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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS —

Part 350: Shipboard power cables —
General construction and test requirements

FOREWORD

1) ThellEC (International Electrotechnical Commission) is a worldwide organlzatlon fgr st
all mational electrotechnical committees (IEC National Committees). The o
intenational co-operation on all questions concerning standardization in the e
this|end and in addition to other activities, the IEC publishes Internati
entrpsted to technical committees; any IEC National Committee inte
part|cipate in this preparatory work. International, governmental and.no
with|the IEC also participate in this preparation. The IEC collaborates
for |Standardization (ISO) in accordance with conditions determi
orggnizations.

2) The|formal decisions or agreements of the IEC on techpical

from all interested National Committees.

3) Thel|documents produced have the form o ecom datior(s fop | ter
of gtandards, technical specifications,
Committees in that sense.

4) In ofder to promote international unificatign,
Starjdards transparently to the maximum) exte
divefgence between the IEQ" S
indig¢ated in the latter.

5) The|lEC provides no maxKi
equipment declared to be i

6) Atteption is dra h
of patent rights.

Intern
cable
and fix

This $
(1994

The textafthis standard is based on the following documents:

mprising
promote

ields. To

ation is
ith may
liaising
nization
he two

ble, an
entation

he form
National

IEC _Natioga Com|ttees undertake to apply IEC Intefnational

fIs. Any
clearly

for any

subject

bs and
mobile

nent 1

FDIS Report on voting

18A/206/FDIS 18A/213/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, D, E and F form an integral part of this standard.

Annex C is for information only.
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This standard forms a part of IEC 60092 Electrical installations in ships.

The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be:

reconfirmed;
withdrawn;
replaced by a revised edition, or

amended.

2

@%
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ELECTRICAL INSTALLATIONS IN SHIPS —

Part 350: Shipboard power cables —
General construction and test requirements

pMs at

1 Scope

This part of IEC 60092 specifies the general constructional requirements and general test
recommendatiors—fot oh;pbuald captes—with coppet conductors—ntended—forpowet ayot
voltages up to and including 8,7/15 kV.

2 N

brmative references

The fqgllowing normative documents contain provisions which, \through

to, or
based

most recent editions of the normative documents ind

latest

registgrs of currently valid International

on this part of IEC 60092 are encouraged to jn

pdition of the normative document referred

IEC 6(0092-351, Electrical installations i 3 Jdnstlating materials for shi
and m 9 sation and control data cables
IEC 6(0092-359, Electrica 59: Sheathing materials for shi
power

IEC 60

IEC 6( - t ables under fire conditions — Circuit integrity
IEC 6( S 0N el¢ under fire conditions — Part 3: Tests on bunched w
cables

IEC 6

Part 1 gral application — Section 1: Measurement of thickness and
dimens$ions —\Tests fordetermining the mechanical properties

s text,
ments
ments
ng the
bs, the
aintain

bboard

bboard

ires or

hbles —
overall

IEC 6(Q8111-2, Common test methods for insulating and sheathing materials of electric c:
Part 1.”"Methods for general application — Section Two. Thermal ageing methods

ables —

IEC 60811-1-4, Common test methods for insulating and sheathing materials of electric cables —

Part 1: Methods for general application — Section Four: Tests at low temperature

IEC 60811-2-1, Insulating and sheathing materials of electric and optical cables — Common test
methods — Part 2-1: Methods specific to elastomeric compounds — Ozone resistance, hot set and
mineral oil immersion tests

IEC 60811-3-1, Common test methods for insulating and sheathing materials of electric cables —
Part 3: Methods specific to PVC compounds — Section One: Pressure test at high temperature —
Tests for resistance to cracking
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IEC 60811-3-2, Common test methods for insulating and sheathing materials of electric cables —
Part 3: Methods specific to PVC compounds — Section Two: Loss of mass test — Thermal
stability test

