensus of opinion on the relevant subjects g
from all interested National Committees.

3) The do¢uments produced have the form of re i ar i { use and are published
of standards, technical specifications, tee i are accepted by t
Commiftees in that sense.

4) In ordef to promote international unification i ittees“undertake to apply IEC |
Standafds transparently to the maximum/ extent po siBle” in\their national and regional stan
diverge ational or regional standard shall
indicatgd in the latter.

5) The IEC appydval and cannot be rendered responsi
equipment declared to b

6) Attentign is drawn to th ssibilit e of the elements of this International Standard may be
of pateft rights. THelE Qnsible for identifying any or all such patent rights.

Internatignal Stan;r ; < ~ n prepared by IEC technical committeel8:

installatigns of ships

ixed offshore units.

comprising
0 promote

if\{ields. To

ration is
with may

ipns liaising

nization for
tions.

pssible, an
resentation

in the form
e National

ternational
flards. Any
be clearly

ible for any

the subject

Electrical

stitutes a

deleted.
16-2 and

and IEC 60092 504 have been mcorporated as far as possmle

D092-204

A new annex A "IMO Resolution A.813 (19) has been added as an informative part.

A new annex B "General EMC planning procedures” has been prepared as an informative
part of this standard.

A new annex C "Measures to achieve EMC" has been prepared as an informative part of
this standard. It contains guidelines and recommendations for organizational and technical

meas

ures to achieve EMC.

Equipment and installation groups A to E have been updated to include "non-electrical

items

and equipment" and "integrated systems" in annex C.

Chapter Il "Vital interference suppression components" has been deleted. This topic is now

suffic

iently described in the referenced IEC standards given in annex C.
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The text of this standard is based on the following documents:

FDIS Report on voting

18/870/FDIS 18/874/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 3.

Annexes A_|_B and - C are for information nnl\]l /\

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

The committee has decided that this publication remains valid
At this ddte, in accordance with the committee’s decision, t i be

« reconfirmed;
e withdfawn;
« replag¢ed by a revised edition, or

QQ%@\@



https://iecnorm.com/api/?name=29af76a3f65734d210aec0809ac8c565

60533 ©

IEC:1999(E) —5-

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

mal elec-

ther hand the equipment needs to function without degradation/in nor

tromagnatic environment. The limit values for immunity, specified in thissstandardCh

chosen u
standard
transient
transmitt

Complex
and insta

equipment performance.

This second edition is applicable to el
installatigns in ships.

ave been
with this

%trikes,
radio

bf design
5 and the

plectronic
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ELECTRICAL AND ELECTRONIC INSTALLATIONS IN SHIPS —
ELECTROMAGNETIC COMPATIBILITY

1 Scope

This International Standard specifies minimum requirements for emission, immunity and perform-
ance criteria regarding electromagnetic compatibility (EMC) of electrical and electronic equipment
for ships. It assists in meeting the requirements of IMO resolution A.813 (swnex A).

Equipment which is tested and installed in accordance with this stan relevant

IMO regyirements.

NOTE 1 The normative part of this standard has been prepared as a product fami

NOTE 2 Effects on human beings are not the subject of this standard.

This stan eve EMC

in the elg

dard further gives guidelines and recommendatio

a) group
b) group
c) group
d) group
e) group
f) group
g) group

The basi

NOTE Thig
electric shd

jon against

2 Norn
4

The follo this text,
constitute provisions Yof this International Standard. For dated references, supsequent
amendments to, oryeévisions of, any of these publications do not apply. However, parties to
agreemehts—based-onthis—ntermationat-Standard—=are—encotraged-tonvestigate—the—possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC Guide 107: Electromagnetic compatibility — Guide to the drafting of electromagnetic
compatibility publications

IEC 60050(161): International Electrotechnical Vocabulary (IEV) — Chapter 161: Electro-
magnetic compatibility

IEC 60092-101: Electrical installations in ships — Part 101: Definitions and general
requirements
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IEC 60092-201: Electrical installations in ships — Part 201: System design — General

IEC 60092-504: Electrical installations in ships — Part 504: Special features — Control and
instrumentation

IEC 60945: Maritime navigation and radiocommunication equipment and systems — General
requirements — Methods of testing and required test results

IEC 61000-1-1: Electromagnetic compatibility (EMC) — Part 1: General — Section 1: Application
and interpretation of fundamental definitions and terms

IEC 610 surement
techniqusd
IEC 610 Qrement
techniqug
IEC 610 surement
techniqusd
IEC 610 surement
techniqug
IEC 610 surement
techniqusé
IEC 610 surement
techniqug cy fields
IEC 61000-4-11; Electkomagnetic surement
techniques — Se X nity tests
IEC 610( surement
technique requency
range 0 K
CISPR 4 atus and
methods

CISPR 1627 Specification for radio disturbance and immunity measuring apparatus and
methods —Part Z: Methods of measurement of disturbance and immunity

SOLAS, International Convention for the Safety of Life at Sea, 1974 (as amended)

IMO Resolution A.813 (19):1995, General requirements for electromagnetic compatibility
(EMC) for all electrical and electronic ship's equipment
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3 Definitions

For the purpose of this International Standard, the following definitions apply. Generic
definitions can also be found in IEC 60050(161) and in IEC 61000-1-1.

