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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power,
control and instrumentation cables for shipboard
and offshore applications

1) The
com

intenational co-operation on all questions concerning standardization in the e

this

FOREWORD

International Electro-technical Commission (IEC) is a worldwide orgagization
prising all national electro-technical committees (IEC National Commlttees)

end and in addition to other activities, IEC publishes International

dization
bromote

ields. To
itications,

Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a erested
in the subject dealt with may participate in this preparatory waork. \ hd non-
governmental organizations liaising with the IEC also part|0|pate i i . IEC\collaborates]| closely
with| the International Organization for Standardization (ISO 3 it i ined by
agrdement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters & v @S possible, an interphational
congensus of opinion on the relevant subjects since e i \iitee has representation from all
intelested IEC National Committees

3) IEC|Publications have the form of recom ernational use/ and are accepted by IEC National
Conmittees in that sense. While all reasonable effqrt o-ensdre that the technical contenj of IEC
Publications is accurate, IEC cannot be i the way in which they are used or |[for any
misipterpretation by any end user.

4) In ofder to promote internatignal uniformit ications
trangparently to the maxi ivergence

betw

the latter.

5) IEC|provides no
equipment declﬁ?

6) All Users should € re

7) No ljability shall atta
menpbers of its t
other damage_of \any \pa
expgnses agrising_ oyt o
Publication

8) Atteption isd
indigpensable

9) Atteption is dkawn to the possibility that some of the elements of this IEC Publication may be the sy

pate

Nt rights--i ot be held responsible for identifying any or all such patent rights.

Intern
cable

tiohal Standard IEC 60092 350 has been prepared by subcommlttee 18A: CabI

icated in

for any

brts and
nage or
es) and
her IEC

ations is

bject of

mobile and fixed offshore units.

This third edition cancels and replaces the second edition published in 2001 and constitutes a
technical revision.

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

W)

o O T

the new insulating compounds contained in IEC 60092-351;
the new sheathing compounds contained in IEC 60092-359;
the publication of IEC 60092-376;

)
)
)
) the inclusion of cables up to 30 kV in the revision of IEC 60092-354;
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e) for use in a limited number of closely defined applications, the provision to allow the
design of a single core cable with a single extrusion covering, having a thickness equal to

that of both an insulation and sheath;

f) new tests for the determination of enhanced cold properties, oil resistance, and resistance

to drilling fluids.

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

FDIS Report on voting
18A/285/FDIS 18A/286/RVD

Full information on the voting for the approval of this standard can be fo
votinglindicated in the above table.

This plblication has been drafted in accordance with the ISO/IEC Ditective

The ligt of all the parts of the IEC 60092 series, under the
in shipgs, can be found on the IEC website.

The committee has decided that the contents of thig
the maintenance result date indicated on the IEC
the data related to the specific publicatign. At thi

* redonfirmed,
* withdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of tRis pub d at a later date.

9,

ort on

ations

d until
ch" in
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power,
control and instrumentation cables for shipboard
and offshore applications

1 Scope

This pprt of IEC 60092 provides the general constructional requirements_and tes metthds for
use inl the manufacture of electric power, control and instrumentat Copper
condugtors intended for fixed electrical systems at voltages up to 3 36) kV
on bogrd ships and offshore (mobile and fixed) units

The reference to fixed systems includes those that are subjected to the
movement of the ship or installation) or movement (due tQ lation)
and npt to those that are intended for frequent er i for frequlent or
continpal flexing use are detailed in other IEC speg mple IEC 60237 and
IEC 60245, and their uses are restricted to those( sit a'ons ichhdo not directly involve

The fo

2

The fo

of the

IEC 6(
cables

IEC 6(
shipbg
cables

op

sulb-sea and umbilical cables;

da

N¢

lowing types of cables are not includeds
ical fibre;

092-351:2004, ’Electrical installations in ships — Part 351: Insulating materi
ard\ahd offsWore units, power, control, instrumentation, telecommunication an

. E'

iment.
bdition

lectric

hls for
i data

IEC 60092-359, Electrical installations in ships — Part 359: Sheathing materials for shipboard
power and telecommunication cables

IEC 60228, Conductors of insulated cables

IEC 60331-11:1999, Tests for electric cables under fire conditions — Circuit integrity — Part 11:
Apparatus — Fire alone at a flame temperature of at least 750 °C

IEC 60331-12:2002, Tests for electric cables under fire conditions — Circuit integrity — Part 12:
Apparatus — Fire with shock at a temperature of at least 830° C

IEC 60331-21:1999, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV
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IEC 60331-31:2002, Tests for electric cables under fire conditions — Circuit integrity — Part 31:
Procedures and requirements for fire with shock — Cables of rated voltage up to and including
0,6/1 kV

IEC 60332-1-2:2004, Tests on electric and optical fibre cables under fire conditions — Part 1-
2: Test for vertical flame propagation for a single insulated wire or cable — Procedure for
1 kW pre-mixed flame

IEC 60332-3-22:2000, Tests on electric cables under fire conditions — Part 3-22: Test for
vertical flame spread of vertically-mounted bunched wires or cables — Category A

IEC 6(q684-271997, Flexible insulating sieeving — Part 2. Methods of test
Amendment 1 (2003)1)

IEC 6Q754-1:1994, Test on gases evolved during combustion of mq 5 aples —
Part 1] Determination of the amount of halogen acid gas

IEC 60 bles —

754-2:1991, Test on gases evolved during comb

Part 2
IEC 6( lectric
cables ent of
thickng
Ameng
IEC 6( lectric
cables hgeing

metho

IEC 6(0811-1-4:1985,

cables — Part 1: it
IEC 6(811-2-1:1998

insulating and sheathing materials of glectric
ion — Section Four: Test at low temperaturg

lectric

and o Ozone
resistg
Ameng
IEC 6( lectric
cables t high

tempe

IEC 6Q0811-3-2:1985, Common test methods of insulating and sheathing materials of glectric
and opticat-cables—Part-3-Methods-—spesiticto-PYCcompounds—sSection-+we—Loss—of mass

test — Thermal stability test

IEC 61034-1:2005, Measurement of smoke density of cables burning under defined conditions
— Part 1: Test apparatus

IEC 61034-2:2005, Measurement of smoke density of cables burning under defined conditions
— Part 2: Test procedure and requirements

1) There exists a consolidated edition 2.1 (2003), including IEC 60684-2:1997 and its Amendment 1.
2) There exists a consolidated edition 2.1 (2001), including IEC 60811-1-1:1993 and its Amendment 1.
3) There exists a consolidated edition 2.1 (2001), including IEC 60811-2-1:1998 and its Amendment 1.
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ISO 1817:2005, Rubber vulcanized — Determination of the effect of liquids

ISO 7989-2:2007, Steel wire and wire products — Non-ferrous metalic coatings on steel wire —
Part 2: Zinc or zinc-alloy coating

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-461 as well
as the following terms and definitions apply.

3.1
approkimate value
value which is neither guaranteed nor checked

NOTE If is used, for example, for the calculation of other dimensional values.

