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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 370: Guidance on the selection of cables for telecommunication

and data transfer including radio-frequency cables

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ization compfising
all national electrotechnical committees (IEC National Committees). The obj s |to prgmote
international co-operation on all questions concerning standardization in the elect{i electronic fields. To
tHis end and in addition to other activities, IEC publishes International Standarg ot} ions,
Technical Reports, Publicly Available Specifications (PAS) and Guides “IEC
Plblication(s)”). Their preparation is entrusted to technical committees; any psted
i the subject dealt with may participate in this preparatory work. non-
gpvernmental organizations liaising with the IEC also participate in fkj osely
wjth the International Organization for Standardization (ISO) in &dccorda d by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an internagional
consensus of opinion on the relevant subjects since eac ee has representation from all
interested IEC National Committees.

3) IBC Publications have the form of recom ional
Cpmmittees in that sense. While all reaségpabl f IEC
Plblications is accurate, any
mjisinterpretation by any end user.

4) In order to promote international uniformify, IEC_NatiogaNCommittees undertake to apply IEC Publications
trensparently to the maximum extent possible gence
beétween any IEC Publicatioprand the ed in
tHe latter

5) IHC provides no markipg proce a any
equipment declared to be

6) A|l users should

7) Np liability shall attdc s dires mployees, servants or agents including individual expert$ and
members of its technd S E ational Committees for any personal injury, property damajge or
ofher damage of Any w whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the \publi t|on use of, or reliance upon, this IEC Publication or any othef IEC
Ppblications

8) Altention is §rawn references cited in this publication. Use of the referenced publicatigns is
indispeasahleXor the-carre i

9) AltentionN Mo\ to ssibility that some of the elements of this IEC Publication may be the subjgct of
patent rightS\IEC€ shaN not™e held responsible for identifying any or all such patent rights.

The|main task of IE€ technical committees is to prepare International Standards. However, a

techpical committee may propose the publication of a technical report when it has collected

datq ofca different kind from that which is normally published as an International Standard, for
exar lpzc “stateof-the—art-

IEC 60092-370, which is a technical report, has been prepared by subcommittee 18A: Electric
cables for ships and mobile and fixed offshore units, of IEC technical committee 18: Electrical
installations of ships and of mobile and fixed offshore units.
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text of this technical report is based on the following documents:

Enquiry draft Report on voting
18A/289/DTR 18A/302/RVC

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

This, pllhlir‘nfinn has been drafted in accordance with the ISQ/IEC Directives_Part 2

A lis
insta

The
the

* reconfirmed,
* withdrawn,
* replaced by a revised edition, or

mended.

rical

until

" in
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INTRODUCTION

IEC 60092 series of International Standards concerns electrical installations in sea-going
ships, and fixed and mobile offshore units, incorporating good practice and co-ordinating as

far as possible existing rules.

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

fixed offshore units owners and builders and appropriate organisations.

This| IEC/TR 60092-370 has been prepared by the maintenance team
subgommittee 18A.

Cables selected for installation onboard ships and on offshore

installed and are expected to operate in much harsher envirgoumeants\than’equixaléent

bas¢d types. The risk of mechanical abuse during installatia
tensjon and bending allied with extremes of temperature a

whigh these cables may be subject. If faults occur usl
experienced technicians may not always be readily avaitable

©

MT2 of the

IEC

Lally
land

s to

ent.
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 370: Guidance on the selection of cables for telecommunication
and data transfer including radio-frequency cables

1 Scope

This| Technical Report gives guidance and lays down the basic recommendations_foy| the
seleption and installation of shipboard and offshore unit cables intended for electricabsysiems
used in both essential and non-essential analogue or digital )

trangmission and control networks, including types suitable for high signals [(i.e.
signpls with a frequency of more than 10° Hz). These cables 4re i direct
connection to low impedance supplies. Where such cables are yeq i i s.drawn to
IEC |60092-353.

Cabl|es intended to have limited circuit integrity (fire resistan 2d by fire arg not

covgred by this technical report.
Fibrg optical cables are not included.

Subisea or umbilical cables are not included

2 [Terms and definitions

For

3

Cab bs of
intennational standard

Cab that
due 9-1,
IEC

4 Fundamental considerations

The|cheice of materials and cable construction should be suitable for the intended applicertion
and linstallation of the cable.

The high level of electrical performance associated with many modern cables is only achieved
by the accurate, consistent positioning of the various components within the cable. Careless
or excess tension, compression or bending can alter this relationship. This may then have
significant detrimental effects upon the fundamental performance of the cable at high data
rates.