Additional definitions, not included in IEC 60050(161) but nevertheless necessary for the
application of the different tests, are given in the Basic EMC publications.

3.1

electromagnetic compatibility; EMC  (abbreviation)
the ability_of an equipment or system to function satisfactorily in its electfomagnetic environ-
ment without introducing intolerable electromagnetic disturbances anything| in that
environmlent [IEV 161-01-07]

3.2
electromagnetic influence

effect of plectromagnetic quantities on electrical and electrg stems or
human bgings

3.3

electromagnetic interference; EMI

degradat|on of the performance of an sed by an

electromagnetic disturbance

NOTE 1 The English words "interference" and "gi
NOTE 2 In French, the term "perturbation é\ectr nétique
électromagpnétique”. [IEV 161-01-

3.3.1
degradat|on (of perfor
an undegired deg

from its intended per

also used with the meaning of |"brouillage

erformance of any device, equipment gr system

NOTE The term "deg 3 ly to teyporary or permanent failure. [IEV 161-01-19]

3.3.2

loss of fu

loss of i device beyond that permissible and where the function can be| restored
only by td i swes. A special case of loss of function is destruction

NOTE Losp of funCtion may be permanent or temporary:

— technicpimeasures 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.

3.4

electromagnetic disturbance

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

NOTE An electromagnetic disturbance may be an electromagnetic noise, an unwanted signal or a change in the
propagation medium itself [IEV 161-01-05]
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3.5

emitter (of electromagnetic disturbance)

device, equipment or system which gives rise to voltages, currents or electromagnetic fields
that can act as electromagnetic disturbance [IEV 161-01-23]

3.6

susceptible device

device, equipment or system whose performance can be degraded by an electromagnetic
disturbance [IEV 161-01-24]

3.7
(electromagnetic) emission
the phenpmenon by which electromagnetic energy emanates from a soufce [l 1-08]

3.8
immunity|(to a disturbance)

the ability of a device, equipment or system to perform wit
an electrpmagnetic disturbance [IEV 161-01-20]

bsence of

3.9
coupling
interactign of circuits between which ene

3.10
insertion floss

logarithmlic ratio of the mag
power sojurce, to the magmn
device (for example a filten _betw

3.11
return logs Q
logarithmlic ratio o

return wgve to fo

from the
four-pole

e ratio of

NOTE r=p, a= il cable.

3.12
EMC an

compilati
devices

electrical

3.13

electromagnetic interference matrix (EMI matrix)

matrix where emitters of disturbance are set against susceptible device of disturbance. At the
crosspoints of lines and columns the extent of electromagnetic interference is noted

3.14

equipment under test (EUT)

equipment (devices, appliances and systems) subjected to EMC (emission and immunity)
compliance tests

3.15

equipment or subsystem

a technical device intended to perform a given function, combining a number of sub-units,
electrically and mechanically
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3.16

integrated system

combination of separate items of equipment interconnected for the intended performance of a
given function

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

3.17

system

set of devices and/or components which interact according to a design. A device and/or
component of a system can be another system (called subsystem). Such devices and/or com-
ponents (subsystems) may be:

—  hardware 7~

* controlling system;

* confrolled system;
— software;

— huma interaction.
NOTE The total ship with its equipment may be considered to be a syst

3.18
ground (e¢arth)
ship's matallic structure and all other

NOTE 1 F¢r protective ground (protective eartl

pquire a low
ange\considered includes the operating| as well as
ical size of the electrical device detgrmines the
the ground. The ground does not in all cases

NOTE 2 F¢r EMC purposes interconnections betws
impedance]in the frequency range considered.
the disturbjng frequencies. This frequency ra
achievable|equalization of potentials and thus
meet the pqg b

NOTE 3 F
existing) fo

und plate if

3.19
protectivq
conducto
which elq
the followi

an body,
more of

— exter
- main< :
— earth

- metal’ic Casing ofother equipment.

3.20
reference ground
conductor whose potential is that to which the potentials of other conductors refer

3.21

type test

EMC test for a sample item of equipment to ascertain that its design meets the requirements
expressed in this standard
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3.22

port

particular interface of an equipment with the external electromagnetic environment through
which disturbances may be suscepted or emitted (see figure 1)

NOTE Conductive interfaces may also consist of cables, grounding bonds, or mechanical interfaces such as pipes
and mounting provisions.

Enclosure port

/O siglnal and
AC power port controrport
EQUIPMENT
DC power port Ground ¢
<
IEC 1521/99

Figure 1 — Examples [for pornts

O

located therein (see figure 2):

3.23
zones
areas characterized by sensitive and/or/disturbing de

— deck |and bridge zone: eiving and/or transmitting fantennas
and the wheelhouse a , Characterized by equipment [for inter-
communication, signal processi dIs vication and navigation, auxiliary gquipment
and large openings ture;

— generqal powe{th
— specipl poweNgistH Nareaxcharacterized by propulsion systems, bow thrusters,
etc., producing ef i

g the limits given in table 3;

— accof fips characterized by equipment, carried on poard by
passH , persons to be operated therein.