3.2
braid
coveripg formed from plaited metallic or non-metallic mater

[IEV 451-05-10]

3.3

braid armour

coveri anical
effects

NOTE 1 Where the rules of thé i S i if is also

possiblg to use the braid armo

NOTE 2 Copper-wire bra
provided it is effectively ea

screen,

3.4
compatibility test
test infended to
due to

bration

3.5
conduc
part of

[IEV 451-04-071]

3.6
conductor screen

non-metallic conducting layer applied between the conductor and insulation to equalise the
electrical stress between these components

NOTE It may also provide smooth surfaces at the boundaries of the insulation and assist in the elimination of
spaces at these boundaries

3.7
core-insulated conductor (North America)
assembly comprising a conductor and its own insulation (and screens, if any)

NOTE In North American usage, the core of a cable has been defined as the assembly of components of a cable
lying under a common covering such as the sheath (jacket).
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3.8

drain wire

un-insulated wire laid in contact with a screen or a shield which has the specific function of
earthing an electrostatic screen by ensuring a low resistive path throughout the length of the
cable

[IEV 461-03-07, modified]

3.9

electrostatic screen

electrostatic shield (North America)
earthed _metallic layer surrounding a cable which confines the electric field generated by the
cable within the cable cores, pair(s), triples(s) or quad(s), and/or protects S Yo pair(s),
triple(g) or quad(s) from external influence

NOTE |Metallic sheaths, foils, braids, armours and earthed concentric cond
electrosftatic screen, provided they are effectively grounded or earthed.

as an

3.10
fictitiqus value
value ¢alculated according to the "fictitious method" descri

[IEC 6D502-2, definition 3.1.4]

3.11
filler
materipl used to fill the interstices betwe® 3 onductor cable

[IEV 451-04-05]

3.12
fire repistance (circu

ability [to continue_to
sourcq for a sp

[IEC 6P331-11, defin

ated manner whilst subject to a specified| flame

3.13
flexible cabf

cable \whish 1
structd

be” capable of being flexed while in service and of whigh the
such as to fulfil this requirement

[IEV 451-06-

3.14
indivi
radial field cable

cable in which each core is covered with an individual screen

[IEV 461-06-12]

3.15

inner covering

non-metallic covering which surrounds the assembly of the cores (and fillers, if any) of a
multi-conductor cable and over which further layers are applied

NOTE 1 The inner covering can be either extruded or taped, and in either case forms a continuous layer, which
has only an approximate value of thickness and no defined mechanical requirements.

NOTE 2 Taped inner coverings are also sometimes called lapped beddings.

[IEV 461-05-02, modified]
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3.16
inner sheath
inner jacket (North America)

non-metallic sheath generally applied under a metallic sheath, reinforcement or armour It

should be extruded. The inner sheath must have the following properties:
-1t must be extruded.
-It can be used to fill the interstices.

-It must be of a material listed in IEC 60092-359.

-It must-have a defined nominal thickness (\Iallln)

3.17
insulated cable

assemply consisting of

— Oong or more cores;

— thdir individual covering(s) (if any);
— ass$embly protection (if any);
— prgtective covering(s) (if any).
NOTE 1| Additional un-insulated conductor(s)

NOTE 2 The assembly protection may consist ©f fillers, bin
NOTE 3J The protective covering

or a mdtallic screen, thermos
for metql armour or paint for metal armqur.

[IEV 4p1-06-01, modifi

3.18
insulation screen
core screen

electrigal screen of ngn-xpetallic r metallic material covering the insulation
[IEV 4B1-

3.19

lengtH of lay

axial length of one
constrlction

id, wire
bedding

Oomplete turn of the helix formed by one cable component in a fwisted

[IEV 46T-04-0T, modified]

3.20
median value

middle value, when several results have been obtained and ordered in increasing (or
decreasing) succession, if the number of available values is odd, and the mean of the two

middle values if the number is even ( from IEC 60502-2)

3.21
multi-unit cable

cable consisting of more than one pair, triple or quad unit either unscreened or with an
individual electrostatic screen around each unit or having an electrostatic screen applied

around the assembly of units (a collective screen) in a twisted construction
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3.22
nominal value
value by which quantity is designated, and which is often used in tables

NOTE Usually, in this standard, nominal values refer to values which are to be checked by measurements, taking
into account specified tolerances.

3.23

oversheath

outer sheath

protective (overall) jacket (North America)
non metallic sheath applied over a covering, generally metallic, ensuring the protection of the
cable fronTtheoutside—The outersheathmusthavethefottowinmgpropertie

-1t must be extruded.
-It can|be used to fill the interstices.
-It musgt be of a material listed in IEC 60092-359.

-It mugt have a defined nominal thickness (value).

NOTE | In North America, the term sheath is generally used §0 ereas the term jpcket is
used onfly for non-metallic coverings.

3.24
pair uhit
two cores laid up with or without interstitia

3.25
quad unit
four cqres laid up with or W

3.26
separator < ?
thin lqyer used

compdnents of a ¢cak
and sheath

fferent
ilation

[IEV 451-05<0

3.27
single| unitea
cable gonsisting~Q
electrgstatic)screen

hler one pair, triple or quad unit, either unscreened or with an indjvidual

3.28

stranded conductor

conductor consisting of a number of individual wires all or some of which generally have a
helical form

NOTE 1 The cross section of a stranded conductor may be circular or otherwise shaped.

NOTE 2 The term “strand” is also used to designate a single wire.

[IEV 461-01-07, modified]

3.29

S/Z cabling

method of cabling in which the direction of lay of the cable components is periodically
reversed
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3.30
triple
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61-04-07]

unit

three cores laid up with or without interstitial fillers or binder(s)

3.31
tests

3.31.1

routine test
test made by the manufacturer on each manufactured length of cable to check that each

length

[IEC 6p502-2, definition 3.2.1]

3.31.2
sample test

meets the specified requirements

test mpde by the manufacturer on samples of completed Wwonent ken from a

compl
specif

[IEC 8P502-2, definition 3.2.2]

3.31.3

type t

ted cable, at a specified frequency, so as to verifydhat the fi ed product megts the

jled requirements

st

test mpde before supplying, on a general q basis;—4d type of cable covered by this

standgqrd, in order to demonstrate

intend

NOTE
change
charact

[IEC 6

ance characteristics to megt the

bd application

ave” been made, they need not be repeated unless
ng process which might change the perfgrmance

4 Cq

4.1

The cqgnstructien of the cable is given in the applicable product standard.

4.1.1 Voltage designation

The standard method of designating the rated voltages of cables covered by this standard

shall take the form U, /U (U,,) where

U, is the rated power-frequency voltage between phase conductor and earth or metallic
screen, for which the cable is designed;

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

U, Iis the maximum value of the “highest system voltage” for which the equipment may be
used.

All voltages are given as r.m.s. values.
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4.1.2 Cable marking

4.1.21 Indication of origin

Cables shall be provided with a continuous indication of origin (manufacturer’'s name and/or

trade mark) by one or more of the following methods:

a) printing, indenting or embossing on the outer sheath;
b) a 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 mprking shall be legible.

Spacing and dimensions of the indication of origin shall be as givepy/i
standgrd.

Confofmity shall be checked by visual examination, and

NOTE |[National or regulatory authorities or approval bodies ma
applicaljle rules.

4.1.2.7

When
constr
indented or embossed on the outer she

The mprking shall be legible

Spacing and dimersioRs shalkbe
Confofmity shall : hetke

applicable shall ben

4.1.2.3 al caple ignation/external markings
When |agree ween the manufacturer and purchaser, cables may, in addition, be n
with 3 designati that signifies the type of insulation/screening/armourin

sheathi

The mprKing shall be by embossing, indenting or printing on the outersheath.

roduct

where

to their

d the
rinted,

where

narked
g and

The marking shall be legible.