IEC 60754-1, Test on gases evolved during combustion of materials from cables — Part 1:
Determination of the amount of halogen acid gas

IEC 60754-2, Test on gases evolved during combustion of electric cables — Part 2: Determination
of degree of acidity of gases evolved during the combustion of materials taken from electric

cables

by measuring pH and conductivity

3 Definitions

For th

3.1

3.1.1
insul
asse

— 0on

— individual covering(s) (if any);

- as
- prg
Additig

3.1.2
radial

cable In which e@

3.1.3

screen

condu
may g

3.1.4
condu
part of

purpose of this standard, the following definitions apply.

Definitions concerning cables

ed cable
bly consisting of

e O more cores;

sembly protection (if any);
tective covering(s) (if any).

field cable

ctor

the(cable whieh has the specific function of carrying current

3.15

stranded conductor
conductor consisting of a number of individual wires, all or the major part of which should have
a helical form

NOTE

3.1.6
core
assem

3.1.7
cores

The stranded conductor may be circular or shaped.

bly comprising a conductor and its own insulation

creen

electric screen of non-metallic and/or metallic materials covering the insulation

in the
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3.1.8

shield

surrounding earthed metallic layer to confine the electric field within the cable and/or to protect
the cable from external electric influence

3.1.9

flexible cable

cable which is required to be capable of being flexed while in service, and of which the
structure and materials are such as to fulfil this requirement

3.1.10
cord
flexibl¢ cable with a limited number of conductors of small cross-sectional

3.1.11
length of lay
axial l¢ngth of one complete turn of the helix formed by one of th

3.1.12
separator
thin layer, used as a barrier to prevent mutual ime 6fs between different
compdnents of a cable, for example between condictoy g NS ulation
and sheath

3.1.13
filler
materipl used to fill the interstices bet

3.1.14
inner fovering

non-metallic covering
multicpre cable ve

) of a

3.1.15
sheath
uniform and continyous ruded

3.1.16
overshea
non-metallic sk of the
cable

3.1.17
armour

covering consisting of metal tape(s) or wires, generally used to protect the cable from external
mechanical effects

3.1.18
braid
covering made of plaited metallic or non-metallic material
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3.2 Definitions of dimensional values

3.2.1

nominal value

value by which a quantity is designated and which is often used in tables. Usually, nominal
values give rise to values to be checked by measurements, taking into account specified
tolerances

3.2.2
approximate value
value which is neither guaranteed nor checked; it is used, for example, for the calculation of

other gimenstonat-vatues

3.2.3
median value

when |several results have been obtained and ordered in
succegsion, the median value is the middle value if the number,
the megan of the two middle values if the number is even

asing)
d, and

3.2.4
fictitiqus value
value talculated according to the "fictitious method"

3.3 Definitions concerning the tésts

3.3.1
routing tests

routing tests are tests m
cable

of the

NOTE |By agreement betyee (making
referenge, for examp n which
these tgsts should b@e 0

3.3.2

specigl tests

tests made by~the s from a
completed cdble, s J i ini bts the
desigr specificati

3.3.3

type tests

tests required to be Made by a manufacturer before supplying on a general commercial basis a
type df\eable covered by this standard, in order to demonstrate satisfactory performance
characteristicstomeet theimtended—apphication. T ese testsare of sucit a nature tirat, after
they have been made, they need not be repeated unless changes are made in the cable
materials or design which might change the performance characteristics

4 Conductors

4.1 Material

The conductors shall consist of plain or metal-coated annealed copper.
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4.2

Metal coating and separator

The component copper wires shall be metal-coated when used for conductors having a
thermosetting insulation, unless a separator between the conductor and the insulation is
provided. For conductors having thermoplastic insulation, the metal coating may be omitted.
The same applies to thermosetting insulation provided suitable type tests demonstrate that no

harmfu

| effects occur.