3.24 (¢
normal c
equipmer ips operation such as machinery, control equipment and small static copverters

3.25
cable selection
cables of similar signal types and levels are selected and assigned to the same category
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Special power \
distribution o o ol
zone \T I !
~y —d—
~ | |
Or other way . @ '
M of decoupling | |
3~ ' _74’_1\
cgo Propulsion systems,
bow thruster, etc. /\ \
T wﬁ oV
Gengral
power Normal
distripution consumers
zone - 230 V
[
Norma
consu
] | l 115V |
| \T ¢ |
! Passenger '
| acecammadation oan A |
D kb A
Deck and _ 1 230 V
bridge zone 1
Radiocommunication and navigation,
intercommunication, signal processing, etc. EC 1522700

Figure 2 — Schematic diagram of zones (example)
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3.26

cable separation

cables of different categories routed with intermediate free space in order to reduce inter-
ference crosstalk

4 General

Ships’ equipment and systems can be subjected to various kinds of electromagnetic distur-
bances conducted by power or control lines or directly by the radiated 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.

The indiviidual equipment of a ship can also be a source of electromagnétic dj es over a
wide frequency range, conducted through power and signal lines, ordixestly ragdi ffecting
the perfofmance of other equipment or influencing the external el i ;mnt.

The acceptance criteria for the tests for immunity requiren 3 formance

For the gmission limits, the objective of these requiréments is\to edsure\that the disturbances

generatef by the equipment and systems do no \ could prevent other
equipme

NOTE 1 T nment and
have been

NOTE2 T rference to
radio recei ).

NOTE 3 | N3 mto a
transmittin romagnetic
immunity b

5 EM(Q

5.1 Ob

Prior to ¢ test plan shall be established. It shall contain §s a mini-
mum the

Tests délai is-'standard are normally conducted as type tests and shall be carried out
whenevef C test laboratory. For EMC test procedures, reference ig§ made to
IEC basif owever, in cases where type tests are impracticable (dimension of EUT,

functional eontrol, /), individual tests may be performed, if necessary in situ, in accordance
with a tailared test procedure

5.2 Configuration of 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).
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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 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 cables shall be used during testing in a representative configuration.

%&ables are

Interconrlecting cables shall be standardized types (see table C.1).
required,[the manufacturer of the EUT should provide the specificatig

5.2.4 Auxiliary equipment

erated shall be
feasiblg types of

A list of all auxiliary equipment shall be provided. The auxi
sufficient/ to simulate all realistic operational conditions
operation| can be performed.

5.2.5 (abling and grounding

cordance
all be no

The EUT|shall be connected with all nece
with the [manufacturer's specifications ~a
additional grounding connections.

5.3 Test pre-conditioning
5.3.1 Qperational conditio

shal’be defined by the manufacturer beforg¢ testing,
considering that only pctions of the equipment can be tested, for| example
analogue| signals % magnitude, or digital signals with typical impulse
trains. Particular [ ll bepait to the choice of critical mode.

Typical gperatin

5.3.2 H

< . . .
EMC tes ed under normal environmental conditions. Normal environmental
condition consist of any convenient combination of temperature in the range +15 °C

to +45 °(Q e/humidity in the range 20 % to 75 %.

When it is impractical to perform the tests under the environmental conditions defined above, a
note to this effect stating the actual environmental conditions prevailing during the tests 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 EUT shall continue to operate as intended 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. During the test,
degradation or loss of function or performance which is self-recoverable-isshowever allowed

but ng change of actual operafing state or stored data is allowed.
Perfofmance criterion C
Temporary degradation or loss of function or performance is altQ i }fter the
test, |provided the function is self-recoverable, or can be ration of
the controls as defined in the relevant equipment standard an ‘ cification
publighed by the manufacturer.
5.5 Scope of EMC testing
Each tes ment test
matrix in % | ¢ the tests
and the test set- ups are given in the | \ and 7.2.
In additign, i - of the tests are g|v=n in this
standard the application in detail.
Performdnce criteria for the able 1
NOTE Nor|
6 Emis
6.1 Co
Measurements.shall be s ithh€ EUT in the operating condition that produces the highest
emission i band being investigated (see clause 5).
NOTE 1 '@ Issiop limits covered here are given on a port-by-port basis.
NOTE 2 T i issign Afequirements within the range of receiving frequencies presume in the|bridge and
deck zone p miniAum distance of 3 m between the emitters and the receiving antennas. For smaller distances, an
extra comp i

Measurenmentsstrattbeperformed-imwettdefimed—amdreproducibte comditionsforeach type of
emissions.

The description of the tests, the test methods and the test set-ups are given in the basic
standards as stated in tables 2 and 3. Measurements shall be performed with a quasi peak
detector.

The measuring bandwidth of CISPR 16-1 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 2000 MHz. According to IEC 60945 the measuring bandwidth shall be 9 kHz in the
frequency range 156 MHz to 165 MHz.
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6.2 Emission limits

NOTE 1 Equipment not permanently installed which is intended to operate in the passenger accommodation zone
is not required to comply with any emission limits.

NOTE 2 Precautions should be taken for a sufficient decoupling of the accommodation zone from all other zones.