Spacing and dimensions shall be as given in the applicable product standard.

Conformity shall be checked by visual examination, and the durability of the print where

applicable shall be in accordance with the test as given in 8.19.

4.1.3 Core identification

All cores shall be clearly identified.

The cores of multi-core cables or cores within pair, triple or quad unit(s) shall be identified by

colour or numbering as given in the applicable product standard.
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our or numbering shall be clearly identifiable and durable.

Spacing and dimensions of any numbering shall be as given in the applicable product
standard.

Conformity shall be checked by visual examination, and the durability of the print where
applicable shall be in accordance with the test as given in 8.19.

4.1.4

Halogen-free cables

For halogen-free cables, the non-metallic components shall meet the requirements given in

Table #-

4.2 [Conductors

421

The cqnductors shall consist of plain or metal-coated annealed

4.2.2 Metal coating and separator
The cpmponent copper wires shall be metal-coa f onductors ha
thermgsetting insulation, unless a separator bgtw e condyctor and the insula

providg
effects
metal

visual |i
does n

If a cg
specifi

4.2.3

The cq
compl
on the

To aid i

should

Stran

Material

oppe E G602

e_considered as satisfactory
baiform and bright, and the ins

wgdard are intended only for fixed installations an
60228. The minimum nominal conductor size dg

not be regarded as suitable for repeated flexing in service.

ving a
fion is
armful

hermoplastic insulatipn, the

if, on
ilation

ments

d shall
pends

ems.

uctors

Cross-

sections. Sector-shaped conductors are permitted for cross-sections of 10 mm?and above.

Table 1 — Minimum size of conductors

U Minimum cross-sectional area
mm?2
250 V 0,5
1000V 1,0
3 kV 10
6 kV 10
10 kV 16
15 kV 25
20 kV 35
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30 kV 50

The nominal size of the conductors shall be limited to 630 mm? in accordance with the values
specified in IEC 60228.

All conductors shall have a regular shape and shall be free from sharp projections and other
defects liable to damage the insulation.

NOTE When a class 5 conductor is used, special consideration should be given to the current-carrying capacity
and the voltage drop. Class 5 conductors have, in most cases, a lower conductivity than the equivalent class 2
conductor of the same nominal cross-sectional area.

4.2.4 Resistance

Unlesg specified in the applicable standard, the d.c. resistance of all not

exceed the applicable maximum value given in IEC 60228.

The dlc. resistance of conductors used in multi-unit (pairs, és shiall not
exceedl the maximum value given in the applicable productstandz

The d.c. resistance of drain wires shall not exceed the im licable
produgt standard.

Braids, |including an optional earth lead undeq q d i Nwith the braid, and armours, when
used ag earthing conductors, should have a va 3 8 2 r phase
conductprs for cross-sections up to and including\{6 mm32 he_vé N cross-

sectiong greater than 16 mmz2,

The usHg
authorit|es.

pproval

4.3 [Insulation syst

Materi@

The inpulation sys

4.3.1

of the

d) a dombination of S95 or HF S95 compound together with a varnished glass braid;

e) ong of the compaounds listed in IEC 60092-351 applied with enhanced thickness equjvalent
to fhexotal thickness of insulation and sheath of a construction consisting of a single layer
of insulation and a single layer of sheath.

4.3.2 Application
The insulation shall be extruded in one or more closely adherent layers. The insulation system

shall form a compact and homogeneous body and shall be so applied that it fits closely onto
the conductor or tape(s), if any.

It shall be possible to remove the insulation without damaging the conductor or the metal
coating, if any.

Compliance shall be checked by visual inspection.
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4.3.3 Insulation thickness

The thickness of insulation is specified for each size and type of cable in the applicable
product standard.

For single core or multi-core cables, the thickness at any point may be less than the specified
value, provided the difference does not exceed 0,1mm + 10 % of the specified value.

For single-unit or multi-unit cables, the thickness at any point may be less than the specified
value, provided the difference does not exceed 0,1mm + 20 % of the specified value.

The thfckme ol dily sepdiatul, EeTT or nmorganic tape apptedove Dr over
the indqulation shall not be included in the thickness of insulation.

The thickness of the organic tape(s) shall be adequate to meet the p ments
of the ppplicable product standard.

4.4 [Screens

4.41 Conductor and insulation screens for high-yo

4.4.1.1 Conductor screen

The conductor screen shall consist of Ax pay be

applie¢l over a semi-conducting tape.
The extruded semi-conducting compo

4.4.1.2 Insulation scree

The insulation screen

with a|metallic layer. 1
each qore and @

NOTE

allic semi-conducting layer in comb|nation
hall be extruded directly upon the insulation of

compound may then be applied over the individual cores |or core

assembly.

The m e ied over the individual cores.

The metallice shall consist of one or more tapes, or a braid, or a concentric layer offwires,
or a cq :

The dimensional, “physical and electrical requirements of the metallic layer shpll be

deternjined taking into account any other requirements (for example, national or agproval
autho%mmmmmﬂmm%e of

fault.

4.4.2 Screens (shields) for low voltage cables

4421 Construction

The screen shall consist of one of the following

a) a metal/polyester laminated electrostatic screening tape applied with the metallic side in

contact with a drain wire or a metallic screening tape with an appropriate overlapping.

The metal/polyester tape shall be either aluminium-bonded to polyester or copper-bonded
to polyester. The thickness of the tape is specified in the applicable product standard. The
metal/polyester tape shall be in contact with a drain wire which shall be composed of
metal-coated annealed copper wires in the case of aluminium laminate tape and either
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plain or tinned annealed copper wires in the case of copper laminate tape. The maximum
resistance of the drain wire is specified in the applicable product standard.

The metallic screening tape shall be a plain or metal-coated tape. The thickness of the
tape is specified in the applicable product standard; or,

b) a plain copper or metal-coated copper braid with a drain wire if necessary applied in
accordance with the formula given in 4.8.2; or

c) a combination of a) and b) above. In case of a combination of a metal/polyester tape and a
braid, the drain wire may be omitted; or

d) a concentric layer of wires or a combination of wires and copper tape(s).

4.4.2.2 Application

The streen may be applied either over a single unit as an individ
formatjon of multi-cores or multi-units as a collective screen.

pbver a
NOTE |[The electrostatic screens may also serve as an electromagnetic sc{een, i ifements

need to|be verified with the customer.

In mulfi-unit cables, the individual electrostatic screens < ically isolated both from
each gther and the collective screen, if any.

4.5 |[Cabling

4.5.1 Multi-core cables

The individual cores shall be twisted tggether i entric layers with either a right- pr left-
hand Ipy. The use of S/Z formations is per%%. ecessary, filler(s) or extruded|layers

as det

NOTE

4.5.2

The fol ivid ¥ hen the assembly of the units shall be in accofdance

4.6

The inhe may be extruded or lapped, as specified in the relevant standard of
the ca

It shgll b€ ,'possible to remove the inner covering without damaging the undgrlying
compqnents.

Taped inner coverings shall be applied in one or more overlapping layers.