Similarly these high levels of electrical performance can usually only be achieved by the use
of polymers and insulation systems that may not have the same reaction to fire characteristics
as the more traditional materials used in other marine cables. In recognition of this, careful
consideration should be given to the method of installation to select that most appropriate to
the particular application (see also Clause 8).
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5 Constructional considerations

5.1

Selection of conductor

Only circular copper conductors, either plain or metal coated, or copper covered steel are
recommended for use in a marine environment. Stranded conductors are recommended for
general use. Where the applicable product standard specifies solid conductors, consideration
should be given to the possible effects of vibration (due to the movement of the ship or
installation) or movement (due to motion of the ship or installation).

The

prnpnrtioc of copper conductors should be in accordance with |1EC 60228 Joints in

solid

cong

stramds are allowed.

NOTE

5.2

The
from
cabl

composite. The rated operating temperature of the i

high
whe

The
sho|

NOTE

use i
5.3

The
give

The

resp
integ

5.4

If a

uctors or complete stranded conductors are not permitted, however joints in indivi

When cables are subject to continuous flexing the advice of the manufacture/s
Selection of insulation

range of materials for use as conductor insulation sh
those listed in the IEC 60092-351 or as given in IE
es operating at the higher frequencies the insulatio

er than the maximum ambient temperature likel
e the cable is installed.

cores withih
h in the applicablg

bcreen isrequired,it may consist of the following:

) a(metallic laminated tape bonded to polyester and a drain wire in direct contact
the metallic side of the tape,

dual

cted

For
skin
D °C
bace

nded

ras
le.

with
juad

with

b) plain or metal coated copper braid,

c) a metallic laminated tape bonded to polyester and a drain wire in direct contact with

the metallic side of the tape with a plain or metal coated copper braid.

The construction of the screen, core screen or shield should be as listed in IEC 60092-350 or
the applicable cable standard. Care should be taken when putting dissimilar metals in contact
with each other. Coatings or other methods of protection may be necessary to prevent
galvanic interaction often encountered in the saliferous marine environment.

NOTE The type of screening should be carefully selected by the user in respect of not only the type of
disturbance, electrostatic or electro-magnetic, but also the mechanical hazards, and potential for corrosion,
encountered in the marine environment.
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5.5 Selection of outer protection

The range of materials for use as protective sheath should, where possible, be selected from
those listed in IEC 60092-359 which have been proven by experience to be suitable for use in
the marine environment. Materials listed in IEC 60096-0-1 and IEC 61156-1 may also be
considered, the material chosen should meet the requirements of this technical report.

The material selected should be compatible with the cable components with which it is in
contact and compatible with the intended environment and operating temperature of the cable.

the
IEC 60092 series, it should be ensured that the material used as the protective sheath| has
ade b i be
subj ers,
encq the
list ¢
Due ater
conq the
cabl P-4 .
NOTE
Also 9.
The i ceptable for cables for installation
onbgard a ship or offshore installation j
5.6
The The
type the
mechanical ha ’ a i rine
envifonment. Ca 2 3 \ her.
Coafings or other or ction
oftef encounteregd
6 Marking
Cab e or
trad
a) printing, indenting or embossing on the outer sheath,
b) 3 printed tape within the cable,

c) the inclusion of identification threads within the cable,
d) printing on the insulation of at least one core.

The marking should be durable and legible.

The spacings and dimensions of the indication of origin should be as given in the applicable
product standard.

7 Guidance on the selection of appropriate tests

Unless otherwise specified in the applicable product standard, tests should be made at an
ambient temperature of (20 £ 15) °C.
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This technical report defines, by the frequency range in the intended application, seven
classes of cable (Table 1) and in Annex A gives guidance in the selection of the appropriate
tests to be applied, related to each class.

Table 1 — Classification of cables by frequency range

Cable type Frequency range

1 f max <100 kHz

100 kHz <f>1 MHz

1 MHz <f>16 MHz

16 MHz(<f>1MHz
N

12/§<QHZ <r€2\5QM

N|lolo|b~|lw]N

200 Wit

NOTE All cables are backwards compatible. \ \\ \

8 [Guide to use \ \)

8.1 Introduction

Thelaim of this section is to inform d Timitations of electric cdbles

and [thereby to minimise misuse.

It is [assumed that the design of installatior d-the ication, purchase and installatign of
cables in accordance wit ! Hcalk repqrt Is entcusted to suitable skilled and compegtent
people.
In c@ase of doubt as to S covered by this technical report for a partigular
use,|further spef ) d\be eptained from the manufacturer.