6.2.1 Emission limits for equipment installed in the bridge and deck zone

Table 2 — Emission limits

Port Frequency range Limits Basic standard
Enclosur 156kHzto-306kH=z 86 UIB}.{‘V'IIIII to52 dBp‘V’I’III V4 \\.ﬁ PR-16-1 *
(radiated emission) '\&
300 kHz to 30 MHz 52 dBuVv/m to 34 dBuvV/m ISPRAB-2 *
30 MHz to 2 GHz 54 dBpVv/im
except:
156 MHz to 165 MHz 24 dBpVv/im @ N\
Power, 1/Q 10 kHz to 150 kHz 96 dBu\Vfo 50 dBpu 2 CISPR 1j6-1

signal and control

(conductgd emission) CISPR 16-2

150 kHz to 350 kHz B\ 50 n@v
350 kHz to 30 MH<\ 50 dBuVv

N

* Measured in a distance of 3 m.

6.2.2 Bmission limits for ip neral power distribution zone
on limits
Port & ) Limits Basic stapdard
Enclosureg 80 dBuV/m to 50 dBuV/m CISPR 16-1 *
(radiated emission)
60 dBuV/m to 54 dBpV/m CISPR 16-2 *
54 dBuV/m
< \ 156 \WHz to 165 MHz 24 dBuV/m
7\ 10k
Power, 1/ 10°kHz to 150 kHz 120 dBpV to 69 dBuV CISPR 1b-1
signal and control
(conductdd.@rhission) 150 kHz to 500 kHz 79 dBuVv CISPR 16-2
SUU :’\HL U ovU I.V‘IHL 73 UIB}.{‘V'

* Measured in a distance of 3 m.

NOTE 1 Between the bridge and deck zone and the general power distribution zone an RFI filter should 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.

NOTE 2 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.
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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.

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

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

AN

7 Immpnity requirements

7.1

The measurements shall be made with the EUT operating sud
allows the required performance criteria to be recognized (se

The config

The tests

7.2 Mini

Conditions during the immunity tests

Table 4 —@Mty%eme ts for ship equipment

ionMo [the tests
e Cla

oted in the test report.

Port Phenomepo r- Test value
st da formance
criteria
AC power Conduc\ét{ G 6\({(9)16 A 10 % AC supply voltage 50 Hz to 9p0 Hz;
frequenc erference 10 % to 1 % 900 Hz to 6 000 Hz;
g/\ 1 % 6 kHz to 10 kHz
ari IEC 61000-4-11 A voltage: +20 % for 1,5 s
frequency: £10 % for 5 s
< wer SBQRy fallhf\ IEC 61000-4-11 C 60 s interruption
N
ctrivelf Went IEC 61000-4-4 2 kv®
(bur:
Slrge vM IEC 61000-4-5 B 0,5 kvb /1 kv?
Conducted radio IEC 61000-4-6 A 3 Vrms®); (10 kHz) ® 150 kHz to 80 MHz
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 Voltage + 20 % / — 25 % equipment non-
connected to battery
Power supply failure IEC 61000-4-11 C 60 s interruption
Electrical fast transient | IEC 61000-4-4 2 kvd
(burst)
Surge voltage IEC 61000-4-5 0,5 kv /1 kv?
Conducted radio IEC 61000-4-6 A 3 Vrms?¥; (10 kHz)® 150 kHz to 80 MHz

frequency interference

sweep rate <1,5 x 1072 decade/s”)
modulation 80 % AM (1 kHz)
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Table 4 — (continued)

Port Phenomenon Basic Per- Test value
standard formance
criteria
1/0 ports, Electrical fast transient | IEC 61000-4-4 B 1 kv
Signal/control | (burst)
Conducted radio IEC 61000-4-6 A 3 Vrms?; (10 kHz) ® 150 kHz to 80 MHz
frequency interference sweep rate <1,5 x 1073 decade/s
modulation 80 % AM (1 kHz)
Enclosure Electrostatic discharge | IEC 61000-4-2 B 6 kV contact/8 kV air
(ESD)
Electromagnetic field | IEC 61000-4-3 A 10 V/im®
80 MHz to 2 GH
sweep rate < 072 decave/s
modulation 80, % 1K
NOTE 1 Eduipment not permanently installed which is intended to operate in nger ‘ascommoddtion zone is
not required to comply with any immunity requirements.
NOTE 2 Precautions should be taken for a sufficient decoupling of the passexngeR~accommgodation zgne from all
other zones
D Line to line. \>
2) Line to grpund.
3) Capacitive coupling. 6
4) Coupling lamp.
%) Special siftuations to be analyzed.
6) Test procpdure to be described in the test rep
) For equipment installed in the bridge and de hall be increased to 10 V r.m.s. [for spot fre-
quencies|in accordance with 4 8,8/22/25 MHz. For screened cablgs a special
test set-y
7.3 System aspects
If higher|levels es ena under special system aspects are rlecessary
(for exam ipne smitting antenna) the immunity shall be incfeased or
mitigatio
8 Test
4
The test recorded in a comprehensive test report. The test report shall
accuratel mbiguously and objectively present the objective, the results and all
relevant jnformation.of the tests. The test report shall clearly define the EUT, incliding the
Cab'e |a§v ||t, cahle f\]lpne and the nllvilinr\]l nqllipmnnt used- An\]l deviation fram the MC test

plan shal

| be mentioned.
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Annex A
(informative)