An open helix of suitable tape is permitted as a binder before application of an extruded inner
covering. The thickness of the binder tape is optional.

The inner covering, fillers and binders, if any, shall be of non-hygroscopic material. The
material selected shall be compatible with cable components with which it is in contact and
compatible with the operating temperature of the cable.

NOTE In hazardous locations, inner coverings used instead of an inner sheath will not prevent the migration of
combustible gas or dust particles through the cable. This is normally prevented by hazardous location rated cable
glands dependent upon an impervious inner sheath on which to effect a seal.
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4.7 Inner sheath
4.71 Material

The inner sheath material shall be selected from one of those listed in [EC 60092-359. The
compound selected shall be compatible with the cable components with which it is in contact
and compatible with the operating temperature of the cable.

4.7.2 Application

The inner sheath shall be extruded in one or more closely adherent layers. The inner sheath
shall form a compact and homogeneous body and shall be so applied that it fits closely onto
the unferlying components.

It shall be possible to remove the inner sheath without damaging Lilation

and/or| screen(s).

4.7.3 | Thickness of inner sheath

The thiickness of the inner sheath for each size and type 6f cable\shg ified|in the
applicable product standard.

Unlesg specified in the applicable product standatd i i e less
than the specified value, providing the of the

specifijed value for sheaths applied of a indri 3 of the

specifijed value for sheaths applied on
rer the\j
el

The thickness of any tape(s) under or o Sheath shall not be included |in the

measuyrement of the thickne

4.8 Metal braid ar

4.8.1 Maten{ :

The mietal braid armé i : zinc-coated (galvanized) steel wires complyirjg with
the gdlvanizing te ifi i or copper, metal-coated copper or
coppef-alloy wires.

NOTE |For high\voltage~gables descrifed in IEC 60092-354, the use of double steel tape armour and round or flat
steel wife drmeur\areypermitted\ For further guidance on construction, see IEC 60502-2.

4.8.2

The "qoverage density" of the braid shall be such that the weight of the braid is at least 90 %
of the [weight of a tube of the same metal, having an internal diameter equal to the calgulated
internal diameter under the braid and a thickness equal to the nominal diameter of the wires
forming the braid.

The diameter under the braid is calculated with the fictitious method given in Annex A

NOTE An alternative method for evaluating the "coverage density" of symmetrical braids is given by the following
formula giving the "filling factor", F:

NPd
or (mnd/2mD) (1 + n2D2/L2)1/2

F =
sin ¢

Where
o: is the slope angle between the cable axis and the braid wires;

d: is the diameter of braid wire;


https://iecnorm.com/api/?name=0c003d20bdbbf2b769449664d41638a9

60092-350 © IEC:2008(E) -19 -

N: is the number of wires per carrier;

P: is the number of picks per millimetre;
m: is the total number of spindles;

n: is the total number of ends per spindle;
D is the mean diameter of the braid;

L is the lay length of the braiding wire.

The corresponding "coverage density", expressed as a percentage, is given by the formula:

3
G=—-F-100
2

To obtal|n the minimum value of G (90 %), the minimum value of F should be 0,573

4.9 [Outer sheath
4.9.1 Material

The sheath shall be selected from one of those i €.60092:359. The conlpound

W it is in contagt and
compdtible with the operating temperature of the

4.9.2 Application

The oliter sheath shall be extruded in ©ne or mure ly adherent layers. The outer gheath
shall form a compact and homogeneous b Be so applied that it fits closely onto
the unferlying componenis

It shall be possible to eath without damaging the underlying insplation
and/or|screen(s).

4.9.3 Thickne; 0
The thlickness of<she ¢/and type of cable shall be as specified in the applicable
produgt standard.

Unless g ified Wuthe applicable product standard, the thickness at any point may be less
than the e if any, providing the difference does not exceed 0,1 mm + 15 % of the
specifijed value eaths applied on a smooth cylindrical surface, or 0,2 mm + 20 %|of the

specifijed value for sheaths applied on an irregular cylindrical surface.

5 Testmethods

5.1 Test conditions
5.1.1 Ambient temperature

Unless otherwise specified in the details for the particular test, tests shall be made at an
ambient temperature of (20 £ 15) °C

5.1.2 Frequency, waveform and magnitude of power-frequency test voltages

The frequency of the alternating test voltages shall be in the range 49 Hz to 61 Hz. The
waveform shall be substantially sinusoidal. The power-frequency test voltages given in this
standard are r.m.s. values.
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5.2 Routine tests
5.21 General
The routine tests required by this standard are:

a) measurement of the electrical resistance of conductors (see 5.2.2);

b) voltage test (see 5.2.3);

¢) insulation resistance test (volume resistivity determination see 5.2.4).

The routine tests are normally carried out on each manufactured cable length and may be

carried_out, at the manufacturer's option, either on delivery lengths or on manufactured
lengthg before they are cut into delivery lengths.

5.2.2 Measurement of the electrical resistance of the conductoxs

Resistance measurements shall be made on all conductors of gac S ‘ itted to
the routine test.

The cgmpleted cable length, or a sample from it, shall be pte i h shall
be majntained at a reasonably constant temperaturefor at\ea In the
case df doubt as to whether the conductor temperat(re j rature,
the registance shall be measured after the cabl 3 As an
alternative, the resistance shall be me for at
least 1 h in a temperature-controlled

The measured value of resistance shs a temperature of 20 °C and 1 km in
length|in accordance with the formulae\an IEC 60228.

Unlesg otherwise stated N icat ret” standard, the d.c. resistance of each
condugtor at 20 °C . ces ve~appropriate maximum value specified fpr the

applicable class oz co
5.2.3 st

5.2.3.1

The v evat ambient temperature using, at the manufacturer's pption,
altern%)' equency, direct voltage or, where applicable, spark testing
(high-fre ms of voltage).

5.2.3.2 i e cable without metallic layer

If the [single-core cable has no metallic layer, the cable as delivered shall be immernsed in

t bt S it o s et e A o el e e f 1K
waler ararmpteht tCTrrpCTrataTrcToT—a ot p T ot~ o1

A voltage shall be applied between the conductor and the water.
The voltage and the duration of its application shall be as given in Table 2.

Alternatively the whole length of the completed cable as delivered shall be spark-tested
(see 5.2.3.7).

5.2.3.3 Multi-core cable and cables with one or more metallic layers

A voltage shall be applied in turn between each conductor and each of the other conductors
and the metallic layer, if any. The conductors may be suitably connected for successive
applications of the test voltage to limit the total testing time, provided that the sequence of
connections ensures that the voltage is applied for at least 5 min without interruption between
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each conductor and each other conductor and between each conductor and the metallic layer,
if any.

In radial field cables, the voltage shall be applied between the conductor and the core screen.
The voltage and the duration of its application shall be as given in Table 2.

5.2.34 Voltage test on sheath

The test shall be made on sheathed cable where there is a metallic layer under the sheath.

The whole length of the completed cable as delivered shall be spark-tested

5.2.3.5 Test voltage

Unlesg otherwise stated in the applicable product standard for the c
voltage for the standard rated voltages are given in Table 2.

he test

Table 2 — Routine test vo

Rpted voltage of cable ﬁesﬁolta}ifbﬁ\min>
U,JU alternating cu )\(9). \cﬁrect current (d.c.)
kV (\ X kv
0,15/0,25 5 \J 3,6
0,6/1 5 8,4
1,8/3 6,5 15,6
3,6/6 --
6/10 21 --
8,7/15 - -
12/2 2 --
18/3@ 63 --

NOTE

— Thel|values for enhanced sula>1\th&\‘&ss are given in the product standard.