8.2 | General

All dables shouiq & a suitable place until required. Consideration should be given to
secyrity and g \ i

Any|protett Y eka ould not be removed until the cable is to be installed.

Thelends of‘cablesssiould always remain sealed during storage and installation to prevenf the
ingress of water and other contaminants.

8.3 —Yoltagerating
8.3.1 Data and telecommunication cables

All cables covered by this technical report should be subject to electrical tests applicable to
their maximum rated voltage. Recommended maximum rated voltages for data and
instrumentation cables are:

e 60V a.c.
e 250V a.c.

The rated voltage of any cable should not be lower than the nominal voltage of the circuit for
which it is used.

NOTE These cables are not intended to be used for power supply.
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8.3.2 High-frequency radio communications cables

The voltage rating of the cable should not be lower than the nominal voltage of the radio
communication system in which it will be used.

8.4 Current ratings

The cables covered by this technical report are only recommended for use in circuits carrying
analogue and digital signals.

Where high power co-axial feeder cables are to be used, advice from the cable manufacturer
shoyld be sought.

NOTHE These cables are not intended to be used for power supply.
8.5 | Thermal considerations

It is recommended that the rated operating temperature of the gab g east
10 °C higher than the maximum ambient temperature likely to exist, ox{e in the
spage where the cable is installed.

These cables should not normally be run in groyps or bu bles
opellating at or near their maximum operating tempetatuye/ i the
opellating temperature should be based : q e of
any cable in the group or bundle.

All ipsulation and sheathing materials u : ~ their
temperature is lowered below the nlorm o 3 they
became brittle. This should hen comparing the minimum operating
temperature of the cable wi i t and application.

The| cable should be i thexrecommended environmental conditions bgfore

installation. Q

8.6 | Size of condd

The|selection i ductor should not be based upon the attenuation or the
eleclrical ché isti e\ circuit alone. Account should be taken of the mechanical

strength, the route, upon which the cable is to be installed. The dable
shoyld ke sUfficie & as to mitigate mechanical damage, and impairment of its elecfrical
integrity and_characteristies, during installation and subsequent operation in the condifions

encountered i e marine environment.

8.7 Radius of bend

The linternal radius-of bend for the installation of all cables-should be chosen :\r*r\nrrling to the

type of cable as recommended by the manufacturer such that the electrical integrity and
characteristics of the cable are not impaired due to disassociation of components within the
cable.

The minimum bending radius used should never be less than what is recommended by the
manufacturer.

Particular care should be taken when dressing cable, inserting cable into conduit, bending
around corners in conduit or at the transition from vertical to horizontal tray to ensure that the
cable is never bent below the recommended minimum bending radius.

NOTE Cable runs should be selected to keep the number of bends to a minimum.

Cables with class 5 conductors are not intended for flexible applications.
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8.8 Tensile stress

In assessing the risk of mechanical damage to cables, account should be taken of any
mechanical strains likely to be imposed during the normal process of installation of cables.

Cables should be so installed that the tensile stress applied to them either by reason of their
own weight or for any other reason, is minimised. Excessive tension can cause disassociation
of components within the cable resulting in the impairment of the electrical integrity and
characteristics of the cable. These precautions are particularly important for cables of small
cross-section and for cables on vertical runs or in vertical conduit or ducting.

The|distances between supports should be as recommended by the cable manufacturer|and
chogen to avoid excessive tension due to sagging in the cable. Careful ¢gonsideration_shjould
be given to cable runs along weather decks, when the cable run is the
cables can be subjected to forces by water washing over the deck.

The|mechanical strength of conductors should be sufficient for and
worKing conditions.

8.9 | Compression

Fixings and supports used should have a surface that
the gables remain tight without their coverings d to
ensyre that the forces applied by theSe fixipg$ rical
integri ble.
Installations should be such that tensjons\ii i i be
mini '

Whe rate
bulk gsive
force e to
disa s in
cabl

8.10

To gvoid the yi S age, data, telecommunication and high-frequency radio
communicatidns tat - got normally be installed within the same conduit or trunking
as cable i . is is i i ong,
rigidl andiconti

8.1

In ofder(toravoid as much as possible the effects of unwanted electromagnetic interferejnce,
atte tlon should be glven to IEC 60533 ThIS might be of part|cular importance for| the

instatatieneof-ecables A H 5 ging
to sensitive electronic control and monitoring systems.

Careful consideration shall be given to the earthing of metal coverings of cables to ensure
that safety of personnel and equipment is achieved as well as meeting the requirements of the
electrical characteristics of the circuit.