IMO Resolution A.813 (19): 1995

INTERNATIONAL MARITIME

ORGANIZATION ‘f \4
M \\} A 19/Res 813
a4 18 December 1995
- Original: ENGLISH
IMO
ASSEMBLY | L
19th session
Apenda item 10
RESOLUTION A.813(19)

adopted on 23 November 1995

GENERAL REQUIREMENTS FOR ELECTROMAGT ATIBILITY (EMC
FOR ALL ELECTRICAL AND ELEC

THE ASSEMBLY,
ization

fitime

steps
other
evant
fe at

ible to

da

trical

at its

ES Governments to ensure that all ship's electrical and electronic equipment is tesfed to

— e Tetevantetertronmagetic compatibility starrdards:

* 1EC Publications 533 and 945.
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Annex B
(informative)

General EMC planning procedures

B.1 Introduction

This annex contains guidelines for achieving EMC for ships and their equipment. The general
procedures for achieving EMC are described.

By using this standard, an adequate consideration of EMC matters in the planning, construction
and operm‘inn stages can he reached This allows EMC measures ta b€ realized in timely

fashion during the course of the project, whilst respecting the necessary
'?enance
by the

During the lifetime of the ship, it is important that the EMC is no
procedures and that, for modifications and extensions, mainte
applicatign of minimum requirements.

B.2 Gdneral procedures

er\responsibleNfor theoverall performance of
a guality related feature, it is

The aim of this annex is to support the manufactu
the ship [in ach|evmg the EMC of the system,
necessar 2 8

Dependir] agement needs to control ang monitor

the followi

- EMC

— plann

— checking EM .
— checHKing imp@ : f eness of EMC measures in the system;
— ensuling EMC me i ecfive during the system's lifetime.

B.3 EM
B.3.1
1

For most i MC management is a general management task, normally|assigned
to one rgsponsible peyson. Appropriate skills are expected to be found in the electrical and
electroni¢ departm 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.

B.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.

B.3.3 E

The basi¢

B.3.4 R

The initial analysis of the

a)

b)

c)

d)

AN

carry
estab
defing

MC management tasks
sequence of management tasks to achieve EMC is as foll

out a rough EMC analysis;
ish EMC requirements for the equipment;

defing installation recommendations;

defing
discu
perfo

Whid

The {
influe
Howe

b required operational conditions;

b quality assurance measures;

5s results of preceding steps;

m additional EMC measures.

bugh analysis

h equipment
rimary

hced. Be

with receiving antennas?

ment

adiation. Only strong radiating equipment in the

need be conS|dered

:E may be
etal hull.
sidered.

leck and

ines and

distance.
nd equip-

Which electronic equipment could suffer interference from inadequate network quality?

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

B.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,

necessitate design constraints or additional EMC measures.

in many cases,
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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.

B.3.6 EMC interface agreements

When simultaneous operation of equipment combinations is subject to the risk of mutual EM-
interference, the contractor should require the suppliers of the equipment to come to an
agreement about measures necessary for undisturbed operation. Such an agreement should
describe measures, responsibilities and quality assurance procedures.

B.3.7 Installation recommendations

Installatign recommendations with special considerations of EMC are nex C of

this standard.

Special ipstallation requirements may result from the rough analy
between devices is mandatory.

h spacing

B.3.8 Agsessment of conformity with EMC regulations

Assessm $surance.

Appropriate measures may be assigned to one o

— equipment level;
— proddction supervision level;

— system level.

Similar to| operation
between

B.3.8.1

For equi : If such
certificate dividual systems, agreed tests should be carried out in
cooperat

B.3.8.2

During th . Special
attention between
radiating bnnection

to susceptible equipment via the same busbar must be avoided, etc

B.3.8.3 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 those devices off and on that are likely to produce inter-
ference.

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

1) Government authorities, notified bodies, classification societies, etc.
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B.3.9 Additional measures

If, due to the complexity of the ship, additional measures beyond the basic tasks described
in B.3.3 are required by the appropriate bodies, an analysis as described in clause B.4 should

be carried out.

If this analysis reveals the need for additional EMC measures, planning and realization should

be performed as described in clause B.5.

The verification of the efficiency of the above-mentioned EMC measures is carrie
testing and inspection as described in clause B.6.

AN

B.4 Ful|l EMC analysis
B.4.1 Ggneral

EMC anglysis can be used to specify limits for equipment and uni

d out by

s. A flow

chart for|the analysis of equipment is given in figure B.1. A~simWar roct iefs to sub-

systems.

necessar
preparing

B.4.2 E

In the cape of a full EMC analysis, an Y N up. EMI relevant data on {

f equipment, potential emitte
as susceptible device of di c e matrix. At each of the cross
analysis [s performed tp g he pieges of equipment interfere with one
The result is noted by|meag crosspoints and then the matrix is

Conclusipns can e dra oncerning the EMI levels of the equip
EMC megsures to be’tak

Figure B, ~ an electromagnetic interference matrix (EMI matrix),

of distur columns, and susceptible devices of disturb
recorded|i . L, will normally appear in both the columns and the ro|
piece of i i d/by a matrix number. In addition, data from the electrog
environndenty i

B43 C

is often
example,

he ship's
s as well
points an
another.
hnalysed.
ment and

Emitters
ance are
ws. Each
magnetic

To condu IS

— emission and immunity levels;
— dimensions of equipment;
— distances between the units;
— data concerning cables, both power and signal cables;
— electric and electronic data of the equipment, such as:
- power;
. frequencies / frequency ranges;
« the sensitivity level of receivers;
« the transmitting power of transmitters, etc.
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Also necessary are:

— data concerning the details of the installation;
— levels in the electromagnetic environment.