— DC {esting s not recogmmended for sables with rated voltages > 1,8/3 kV.

5.2.3.

The test voltage s
insulafiofirshall occur.

be increased gradually to the specified value and no breakdown|of the

5.2.3.7 Spark test

When specified, this test shall be carried out in the final stage of manufacture.

The cable shall withstand the test voltage specified without failure of the insulation or sheath
as appropriate. The spark test equipment used shall detect a puncture in the insulation or
sheath having a diameter equal to or greater than, half the specified insulation or sheath
thickness. The recovery time of the spark tester shall be not greater than 1s.

The magnitude and presence of the voltage shall be such that, with the electrode system used
and at the speed used for the passage of the cable through the spark tester, the test
requirements are met.
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Unless otherwise stated in the applicable product standard for the cable, the values of the test
voltage for insulation shall be:

— a.c. (50 Hz) 3,0 kV + (5% tabulated insulation thickness in mm) kV
- d.c. Va.c.x1,5
- H.F. Va.c. +1,0kV

Unless otherwise stated in the applicable product standard for the cable, the values of the test
voltage for sheath shall be:

— a.c. (50 Hz) 3,0 kV

- d.d Va.c.x 1,5

NOTE |[The adoption of IEC 62230 is under consideration (see Annex B).

5.24 Insulation resistance test (volume resistivity determjnation

The injsulation resistance shall be measured at ambient temp USing . page of

80 V tp 500 V, after any a.c. high-voltage test has been ca . high-

voltage test is carried out.

The measurement shall in general be effected 1 min\aftér appliceti he voltage. In ¢ertain

cases, ition, the time of appljcation

may be prolonged up to a maximum of’5 min.

The cpnnection procedure in carrying o ; on different types of cables shall|be as

follows.

— Fof single-core cable i i1 i inSulation resistance measuremert shall
be|performed betwee ) fre

- Fo

- Fo
res

Shﬂl be performec
immersed at

ement
all be

single-core ¢

ilation
other

- Fo ore\thay five conductors, the insulation resistance measuremelnt test
sh irst,"bétween all conductors of uneven number in all layers and all
coI ber in all layers; second, between all conductors of even|layers
angl al rsNaf/uneven layers; third, if necessary, between the first and the last

conductorbfleach\layer having an uneven number of conductors.

- Fo
pe

cables with tridividually screened units, an additional insulation resistance test shall be
fermed in turn between each screen and all other screens connected together pnd to

the

metallic armour, 1T any.

The measurement values of the insulation resistance shall be corrected to the reference
temperature of 20 °C by using an appropriate temperature correction factor based on
experimental results obtained on the insulation material concerned.

Volume resistivity (p) shall be calculated from the measured insulation resistance by the
formula:
p =21 LR/In(D/d)
where
p: is the volume resistivity in ohms centimetre;

R: is the measured insulation resistance, corrected to 20 °C, in ohms;
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L: is the length of the cable, in centimetres;
D: is the outer diameter of the insulation, in millimetres;
d: is the inner diameter of the insulation, in millimetres.

The calculated value of volume resistivity (p) shall be not less than the value specified for the

applicable insulating material in IEC 60092-351.

NOTE 1 In some instances, the value for the volume resistivity is given in the form of the "insulation resistance

constant K;" value (expressed in megohm kilometres) which is equivalent to 0,367.10-11 p

NOTE 2 For the core of shaped conductors, the ratio D/d is the ratio of the perimeter over the insulation to the

perimeter over the conductors.

6 Sample tests

6.1 General

The sgmple tests required by this standard are:

a) colductor examination (see 6.4);
b) ch
c) hot-set test for insulations and sheaths (see 6.8)

ck of dimensions (see 6.5 to 6.7);

6.2 [Frequency of sample tests

Cohductor examination, measure
measurement of the o
lenjgth from each ma
limjited to not more

b) Physical tests
By agreeme
on|samples taken

the purchaser, shall be made

pess of insulation and shea}:h and
me type and size of cable, but s

n one
all be

made
Iength

in . The
number of salgplas tQ
N
\ \ \ > Cable length Numbef of
samples
I\hmicorekqbles Single-core cables P
Above Up to and Above Up to and
Km including km including
km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc etc etc etc etc

6.3 Repetition of tests

If any sample fails any of the tests of 6.2, two further samples shall be taken from the same
batch and submitted to the same test or tests in which the original sample failed. If both
additional samples pass the tests, all the cables in the batch from which they were taken shall
be regarded as complying with the requirements of this standard. If either of the additional
samples fails, the batch from which they were taken shall be regarded as failing to comply.
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6.4 Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction shall be checked
by inspection and by measurement when applicable.

6.5 Measurement of thickness of insulation
6.5.1 General

Each cable length selected for the test shall be represented by two pieces of cable, one taken
from each end, any portion which may have suffered damage being discarded.

For caples having more than three cores of equal nominal cross-section, mberof cores
on which the measurements are to be made shall be limited to either thke D % of
the cofes, whichever number is greater.

6.5.2 Procedure

The tept procedure shall be in accordance with Clause 8 of

6.5.3 Requirements

For edlch piece of core, the smallest value, rounde 3 hex C)
shall not be less than specified in the applicabl ;

If the measured value on either of the ieces fails toNupeet/the requirements specified in
4.3.3, [two further pieces shall be che ' i ecified
requirgments, the cable is deemed (to it if et the
requirements, the cable is

6.6 Measurements [0

6.6.1 GeneraQ
Each g¢able length*se

from €

taken

6.6.2

The te

6.6.3

For each, 'piece of sheath, the smallest value, rounded off to the nearest 0,01mm (see
Annex|C)shall not be less than specified in the applicable product standard.

If the measured value on either of the two pieces fails to meet the requirements specified in
4.7.3 or 4.9.3, two further pieces shall be checked. If both of these further pieces meet the
specified requirements, the cable is deemed to comply, but if one of them does not meet the
requirements, the cable is deemed not to comply.

6.7 Measurement of external diameter

If the measurement of the external diameter of the cable is required as a sample test, it shall
be carried out in accordance with Clause 8 of IEC 60811-1-1.
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6.8 Hot-set test for insulations and sheaths
6.8.1 General procedure

The sampling and test procedure shall be carried out in accordance with Clause 9 of
IEC 60811-2-1 employing the conditions given in IEC 60092-351 for the insulation, and in
IEC 60092-359 for the sheath.

6.8.2 Requirements

The test results shall comply with the requirements given in IEC 60092-351 for the insulation
or IEC 60092-359 for the sheath.

7 Type tests, electrical

71 General

The type tests required by this standard, and to be applied_ o cable,

10 m tp 15 m long unless otherwise specified, are the follow

c) Ingrease of the a.c. capacitance afte
d) High-voltage test for 4h (see 7.4).
e) Mdtual capacitance (see 7.5).

f) Indquctance (see 7.6).

7.2 Insulation resistanc
7.21
7.2.1.1

outer
rature
pr and

This t
coveri
at leas
water

NOTE

The dJc. test-voltage
not mqre,than 5 min:

shall be 80 V to 500 V and shall be applied for not less than 1 min and

7.2.1.2 Calculations

Volume resistivity (p) shall be calculated by the method given in 5.2.4.