The metal coating shall be considered as satisfactory if, on visual inspection, the wire surface
appears smooth, uniform and bright, and the insulation does not adhere to the conductor.

If a cpemical test IS required It shall be carried out with the methods
specified in annex E.

4.3

compl

NOTE ]
under cg

NOTE 4

d-Tequir

Class and form

which njay be lower than for cables with the same cross-sectignal are

for claps 2.

The npminal cross-sectional area of the c

table 1| or table Il of IEC 6Q
— for|all types of congduc
630 mm2,

NOTE 3

For any ca gquiring larger co
of IEC §0228.

nomingl cross-se

CircuII
sectio

NOTE 4
NOTE §

- Al

Copductors for gables suitable for portable use in ships are under consideration.

conductors shall have a reqular shape. and shall be free from sharp projectio

ments

d shall

nination

t rating,

mitted

fied in

eneral,

class 5

1 mm2

Cross-

s and

other defects liable to damage the insulation.

Compliance with these requirements is checked by the appropriate test requirements specified
in clauses 8 to 12 of this standard.

5 Insulation

5.1

Material

The insulation shall consist of one of the insulating compounds considered in IEC 60092-351.
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5.2 Application of the insulation

The insulation shall be extruded closely to the conductor or to the separator, if any.

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

5.3 Insulation thickness

The insulation thicknesses are specified for each type of cable in the relevant standard.

The ayerage thickness of the insulation shall be not less than the value specified for ea¢h type

of insylation and conductor cross-section.

The tHickness at any point may be less than the specified value p Brence

does ot exceed 0,1 mm + 10 % of the specified value.

6 Cabling

The cgres of a multicore cable shall be laid up. The gitted in the assembly

of mulficore cables.

7 Inper covering, fillers and binders

7.1 Material

The inper covering, if an as specified in the relevant standglard of

the caple.

The inner coveri f||
capanje of with
maximum rated temp

5, shall be of non-hygroscopic suitable material,
ising when the conductors are operating gt their
jble with the insulating material.

An opgn helix of sui B is permitted as a binder before application of an extruded inner
covering. The'this i der tape shall be optional.

When [rihberhike plastic\\nner coverings or fillers are specified, they should consist of ffubber
(including ; and/or non-vulcanized rubber) or plastic compounds, and shall be

\WVhen a non-metallic sheath is applied directly over the inner covefring or
anufacturer's option) substitute partially or totally for the inner cqvering

resistgnt to mo
the fillers, At may
or fillefss

When a "watertight cable" is specified, the spaces among cores and sheath and the interstices
in the conductor strands shall be filled so as to obtain a continuous sealing all along the cable,
which shall comply with the watertightness test specified in 11.10.

7.2 Inner covering thickness

The approximate thickness of the extruded or lapped inner coverings, if any, is specified in the
relevant standard for the cable.
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8 Protective covering

8.1 Constituent elements of protective coverings

The protective covering of any cable consists of one or more "constituent elements” which shall
be specified by the relevant standard for the cable. The following types of "constituent

elements" are considered in this standard:

a) Metallic elements:
1) metal braid armour;

2) [metalrwire armour,
3) | metal tape armour.

b) Noph-metallic elements:
1) |thermosetting or thermoplastic sheath;
2) |impregnated fibrous braid;
3) | bedding for metal armour;

4) | paint for metal armour.

8.2 Metal braid armour

The sfandard type of braid armour sk 3 R ated (galvanized) stee
complyi i jfie F, or copper, tinned co
coppe ires. i idxmay besformed of aluminium-alloy wir

protection against corrosion

The "coverage density"rof the brali t the weight of the braid is at least 9

the wgight of a tube 8 1g-dn internal diameter equal to the cald
internal diameter ha thickgess equal to the nominal diameter of thg
forming the brai@

The di
(For tg

NOTE i e wating the "coverage density" is given by the following formula gi
“filling f
- NPd

sin a
where
a is thle slopejangle between the cable axis and the braid wires;

d is the'diameter of braid wire

N is the number of wires per carrier
P is the number of picks per millimetre.