Preferably data from test reports has to be used. If this is not available it may be necessary to
estimate levels on the basis of the operation of equipment. These levels can then be employed
until more accurate ones become available.

The way in which the equipment is installed and cables are connected needs to be known. This
applies to the equipment configuration, the cable laying and the distances between these
items. The EMC measures already planned for the system need to be knowa—

A questidnnaire may be helpful to obtain this data from the equipment sdppli

B.4.4 Dhpta processing
B.4.4.1 [EMI sheet
For each[ equipment the data is collected in a data bas C - Ml sh:et". This

document is given a number, which is recorded in the | of data.
The shedt can be replaced if there are any changes ¢

B.4.4.2 [Frequency surveys

On the basis of the data collected a frequancy sur produeéd for the operating frgquencies
and theiI harmonic components. Thig 3 to all frequency ranges |[in which
equipme issi it or below the immunity|limit. An

example s given in figure B

It is pradtical to carry [out t » ne for conducted interference ang one for

radiated [nterferenge.
The survey is e@ several transmitting and receiving pieces |of equip-
ment of ey can be used to find out whether transmitting and

receiving e same frequency bands.

B.4.4.3

Level SLﬁ ingdi the\emission and immunity levels in the frequency ranges. Fjgure B.4
gives an i urveys often only record levels that deviate from standard |imits: for

example,| the(e level of a transmitter or the immunity level of a receiver. By|including
the limitg centained~Nn the relevant EMC-specification, it is also possible to see how [far these

1 -t H H IH H'S fall baol +la H HY IH 'S
|eVe|S elt ICT TAUTTU UITT TITINNOoOITUTT 1T1TTTITto UT TAIT UTTUVY UI'TT IIIIIIIUIIII.y Tmrrrto.

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.

For interference resulting from crosstalk, the coupling impedance must 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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Compilation
of EMC-data

Framing matrix

Frequency survey

Level survey
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Examination of
frequency and
level surveys

VAN

iptior! of

exceptions

7 Remedial
measures can
be carried out

Exception
can be
tolerated

T

Change concept

Figure B.1 — EMC analysis, flow chart

All
combinations
of equipment
compatible

EMC of equipment
combinations
fulfilled or accepted

IEC 1523/99
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Figure B.4 — EMC analysis, level survey
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B.4.5 Completing the matrix

A rough estimation of the possibility of interference between the emitters and the susceptible
device of disturbance 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,
this is indicated in the matrix by means of the symbol "0O"; if interference is shown to be
present, this is indicated by means of the symbol "#". If necessary, the value a in dB can also
be recorded.

AN

Symbol Meaning /\

- No interference possible \

+ Interference possible or present

O Interference possible, but shown by @&nalysis\jotXowbe
present

# Interference present or proba&ﬁe,/aq:ohﬂqg\fwalys
# Interference present, an awc rding-tonanalysis
a(dB)
‘ ij/

B.4.6 Chlculations

establish

For every crosspoint in the matrix where
i ptible to

whether [the equipment i tuxb
disturbance.

For this purpose, emi
are calcylated f
the equipment.

The calclilations
margins
calculatid
In practig
4

turbance
levels of

rescribed
ts of the
sufficient.
Brence.

B.4.7 C ions ty bedrawn from the matrix

Once theg ‘\EMI matrix has been completed, it will show which equipment is likely to cause
interference. O IS basis, Measures can be defined. These may mvolve Improving the equip-
ment or introducing EMC measures into the system.

B.5 Additional EMC measures
B.5.1 General

If loss of function is to be expected as a result of EMC analysis, measures for limiting 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 C contains a
catalogue of measures which have proven practicable for all cases.
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B.5.2 Limitation of electromagnetic emission

The majority of electrical and electronic equipment emits unwanted high-frequency electro-
magnetic oscillations (disturbing guantities). 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. 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 radiocommunication and
navigation equipment and systems.

B.5.3 Limitation of plpr‘tmmagnprir influences AN

In a ship| it is essential to consider disturbance of electronic equipment cauge mqenomena

in the elgctrical system itself as well as by field intensities of transn(fi stems$\ Typical

exampleg are:

— voltage drops at start-up of electric motors;

— voltage drops at switch-on of other electrical loads, for& I, heating
and lighting installations, voltage rises at switch-off of-e

— low and high frequency AC contents, caused by/emjssi installed
equipfwent;

— high-frequency oscillations in the ¢ bsonance
produyced by switching activities;

— pulse

— electn the hull
and/o

— radiated disturbances i itti he ship.

The typel|and level of § chniques

on-board| ships. th sion and

immunity|levels @ i

B.6 EM

B.6.1 E

All equig] bds to be

measured tandard.

B.6.2 S

B.6.2.1 Visual inspection

The realization of the EMC measures during the building phase of ships should be controlled
by the following procedure:
— verification of the separate cable routing;

— verification of the cable screen ground connection for compliance of the maximum
allowable length of the bonding 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 connection.
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B.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.