NOTE In some instances, the value for the volume resistivity is given in the form of the "insulation resistance
constant K;" value (expressed in megohm kilometres) which is equivalent to 0,367-10-"1 p

7.21.3 Requirements

The calculated value of volume resistivity (p) shall be not less than the value specified for the
applicable insulating material in IEC 60092-351.
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7.2.2 Measurement at maximum rated temperature

7.2.21 General

The cores of the cable sample with all outer coverings removed shall be immersed in water,

which shall be heated at the specified temperature for at least 1 h before test.

The d.c. test voltage shall be 80V to 500V and shall be applied for not less than 1 min and not

more than 5 min.

7.2.2.2 Calculations

Volumg resistivity (p) shall be calculated by the method given in 5.2.4.

NOTE [In some instances, the value for the volume resistivity is given in the forpa®
constant K;" value (expressed in megohm kilometres) which is equivalent to 0,367-40-"?

7.2.2.3 Requirements

The calculated value of volume resistivity (o) shall be not e

7.3 [Increase in a.c. capacitance after imme

The increase in a.c. capacitance te
method.

7.3.1

Every test specimen shall co
insulafion (including v X

7.3.2 Appar

A watgr tank shall bg
length|of 3 m whi

The water skall b
The wa

7.3.3 Procedure

The tgstispecimen shall first be dried for 24 h in an oven, the air of which is main

Bistance

for the

lowing

of the

over a

tained

between 70 "C and 75 °C.

As soon as the test specimen is removed from the oven, the specimen shall be immersed, as

indicated above, in tap water which has been previously heated to 50 °C.

The immersion shall be maintained at this temperature for 14 days.

The capacitance between the conductor and the water shall be measured with low-voltage

a.c. at a frequency of 900 Hz + 100 Hz. Three measurements shall be carried out:

— at the end of the first day: C1;
— at the end of the seventh day: C7;
— at the end of the fourteenth day: C14;
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Precaution must be taken to ensure that the temperature and the water level are the same for
all measurements.

The increase in a.c. capacitance shall be calculated and expressed in a percentage:

a) between the end of the first day and the end of the fourteenth day: (C14-C1)/CA1;
b) between the end of the seventh day and the end of the fourteenth day: (C14-C7)/C7.

7.3.4 Requirements

The values calculated from the measurements shall be not more than those specified in
IEC 6Q092-351

7.4 [High-voltage test for 4 h up to 1,8/3 kV

The cqgres of the cable sample with all outer coverings removed shd
room temperature for at least 1 h.

A power-frequency voltage equal to three times the ra
applied and maintained continuously for 4 h between the conduc ob@

7.4.1 Requirement

No brdakdown of the insulation shall oeCt

7.5 [Mutual capacitance (control and\ i abtes only)

The mputual capacitance shall be mea { total of at least two pairs, triples or
quads| that have been sgle heYinner and outer layers. The palues
obtaingd shall be recorded.in tk

7.6 |[Inductance to resis < i ontrol and instrumentation cables only)
The irductance@' t i R\ ratio) shall be calculated from measuremgnts of
inductance (L) madég /total Of at least two pairs, triples or quads that havé been

select¢d at randd exipner and outer layers and the d.c. resistance measured at
20 °C. i 3

8 Ty

The nq i€ tests required by this standard are the following.

8.1 Measurement of thickness of insulation

See sample test of 6.5.

8.2 Measurement of thickness of non-metallic sheaths (excluding inner coverings)

See sample test of 6.6.

8.3 Tests for determining the mechanical properties of insulation before and after
ageing

8.3.1 Sampling

Sampling and the preparation of the test pieces shall be carried out as described in 9.1 of
IEC 60811-1-1.
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8.3.2 Ageing treatments

The ageing treatments shall be carried out as described in 8.1 of IEC 60811-1-2 under the
conditions specified in IEC 60092-351.

The tensile tests before and after ageing with copper conductor are not applicable for cables
with a voltage rating above 0,6/1,0 (1,2) kV .

8.3.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in Clause 9 of IEC 60811-1-1

8.34 Requirements

The tgst results for unaged and aged pieces shall comply with the
IEC 60092-351.

8.4 [Tests for determining the mechanical properties o
lageing

8.4.1 Sampling

Sampljng and the preparation of the tegs buse 9

of IEC|60811-1-1.

8.4.2 Ageing treatments

The ageing treatments shal_be carried under

the copditions specified i IEC

8.4.3 Conditioning
The cd nditionin
in Clalse 9 of IEC6

8.4.4

cribed

The te ven in

IEC 60

8.5

8.5.1 General

This test is intended to check that the insulation and sheath are not liable to deteriorate in
operation due to contact with each other or with other components in the cable.

The test is applicable to cables of all types.

8.5.2 Sampling
Samples shall be taken from the completed cable as described in 8 1.4 of IEC 60811-1-2.

8.5.3 Ageing treatment

The ageing treatment of the pieces of cable shall be carried out in an air oven, as described
in Clause 8 of IEC 60811-1-2 under the following conditions.
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— Temperature: (10 £ 2) °C above the rated operating conductor temperature of the cable or,
if the operating temperature of the cable is not known, (10 + 2) °C above the highest rated
temperature for the insulating material (see Table 1 of IEC 60092-351).

— Duration: 7 x 24h.

8.5.4 Mechanical tests

Test pieces of insulation and sheath from the aged pieces of cables shall be prepared as
described in Clause 8 of IEC 60811-1-2 and subjected to mechanical tests.

8.5.5 Requirements

The variations between the median values of tensile strength and elongation at\gréak’pefore
and after ageing shall not exceed the corresponding values applying to tF e (fest(forageing in
an air pven specified in [IEC 60092-351 for the insulation and IEC 6Q09 Y

8.6 [Loss of mass test on PVC insulation and PVC (ST1 ald S
8.6.1 Procedure

The sgmpling and test procedure shall be in accorday lause 8 of IEC 60811-3-3.

8.6.2 Requirements

The tefst results shall comply with the 60092-351 for insulatipn and

IEC 6(Q092-359 for sheaths.

8.7

8.7.1

The s 11-3-1
employi br the

8.7.2

The teg Llation

and IE

8.8 i SHF1
land(SHF2 sheaths at low temperature

8.8.1 PluquIU|v

The sampling and test procedure shall be in accordance with Clause 8 of IEC 60811-1-4,
employing the test temperature specified in IEC 60092-351 for the insulation or in IEC 60092-
359 for the sheath.

8.8.2 Requirements

The test results shall comply with the requirements given in Clause 8 of IEC 60811-1-4.

8.9 Special test for low temperature behaviour (when required)
8.9.1 Procedure

The tests shall be carried out according to Annex E at a test temperature of (-40 = 2) °C for
the cold bend test and at (—35 % 2) °C for the cold impact test.
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8.9.2 Requirements

Requirements are given in Annex E.

8.10 Test of the metal coating of copper wires

The metal coating should be considered satisfactory, if, on visual inspection (see 6.4), the
wire surface appears smooth, uniform and bright, and the insulation is not adherent to the

conductor.