The corresponding "coverage density", expressed as a percentage, is given by the formula:
T
G = —[F 100
2

To obtain the minimum value of G (90 %) the minimum value of F should be: 0,573.

8.3 Metal wire armour

wires
per or
s with

0 % of
ulated
wires

and B.

ing the

The standard type of metal wire armour shall consist of zinc-coated mild steel wires having an
elongation at break of at least 12 % and complying with the galvanized test specified in 11.12

and annex F.
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On special request, wires may be of a non-magnetic material instead of steel.

Also on special request, and where the diameter under armour is greater than 15 mm, a flat
wire armour may be used.

The wires should be applied over the bedding so as to form a uniform and substantially
uninterrupted cylindrical layer and so as to ensure sufficient flexibility for the finished cable.

8.4 Metal tape armour

The standard type of metal tape armour _shall be made of annealed steel tapes which, on
special request, may be galvanized. Tapes of non-magnetic metals (for jistance copper- or
aluminium-alloys) may be used, on special request, in place of steel tapes.

NOTE [The risk of corrosion shall be considered when using aluminium alloys.

The afmour shall, in general, be formed of two tapes wound s i g same
directipn so that the gap in the first layer is not more than onexhalf © dth, gnd the
second layer covers this gap with an overlap.

Particylar types of metal tape armour (for instance cgnsisting 0 Mmitted,
provided their mechanical characteristics are specifi

For cgbles whose diameter under th
armouy is not recommended.

, the use of a metal type

8.5

For th v@iamers, tape thicknesses and other similar
armou hall beNdnderstood as nominal values, complying
with 11.6.

8.6

8.6.1

The sh e sheathing compounds considered in IEC 60092-359. The
quality shall be suitable for the operating temperature of the cable.
8.6.2

The thi sheaths are specified in the relevant standard for each type of|cable.
The ayerage)value of'the sheath thickness shall be not less than the specified value.

The thickness at any point may be less than the specified value but shall not fall below 85 % of
the specified nominal thickness by more than 0,1 mm for sheaths applied on a smooth
cylindrical surface, or below 80 % of the specified nominal thickness by more than 0,2 mm for
sheaths applied on an irregular cylindrical surface.

8.7 Impregnated textile braid

The textile braid, if permitted, shall be of cotton, hemp, glass, or synthetic or other equivalent
textile fibre.

It shall be effectively impregnated with a compound which is resistant to moisture and free from
deleterious action upon the various materials constituting the cable.
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8.8 Bedding of armour
When tapes are used as a bedding, they shall be wound in such a manner that each tape

covers the gap (if any) between the adjacent edges. Woven tapes (for instance cotton or glass
tapes) should be saturated or coated with a moisture-resistant compound.

Synthetic tapes (for instance PVC tapes) do not need coating.

When fibrous rovings are used (for instance jute or glass rovings), they shall be wound in close
spirals and be saturated and filled with a moisture-resistant compound.

When Ja fibrous braid is used as a bedding, it shall comply with 8.7.

When Ja non-metallic sheath is used as a bedding, it shall comply with
The relevant thickness shall be considered as an approximate vatte,

8.9 Removal of the protective coverings
It shal| be possible to remove easily:

— thqg outer sheath from the metallic covering
and
— thg metallic covering from the inner ¢Q

9 Tgst conditions

9.1 Ambient temp
Unlesg otherwise Specifi
ambiept tempera

9.2

b at an
) °C.

The fr
form s

wave-

10 R

10.1 | General

The routine tests required by this standard are:

a) measurement of the electrical resistance of conductors (see 10.2);

b) high-voltage test (see 10.3);

c) insulation resistance test (see 10.4).