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
clause B.4).

B.6.2.3 Periodical tests during lifetime

To avoid|compatibility degradation, documentation and installation desefipti d include
details of equipment maintenance and cabling to be considered a [ i nce and
regular checks. It is expedient to plan timely intervals for these m i }nce in
the documentation, which should coincide with the time framewg iispection
by the clgssification society.

Staff shquld also be encouraged to record any interfere is should
then be ipvestigated and corrected during maintenang d back to

the designers of the ship for future reference.

&
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Annex C
(informative)

Measures to achieve EMC

C.1 Applicability

This annex contains guidelines and recommendations for organizational and technical
measures to achieve eIectromagnenc compat|b|I|ty (EMC) in sh|ps and in ships' equipment.
These preventi ) ' ial cases,
non-elecfric equment

These glidelines and recommendations have proven successf
however,[under certain circumstances, additional measures mayA
the desirg¢d level of EMC.

?ication,
achieve

Use of these guidelines and recommendations will help_en
achieved|for items of equipment will be maintained in 2

C performance

C.2 Ggneral technical measures

Effective \ 2 ip's crew
and of the vessel nor the reliable operati f ic i i i way be
jeopardized.

IEC 60092-101 and IEC 608092

EMC medgsures should(eq
— decouypling t@

— redudgtion of th
— incred

The follo
4

— ScCree

— groun(di

— suitaljle.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 C.2.2, C.2.3, C.2.4 and C.2.5. Other measures are related to
equipment and installations and details can be found in clause C.3. Organizational measures

are described in clause C.4. Special recommendations or comments concerning equipment,
items or individual installations are detailed in groups A to F of C.2.1.
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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
for the integration process need to be taken, or if these measures have proven recommendable
in practical applications, or, again, exceed those detailed in C.2.1, groups A to F, such

measures have been listed in group G.
C.2.1 Equipment and installation groups

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

Examples: transmitters and receivers for maritime radio communication and navi-

gation services and on-board communication systems

Group B:] Power generation and conversion equipment
Typical properties: broadband interference
Examples: rectifiers, inverters, converters (power e

lamps

Group C:;| Equipment operating with pulsed power

Group D:

Group E:

Group F:

Group Gi

ctronicg),~otating cd

nverters,

, electric

Example: navigational equipment with sensors in the upper deck area as well as
keel area, integrated propulsion system, cargo monitoring system with sensors and
equipment in different zones.
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C.2.2 Screening

Equipment and devices need to be effectively screened, i.e.:

— install

ation in metallic enclosures;

— use of screened cables, including suitable cable glands, preferably at the cable entry point

of me

tallic enclosures;

— utilization of metal bulkheads and decks for screening, and grounding of cable screens at

penetration points where possible.
C.2.3 Groundin
tnding N
All metallic enclosures and metallic equipment items need to be effeCti N
requiremgnts of the equipment manufacturer should be observed.

The aim

bf all grounding procedures is to unite the reference pote

ded. The

uipment

items.

In principle there are two different ways to minimize an different
referencg conductors:

— grounding of reference conductors in a star pa

— grounding of reference conductors

In the star grounding pattern, all referenge cend ected to one single point, i.e.
the ground point. Only this single ground point ave a conductor to the ship's structure.
For a grqund plane pattern, all reference conduecters ild be connected to the ship's struc-
ture at the closest possible™point and a asy points“as is feasible. The result is|a ground
referencq grotnd-lgops and smallest possible inductahce.

The follo e-proper grounding method:

— the sfar patte@x ¢ C and AC up to 10 kHz;

— the g
— either

The ¢
All grouny

— lowH
— small

kHz.

— vibraf

P ot £ + A A + .
JTTTColotalnive UT CUTITITUIUT O AlTu LUTTUuULivTr o,

— corrosion resistance;

— access for routine inspection.

All contact areas must be metallically clean, free from paint or oxides or other insulating layers.
It is recommended that corrosion protection spray or paste is applied at each contact point
before final assembly. Solid metal strips of minimum length should be used instead of flexible
braided bands. Ground loops should be kept to a minimum.

In order to avoid interference by undefined bondings all non-electrical metallic items on the
weather deck with a dimension exceeding 1 m (for example rigs) should be connected to
the ship's structure by means of good electrical connection. In exceptional cases an object may

be electri

cally insulated.
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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.

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. /TN

Metallic floors, protective covers, etc. should be connected to the
means of short, separate and possibly flexible conductors.

sures by

Pieces of cable trays and protective cable piping should have\electh jons to each

other and to the ship's structure at as many points as possipie:

Metallic metallic
enclosur le, and at
least on
For shipg including
ground p
c24 C

ahufacturer, including cable seleg¢tion and

The inst 6
cable roiting, should b afation into categories according to| different

signal types, and sabl i ith~N te nediate free spaces should be used ag a major
preventivie mea

Basically
otherwisd

tructure should be metal sheathed, metal braided or

Independ i belong to, cables in category 1 up to and including chtegory 4
may be b

exceeding. 4/m sho be installed with an intermediate free space of 10 cm minimum| between
the different-categeries-efecables-

Single CE bundles of cables of different categories which run parallel for gistances

The same requirement should be observed for cables of the same category but with differing
signal levels.