As general guidance, earthing of the metal covering at one end only will be effective against
static electricity, spikes and discharges. However, the cable may then act as an antenna.
Earthing of the metal covering at both ends will be effective against magnetic fields. However,
ground loops or circulating currents may be set up in the cable.

The metal covering of cables may be earthed by means of glands intended for the purpose
and so designed as to ensure an effective earth connection.
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The electrical continuity of all metal coverings throughout the length of the cables, particularly
at joints and tappings, should be ensured.

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

8.12 Terminations

Only approved proprietary terminations should be used when terminating essential, and non-
essential, analogue or digital signal, communication, transmission and control cables. The
length of sheath and protection removed should be minimised to prevent disassociation of the
components within the cable

8.13 Joints

Cable runs should not normally include joints. Where the use of j avoidable| the

advice of the cable manufacturer should be sought.

9 Performance in a fire

The|high-level signal transmission characteristics achi by s pes gt cables rely yipon
the Wise of polymers and insulation systems with reactiop i . os that may not mjatch
thosg of the more traditional materials listed in | € 60092-359, espegially
whefe cables are installed in large buneches. Thig y recognised and therg are
now|several possible solutions to it. G érati oulgMde given to each installation
to se¢lect the most appropriate method. 3 solutions relate to the installation
methods employed as well as material

a) Ipstallation techniques:
additional segr
b) General houii;
removal ofx€d

c) Materials and »

NOTE 1
NOTE 2 = icant
quantities of den 8, Whi ment

NOTE 3 FEorthe use of fire stops see Annex C of IEC 60092-352.

Not withstanding the foregoing, all cables should meet the requirements for flame as given in:

— |EC 60332-1-1 and IEC 60332-1-2,

— and IEC 60332-3-25. Unless otherwise specified in the individual product standard, the
cables should be tested in a touching configuration.

NOTE 4 If a cable or an insulated wire meets the requirements of IEC 60332-12, it cannot be assumed that a
bunch of similar cables or insulated wires will behave in a similar manner. The flame spread performance of
bunched cables is assessed by the requirements of IEC 60332-3-25. This performance requirement (i.e. for cables
mounted vertically in a touching formation) has been chosen to best reflect the installation conditions generally
observed on board ships. Experience has shown that the test for the flame spread of cables installed vertically is
adequate for horizontal installations, all other parameters being generally the same.

NOTE 5 Further information is given in IEC 60332-3-25.
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For systems intended to maintain electrical circuit integrity under fire conditions, the selection
of cable should only be made after consultation with the appropriate approval and regulatory
authority.

Requirements for smoke emission and acid gas evolution should be considered where
applicable and the cables evaluated in accordance with the following test methods and should
meet the requirements specified in the individual product standard: IEC 61034-2, IEC 60754-1
and IEC 60754-2.

@C@
G
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Annex A
(informative)

Table of tests

TR 60092-370 © IEC:2009(E)

Test Test basis Requirements Applicableto | T | S
cable
classification
General properties
Visugl Inspection Material free of cracks, splits, irregularities, foreign | 1,2.3,4,5,6 X | X
material, colour code and marking
Dimehsions Outer sheath thickness (\ 2, 4,5,\55 X
Electrical properties, low- frequencym \
Conductor loop IEC 61156-1, | The maximum value shall be < 19 Q/N\00 m\ 1,23/4,5,6 X | X
resisfance 6.2.1
Condluctor resistance IEC 61156-1, [ <2 % 3,4,5,6 X | X
unbalance 6.2.2
Dieleftric strength IEC 61156-1, 1 0 kV d.c. or 0,7 k a@ 1 m|n 1,2,3,4,5,6 X | X
condyictor/conductor 6.2.3
and donductor/screen 2 5 k/\or 1 . for(2 s
Insul@tion resistance IEC 61156-1, [ > 500 km\us <500 Wtage 1,2,3,4,5,6 X | X
6.2.4
Mutugl capacitance IEC 61156-1, | Measure a ecor. e tes report 1
6.2.5
Capalitance IEC 6 56\(< 16 /km\-) 2,3,4,5,6 X | X
unbalance to earth 6. 2[\
erties, high frequency
Velodity of < C 1156-< asedeldy 534 +36 /Vf ns/100m, 2,3,4,5,6 X | x
propggation /3\1 1 z<f2600 MHz
Propggation delay C6 56\ <45WsY100 m at 100 MHz 3,45 X | X
differgnce (skew)
<25ns/100 m at 100 MHz 6 X | X
Longftudinal g: 11\6€\1,/ ~ 0<1,910 8f+0,022 2 +0,21f, 1 MHz <f< | 2,3 E
attenpation )3 100 MHz
\ 5 X | X
- o <1,82+f+0,016 9 f+0,25 /Nf, 1 MHz < f < 6 x | x
250 MHz
- o <1,75f+0,01 f+0,2 Nf, 1 MHz < f <
600 MHz
Longitudinat TECBTT56-T, [ o < T1,5(1,970 8 NT+0,02Z ZT+0,2Z /NT,) TMHAZ ST < 2,34 X | X
attenuation 6.3.3 100 MHz
5 X | X
o < 1,5(1,82 Vf+0,016 9 f+0,25 /Nf), 1 MHz < f < 6 x | x
250 MHz
0<1,5(1,75 Vf+0,01 f+0,2 /f), 100 MHz < f <
600 MHz
Near-end crosstalk IEC 61156-1, | 24,0 MHz > f < 125,0 MHz, 65,3 -15logf 2,3,4 X | X
(NEXT) 6.3.5
>4,0 MHz > f < 250,0 MHz, 75,3 -15logf 5 X | X
6 X | X