The routine tests shall normally be carried out in all finished cable lengths, but the number of
lengths may be reduced by agreement between the purchaser, the manufacturer and, when

involved, the approval organization (making reference, for instance, to the results of quality
control procedures).
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The routine test may be carried out, at the manufacturer's option, either on delivery lengths or
on manufacturing lengths before they are cut into delivery lengths.

10.2

Electrical resistance of conductors

a) For multicore cables, measurements shall be made on all conductors of each cable length

sel

ected for the routine test.

b) The completed cable length, or a sample therefrom, shall be in the test room, which shall
be maintained at a reasonably constant temperature for at least 12 h before the test. If it is
doubtful whether the conductor temperature is the same as the room temperature, the

rest 24 h.
Alternatively, the resistance shall be measured on a sample of conductor conditioned for at
legst 1 h in a temperature-controlled bath.
The measured value of resistance shall be corrected to a temp | 1 km
length in accordance with the formulae and factors given in claus

c) The d.c. resistance of each conductor at 20 °C shall not exceed\the appropriate maximum
value specified in table Il for class 2 and table Il for class

10.3 | High-voltage test

a) Thp high-voltage test shall be made at amb =T turer's
opfion, alternating voltage at powe high-
freguency or other forms of voltagé

b) Single-core cables without metalli be immersed in water at| room
temperature for 1 h and the test vol or 5 min between the conductor and
thg water.
Alternatively for single or ycles , at manufacturer's option, a spark test

shall be carried ou in the
ingulation having ulation
thi¢ e and
the and at
the e test
reg e reference method to be used to establish the gfficacy
of

c) Fof hall be
appli r ones
co]: » uitably
co ive applications of the test voltage to limit the total testing time,
prqvided th equence of connections ensures that the voltage is applied for gt least
5 min without intefruption between each conductor and the other conductors and bg¢tween
eathdeonductor and the metallic covering, if any.

d) Unless otherwise stated in the relevant standard for the cable, the values of the fest voltage

for

the standard rated voltages are given in the following table 1:
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Table 1 — Test voltage

Rated voltage of cable Test voltage for 5 min
U,/U Alternating current (a.c.) Direct current (d.c.)
kv kv kv
Up to and including 0,15 / 0,25 1,5 3,6
Up to and including 0,6 / 1,0 3,5 8,4
Up to and including 1,8 / 3 6,5 15,6
Up to and including 3,6 / 6 11 26,4
Up|to and including 6 / 10 15 36
Up|to and including 8,7 / 15 22 r\52’
e) Thp test voltage shall be increased gradually to the specifi wawn of
thg insulation shall occur.
10.4 | Measurement of insulation resistance
a) The insulation resistance shall be measured at ambi 3 : age of
80|V to 500 V, after the high-voltage test has b j
b) The \ge. In
ceftain cases, however, in order to\teach a ady-state condition, the fime of
application may be prolonged up to a
c) Thg connection procedure in carryi be as
follows:
— |for single-core abl ement
shall be perfor
— |for single e ement
shall be perfor hall be
- ulation
t shall be performed in turn between each conductor and all
— nt test
and all
layers
‘ he last
conductor of each layer having an uneven number of conductors.
d) The_measurement values of the insulation resistance shall he corrected tao the reference

temperature of 20 °C by using an appropriate temperature correction factor based on
experimental results obtained on the insulation material concerned.

e) The insulation resistance constant K; shall be calculated using the formula:

where
is the measured insulation resistance, in ohms, corrected to 20 °C;

R

1
D
d

-9

K = /:?X—loD MQEm
O =
910 4

is the length of the cable, in metres;

is the outer diameter of the insulation, in millimetres;

is the inner diameter of the insulation, in millimetres.
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The calculated value of K; shall be not less than the value specified for the relevant insulating

material in table 2 of IEC 60092-351.

NOTE 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.