8.11 Galvanizing test

When Ja galvanizing test is required for checking the resistance of steel wij againstrpusting,

the immersion test specified in 5.3 of ISO 7989-2 should be carried ou imens

taken from the cable sample.

8.12 ([Test for resistance of PVC insulation and PVC (ST1 a aths to
cracking (heat shock test)

8.12.1] Procedure

The sampling and test procedure shall be in accordahce_witt of IEC 60811-3}1, the

test tgmperature and period of heating being in lacdordancé&withnJEC 60092-351 flor the

insulafion and IEC 60092-359 for the sheath.

8.12.2| Requirements

The tept results shall comply with the r in Clause 9 of IEC 60811-3-1.

8.13

8.13.1| Procedure

The spmpling t 8 of

IEC 6(Q811-2-1, the© 0092-

351 an

8.13.2

The te

8.14

8.14.1

8.14.14—-"Precedure

The sampling and test procedure shall be carried out in accordance with Clause 10 of

IEC 60811-2-1, employing the conditions given in IEC 60092-359.

8.14.1.2 Requirements

The test results shall comply with the requirements given in IEC 60092-359.

8.14.2 Enhanced hot oil immersion test (when required)

Test procedures and requirements are defined in Annex F.

8.15 Mud drilling fluid test (when required)

Drilling fluid resistance test procedures and requirements are defined in Annex G.
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8.16 Fire tests
8.16.1 Flame-spread test on single cables

This test shall be carried out on samples of completed cables.
The test method and requirements shall be in accordance with IEC 60332-1-2.

8.16.2 Flame-spread test on bunched cables

The cables shall be tested according to IEC 60332-3-22. However, the touching configuration
(in one_or more layers) and the standard 300 mm wide ladder shall be used.for all conductor
sizes.

8.16.3] Smoke emission test

This t¢st shall be carried out on samples of completed cable S v smoke
emissipn.

The tept method and requirements shall be those specified 0 4 4-2.

8.16.4| Acid gas emission test

This tgst shall be carried out on the ng
free.

hlogen

The te
The re

8.16.5

This te
free.

hlogen

The te
The re

8.16.6

This tgst shall besa
free.

ried out on the non-metallic components of cables claimed to be halogen

The test method shall be that specified in IEC 60684-2.

The results of the test shall comply with the requirements of Table 4.
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Table 4 — Test methods and requirements for halogen free compounds

Test method

Unit

Requirement

Halogen gas emission test
(IEC 60754-1)

Bromine and chlorine content
(expressed as HCI), maximum

%

0,5

Fluorine content test
(IEC 60684-2)

Fluorine content, maximum

%

0,1

[N Bl V- IRP-S TIVIL VIR 3 3

R e-CoRaHEHHTY—te St

(|[EC 60754-2)

pH, minimum
Gonductivity, maximum

uS/mm

8.16.7

The method of test and requirements shall be

IEC 60331-31 or
specification.

IEC 60331-11 and

8.17

The spmpling and test procedure she

IEC 6(0092-351.
The refsults of the test sh§

8.18

The spmpling
IEC 6(J092-351.

The refsults of the

8.19 D

The cpmp
markirlg or théesp
soaked in water.

IEC 60331-

Fire-resistance test (test for circuit integrity ca

C 60331-1p and

in\ the relevant| cable

B of

he/durability requirement shall be checked by trying to remojye the
by rubbing them lightly 10 times with a piece of cotton wool of

cloth
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Annex A
(normative)

Fictitious calculation method for determination
of dimensions of protective coverings

Introduction

ickness of cable coverings, such as sheaths and armour, has usually been rela

ted to

nomin

This s
same

thickn¢ss of a covering does not correspond to the actual dia

diame
manuf
diame
same

To avqid these difficulties, the fictitious calculatio /as i . i i
the shppe and degree of compaction bors\and tocula fictitious diameter
i 3 3y N

Igtion thickness and nunpber of

formul

cores.| The thickness of the sheaths an then related to the fig
diamefers by formulae or by tables. The lating fictitious diameters is pr¢
specifijed and there is no ambiguity abjout ickns se3 of coverings to be used, wh
indepg i es. This standardizes cable dg
thickng¢ss being pre-calcW i ize of cable.

The fictitious calculatio § determine dimensions of sheaths and
coverings. It is 2 lation of normal diameters required for pr
purpoges, which :

A.2 |General

The fdllo ethodof calculating thicknesses of various coverings in a cab
been 3 at any differences which can arise in independent calculatio
example, smption of conductor dimensions and the unavoidable diffe
betwe¢n nominal and\actually achieved diameter, are eliminated.

All thig

bl cable diameters by means of "step tables".

bs the actual values achieved in production. In borderline cask

er is slightly different. Variations in shaped conducto
bcturers and different methods of calculation are theé™s

ily the
p if the
ulated
tween
pbminal
bn the

ignore
s from

i¢titious

pcisely
ch are
signs,

cable
actical

le has

ions, for

[ences

knegss values and diameters shall be rounded, according to the rules given in Anpex C,

to the Hr

Holding strips, for example counter-helix over armour,

H + o toa ol £io .
ST U omTar rmryure.

neglected in this calculation method.

A.3

A.3.1

Method

Conductors

if not thicker than 0,3 mm, are

The fictitious diameter (d| ) of a conductor, irrespective of shape or compactness, is given for
each nominal cross-section in Table A.1.
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Table A.1 - Fictitious diameter of conductor
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Nominal cross-section dp Nominal cross-section dp
of conductors of conductors
mm?2 mm mm?2 mm
0,5 0,8 50
0,75 0,95 70
1 1,1 95
1,5 1,4 120
2,5 1,8 150
6 2,8 240
10 3,6 300
16 4,5 400
25 5,6 500
35 6,7 63
A.3.2 Cores
The figtitious diameter D_ of any core is given b
a) for|cables having cores without se
b) for|cables having core
Where ¢ is thifo
If a mietallic scr made
according to Table
s

Nominal cross-section of
Increase h Increase
. . concentric conductor . !
in diameter . in diametef
or metallic screen
mm mm?2 mm
0,5 50 1,7
25 05 Z0 20
4 0,5 95 2,4
6 0,6 120 2,7
10 0,8 150 3,0
16 1,1 185 4,0
25 1,2 240 5,0
35 1,4 300 6,0

If the cross-section of the concentric conductor or metallic screen lies between two of the
values given in the table above, then the increase in diameter is that given for the larger of
the two cross-sections.
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If a metallic screen is applied, the cross-sectional area of the screen to be used in the table
above shall be calculated in the following manner:
a) tape screen
cross-sectional area = ny X #; X wy
where
nt is the number of tapes;
ty is the nominal thickness of an individual tape, in mm;

w ¢ is the nominal width of an individual tape, in mm.

— |for a lapped tape screen made of either two tapes or one tape K le total
thickness is twice the thickness of one tape;

— |for a longitudinally applied tape screen:
o if the overlap is below 30 %, the total thickness is the

e if the overlap is greater than, or equal to, 30 ice the

thickness of the tape.