Cables belonging to category 1, 4 and 5 should be affixed to a metal surface (deck, bulkhead
or cable duct). The metal cable ducts should not be insulated from bulkheads.

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

Cables for Level Emission/ Cable Cable type 4) Applicable
immunity category standard
rating
Radio receiver signals? 0,1 mV to Extremely 3 Coaxial IEC 60096-1
) ) 500 mV sensitive
TV receiver signals
Video signals
Analogue and digital 0,1Vtoll5V Sensitive 2 Twisted;
signals single screened;
. screened twisted pai IEC 60092-374
Telephone signals P IEC 60092-375
) IEC 60P92-376
Loudspedker signals
Control signals
Alarm sigpals <\
X
Power supply? 10Vto 1000 V | Potentially 1 4 Betqw\deck: IEC 60p92-350
disturbing cree ; IEC 60P92-353
Lighting /\ bove deek:
/\\Suxeen
High-powgr 10V to 1000V Extremely V) oaxial; Specia| cable
transmisgion signals djsturbing s eenedypower
Pulsed high-power <
signals?
High powgred semi- Twisted, screened IEC 60P92-350
conductof converter (\ IEC 60P92-353
Special applications <\F S ciaﬁ\) \\>
Fibre optics / -
1 Equipn unication and radio navigation should be fitted with
screen
2 Recei edwith double screen cables or coaxial cables inside protective
piping,|
3) Cabled echosounders should be double screen cables or coaxipl cables
inside
4 The "filli as required by the IEC should be adhered to and the transfer inppedance
at 10 IEC 60096-1 should not exceed 30 mQ/m.
Cable sqreens ould, be connected in connection boxes or cable drawing boxgs. Cable
screens ghieuld notNge used as the return conductor for operating circuits except the outer
conductorofecoaxtatcabte:

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

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 necessatry.

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

It is recommended to ground cable screens circumferentially at those points where cables
penetrate the boundary between the free deck and the ship's interior. These grounding areas
must be protected against corrosion.
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C.2.5 Filtering and overvoltage protection

The application of filters, components for overvoltage protection and the combination of both
enables the manufacturer to reduce the coupling of conducted interference without simul-
taneous 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).

C.25.1

Filtering

Filters may be applied to the emitter of disturbance as well as to any susceptible device. Filters
should be applled to the emltter especially When there |s only one emltter or |ts emission level

is consid
be prefe
when the
decision

configuration.

If, during
requirem

determine

units, to

C.2.5.1.]

impedan
system. A
the inser
loss shoy

Selection

— insert
— atteny

—  numbe

— imped

red, when its susceptlblhty is very h|gh compared W|th other >
number of susceptible devices is less than the number of enfi
fo apply filters must be based on a trade-off between effici

the design stage, filters seem voluminous and
ent for high insertion loss or for high currents,

e of the equipment and at
\s these impedances normall
lion loss require
Id be considereds

criteria

on |OSS;©

vice is to

vices, or
ered. The

i yofthe

e to the
made to
cables or

d by the

br supply
her hand
insertion

- Ieakai
— electric_strength.

To maintain the filter characteristics under all operating conditions the following requirements
should be considered at the design stage.

C.251.1

.1 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.
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C.2.5.1.1.2 Carrying capacity / 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 temperature: the higher the temperature the lower the permissible current (as specified
in the data sheets).

C.2.5.1.1.3 Operational frequencies

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

C.2.5.1.1.4 Environmental conditions

ire e&s given

The selegcted components should be in accordance with the environh
for the inptallation.

C.2.5.1.2] Signal filter

The system environment defined by the EMC advisoty { nterfaces
and the gignal transmission characteristics should

Especially in systems with long cables induced
interfererjces. The inserted filters mus rmissible
manner. q

Selection criteria

— inserffion loss;

- typecfsign

— matching to the ¢hdrs pceiver;

— crossttalk of

— perm

— perm

— envird

C.2.5.2 Overvoltage protection

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

NOTE 1 Care should be taken that protection is also ensured in case of over-voltages with steep flanking pulses.

NOTE 2 Care should be taken that the subsequent current is limited after arrestor response.
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C.2.5.2.1 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.

The wanted signals must have a sufficient separation from the breakdown voltage of the
intended diode.

Selection criteria RN

— minimum insertion loss for wanted signals (in general <1 dB);

— maximum return loss (estimated value: a = 20 dB);
— sufficjent peak power dissipation;
— minimum dissipation of intermodulation (for certain applian \ freqengy range).

C.3 Special measures for equipment groups A 10

Equipme commen-
dations o mpiled in
groups A

C.3.1 Measures for group A

This group includes all €quip including
equipment and installations\for and their
auxiliary pquipment.

iary eq@

The auxil

auxili two-wire,
four-wi juipment,
powef
Power s adiocom-
municat gth as far
as practi

C.3.1.1 |Equipment$election 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 the antenna cable inside the deckhouse will be of minimum length.

Sufficient decoupling of equipment from surrounding items should be observed when equip-
ment is installed in desk consoles. The original equipment enclosure should be used, or an
equivalent screening measure should be taken.

Isolating transformers with an internal screen winding should be used. The screen winding
should be grounded.
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