>80,01 MHz > f < 31,25 MHz, 80 -15logf /31,25
31,25 MHz < f <600 MHz
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15—

Test Test basis Requirements Applicable to
cable
classification
Power sum near-end IEC 61156-1 >4,0 MHz > f < 125,0 MHz, 62,3 -15logf 2,3,4
Crosstalk (PSNEXT)
>4,0 MHz > f < 250,0 MHz, 72,3 -15logf 5
>77,01 MHz < f < 31,25 MHz 77,0-15logf /31,25 6
31,25 MHz < f £ 600 MHz
Equal level far-end IEC 61156-1 >4,0 MHz > f < 125,0 MHz, 62,3 -20logf 4
Crosstalk (ELFEXT)
=40 MHAZ =1 < 250,0 MHZ, 72,3 -20logt )
280,01 MHz < f 2 4 MHz 94-20 logf, 4 MHzf <
600 MHz, Values ref. to 100 m
Powdr sum equal IEC 61156-1 >4,0 MHz > f < 100 MHz, 61,0 -20logf ) 4
level ffar-end
crossitalk >4,0 MHz > f < 250,0 MHz, 65,0 -20logf
(PSELFEXT) > 91-20 log(f), 4 MHz < f < 600 MHz(77 48 hax. Y6
Values ref. to 100 m
Mean characteristic IEC 61156-1, | 100 £ 5 Q, 120 + 5 Q, at 100 z: f. 2,3,4,5,6
impeglance 6.3.10
Retuln loss IEC 61156-1 | > 20+5 log (f), 4 MHz \6%1\2 3,4
10 MHz < f < 20 MHz; <ls
100
> 20
<f<2 6
> 20+ )
< f <20 MH ) <
250 MKNz;1 f <600 MHz; f.f.s
Near|end unbalance IEC 61456-1 >4O 1 i3] d\B*J < f <600 MHz; f.f.s 2,34
attenpation N
Coupljing attenuation IEC 61 I\ = d 30 MHz < f <100 MHz; f.f.s 4,5,6
\Siﬁi- 0 teg 00) dB, 100 MHz<f<1 000 MHz;
Trangfer impedance C 6415631, m at 1 MHz; < 10 mQ/m at 10 MHz; < 30 1,2,3,4,5,6
\Q- J at 30 MHz
Scregning attenuation \ IEE 6 56- >55 dB, 30 MHz < f < 600 MHz; f.f.s Note - 1,2,3,4,5,6
measured to 1 GHz
/\\ Q \ Tests to assess installation characteristics
Crush resistance ob\\\[NEC\61#56-1, | 1 000 N/1 min/100 mm 34,56
the cgble 6M.8 L
Near end crosstalk, return loss and characteristic
impedance shall remain within the specified limits
Impatt resjstance of IEC 61156-1, | 12,5 mm radius/1 J/3 impacts at 1m from the 3,4,5,6
the cghble 6.4.9 measured end
Near end crosstalk, return loss and characteristic
impedance shall remain within the specified limits
Simulated installation IEC 61156-1, | Single bend 3,4,5,6
testing of the cable 6.4.10.3.2 .
4 x dia/10 turns/2 cycles
Near end crosstalk, return loss and characteristic
impedance and coupling attenuation (u/c) shall
remain within the specified limits
Simulated installation | IEC 61156-1, | “S” bend 3,4,5,6
testing of the cable 6.4.3

8 x dia/100 m/1 cycle/120 °/1 m/s

Near end crosstalk, return loss and characteristic
impedance and coupling attenuation (u/c) shall
remain within the specified limits
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