S
2

ine screen (with a counter-helix, if any)

where
nw|is the number of wir
dy|is the diameter of &
np |is the number o

th |is the thic
w His the wid

A.3.3

The figtiti

a) for

Where the coefficiént k is given in Table A.3.
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Number of cores Assembly;oefficient Number of cores Assembly;oefficient
2 2,00 25 6,00
3 2,16 26 6,00
4 2,42 27 6,15
5 2,70 28 5,41
6 3,00 29 6,41
7 3,00 30 6,41
72 3,35 31
8 3,45 32
8* 3,66 33
9 3,80 34
g2 4,00 35
10 4,00 6 x
102 4,40
11 4,00 8
12 4,16
122 5,00 (0
13 4,41 41
14 4,41
15
16
17
18 [
- O
19
20
21
22
23
2
@ Core assembled\'rn\one/\iayer.
b) fol fUUI'bUIC bdbiCb VVit:I Ul illouiatcu' bUIIdUbtUI VVith |cduucu‘ bIUDD'DUbtiUII.
Dy = 242 (3D¢q1 + Dgy) —
4

where

D.q is the fictitious diameter of the insulated phase conductor, including metallic layer,
if any;

D., s the fictitious diameter of the insulated conductor with reduced cross-section — if

required.

c) for control and instrumentation cables, the formulae are as follows:
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a) diameter over laid-up cores:
use the method given in Table A.3
b) diameter over a pair (Dp) a triple (D; ) or a quad (Dq):
dp=Dc><2, in mm
or
dy = D¢ x 2,16, in mm
or
dyq = D¢ * 2,42, in mm

Where D is the diameter of a Qingln care

c) |diameter over laid-up pairs (Dp), triples (D;) or quads (Dq):
Dy =dy x k * ¢, in mm
or
Dt=dtxkxcf’ in mm
or
Dq =dq * k* ¢ in mm

Where the coefficient k£ is as given in Table A
The coefficient ¢fis as given in Table A.4.

Ta@d\

Cable type /A Coefficient c¢
Individual screened pairs \ (\ ) 0,89

Collectively screéeﬁ‘;@ir{\\ > 0,82

AN
Individually sNerégktrip}%s ~ ) 0,94

Collectively slsreé‘/e}}{\mkles \ 0,87

Indiv@a® sc%ened @ads 1,0

Conectiv?kfs}m\}r{é(qu}a@\ ) 1,0
%

A.3.4
The figtiti i terover the inner covering Dg is given by

DB=Df+2tB

where

tg = 0,4 mim for fictitious diameters over laid-up cores (D ) up to and including 40mm:;

tg = 0,6 mm for D; exceeding 40mm.
These fictitious values for 1z apply to cables whether the inner covering is extruded or lapped.
For control and instrumentation cables use D, D; or Dqas Dy value in the formula for Dg.
A.3.5 Sheath
The fictitious diameter over the sheath Dy is given by

Dg =D, + 2t;, in mm

where
D, is the fictitious diameter under the sheath;
t; is the thickness specified in the standard of the applicable cable.
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A.3.6 Braid armour

For braid armour, the fictitious diameter over the armour D, is given by

D, = Dp + 5d,,, in mm

where
D, is the fictitious diameter under the armour;
d , is the nominal diameter of the braid wire.

@%
S
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Annex B
(informative)

Recommended minimum spark test voltage levels
(according to IEC 62230)

B.1 General

The levels of test voltages given below are from IEC 62230 and are those for use where no
alterngtive voltages are specified in the product standard. Details of the t hod arg given
in IEC|62230.

B.2 ([Test voltages

B.2.1 General

The vopltages given in this annex are recommended sed to
locate|defects in the layer under test. The applicability of thesesle ned by
the mgnufacturer and will depend upon the type of i

NOTE |[Some countries have established hig

B.2.2 Contact electrodes

The h pe, as
specifi

Table e (Up)
betwes

ninimum spark-test voltages for cables
¢ (Uy) between 300 V and 3 000 V

Tabulated la Test voltage
kV
Fﬁoq \ p to> a.c. d.c. HF Pulse
0 \0.2%5 3 5 4 5
0,26 N0,50 5 7 6 7
051 0,75 6 9 7 9
0,76 1,00 7 11 8 11
1,01 1,25 9 13 102 13
1,26 1,50 10 15 11a 15
1,51 1,75 12 17 13 a 17
1,76 2,00 13 20 14 a 20
2,01 2,25 14 22 15a
2,26 2,50 16 24 17 a
2,51 2,75 17 26 18 a
2,76 3,00 19 28 202
* HF voltage testing for layer thicknesses greater than 1,0mm should be limited to frequencies between
500 Hz and 4 kHz.
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Pulsed voltage testing is not recommended for layer thicknesses greater than 2,0mm.

As a test to replace the traditional voltage test in water for single-core cables without any
outer metallic layer, the recommendations in Table B.1 only apply for thicknesses up to
2,0 mm and for a.c. or d.c. waveforms.

When testing laid-up core assemblies, i.e. cables without sheath, the test voltage level shall
be that for the lowest individual insulation thickness in the assembly.

NOTE Particular cable standards may, in exceptional circumstances (for example, for sheathing materials known
to exhibjit low insulation resistance characteristics, i.e. K; less than 100 MQ-km), recommend-oryequire a reduction
in the test voltage to ensure that excessive leakage current does not flow and give rise (to spuriqusfauls. In no
instancg will the reduction be in excess of a factor of two and the fault detection syste i i der the
alternat|ve test conditions.

B.2.3 Non-contact electrodes

The high-voltage supply to the test electrode shall be d.c. . € ore or
the metallic layer under the sheath shall be continuously ea 8 b Brence
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Annex C
(normative)

Rounding of numbers

C.1  Rounding of numbers for the purpose of the fictitious calculation method

c.1.1 Rules

The f¢llowing rules apply when rounding numbers in calculaling ficlitieus~diamelefs and
determining dimensions of component layers in accordance with Annex A.
When [the calculated value at any stage has more than one decimal place, tf hall be
rounde¢d to one decimal place, i.e. to the nearest 0,1 mm. The_fi I each
stage ghall be rounded to 0,1 mm and, when used to determing sion of
an ovgrlying layer, it shall be rounded before being used i table
The thickness calculated from the rounded value of the f hould in thrn be
rounde¢d to 0,1 mm as required in Annex A.
C.1.2 lllustrations
To illuptrate these rules, the followingcprasti
a) WHhen the figure in the second decima 3 S ding is 0, 1, 2, 3 or 4, then the
figlire retained in the first decimal place remai anged (rounding down).
Exgamples:
b) WHhen the fi ptace before rounding is 9, 8, 7, 6 or 5, then the
figlire in the fi gased by one (rounding up).
Exgamples:
C.2 |Ro umbers for other purposes
Cc.21 Guidance
For purposes other than those considered under C 11, it may be requiredtitat vaftues be

rounded to more than one decimal place. This may occur, for instance, in calculating the
value of several measurement results or the minimum value by applying a percentage
tolerance to a given nominal value. In these cases, rounding shall be carried out to the

number of decimal places specified in the applicable clauses.
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C.2.2 The method of rounding shall then be

— if the last figure to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it shall
remain unchanged (rounding down);

— if the last figure to be retained is followed, before rounding, by 9, 8, 7, 6 or 5, it shall be
increased by one (rounding up).

Examples: 2,449 2,45 rounded to two decimal places
2,449 2,4 rounded to one decimal place
25,0478 = 25,048 rounded to three decimal places
25,0478 = 25,05 rounded to two decimal places
25,0478 = 25,0 rounded to one decimal place

@%

I

U

o
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