11 Special tests

11.1 General

The special tests required by this standard are:

a) cofductor examination (see 11.3);
b) check of dimensions (see 11.4 and 11.7);

c) Hdgt-set test for insulation and for sheaths: see tables 2
compounds in the test method (see 11.8);

d) tegt at low temperature for PVC (see 11.9);
e) watertightness test (see 11.10);

f) tej

g) galvanizing test (see 11.12).

t of the metal coating of copper wires (see 11.1

11.2 | Frequency of special tests

a) Conductor examination and check of di

Cohductor examination, measure ent
mgasurement of the ove >

len
limlited to not more

b) E

dctrical and physjcalY
By agreeme
on[samples taképfi

lity of

,ess of insulation and sheath and
he purchaser, shall be made
fhe type and size of cable, but s

bn one
nall be

manufacturer, the test specified shall bel made
ma uf tured for the contract, provided that the total|length
in dlticore cables or 4 km of single-core cables, pn the
fol
ber of samples according to cable length
/\ AN
\ \\/ Cable length
Norécables Single-core cables Number
Above Up to and Above Up to and of samples
including including
II\III II\III II\III II\III
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc. etc. etc.
11.3 Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction shall be checked by

inspection and by measurement when practicable.
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11.4

Measurement of thickness of insulation

a) Sampling

b) Pro¢cedure
The test procedure shall be in accordance with clause 8 of IE
c) Refuirements
Fo[ each piece of core, the average values, which s
0,1 mm (see annex B), shall be not less than the
smfallest value shall not fall below 90 % of the sp
11.5
a) Sampling
Ea
tak
If the average thickness ue measured on either of the two
fails to meet the r c) of 11.5, two further pieces s
checked. If both o ‘ igces~medt the specified requirements, the c
deemed to comply, ~ does not meet the requirements, the cable is d
not to compl
b) cedure
c)
measured values shall be not less than the specified nominal thickness;

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 cables having more than three cores of equal nominal cross-section, the number of
cores on which the measurements are made shall be limited to either three cores or 10 %
of the cores, whichever figure is the larger.

If the average thickness measured or the lowest value on either of the two pieces, fails to

meet the requirements specified in item c¢) of 11.4, two further pieces shall be chec

ked. If

eS€ e€es ee Spe GtHemen S D ned to

earest
nd the
m.

gs)

e, one
hrded.

pieces
all be
ble is
eemed

or the

of the

) Ll & 1 1 Ll bl ool Q. £ bl H ] H Ldlosal
uie Sliirdiicstl valdc sriall T1TUt 1all UCIUW OJ 0 U uic SPgTuIlicu TTUTTTTTar trirCRTT

more than 0,1 mm.

ss by

— For a sheath applied on an irregular cylindrical surface (e.g. a penetrating sheath
embodying an inner covering or a sheath applied directly over a tape or wire armour),
the smallest measured value shall not fall below 80 % of the specified nominal
thickness by more than 0,2 mm.
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Dimensions of armourings

a) A number of micrometer measurements should be made on some specimens selected at
random, in order to check that metal wire diameters and metal tape thicknesses comply
with the nominal values. Compliance should be understood as follows: All individual
measured values to be not smaller than 90 % of the nominal value minus 0,03 mm, and not
greater than 110 % of the average value plus 0,03 mm.

b) Checking of the coverage density of a metal braid armour should be carried out by
weighing a braid specimen at least 25 cm long; the weight should not be less than 90 % of
the calculated weight of an equivalent tube as specified under 8.2. Alternatively, the filling

fa

tor shall be not less than 0.573 (see note to 8.2)

11.7

If the
be car

11.8

a) Pro¢cedure

Th
IE(Q
an

b) Re|
Th
ins

11.9

Th
em
in
b) Re
Th

11.10

SHF 2 sk@s
a) Pro¢cedure

Measurement of external diameter

compounds in the test method)

e sampling and test procedure shall be

Watertight

When

t shall

y of

e 9 of
lation,

51 for

and

11-1-4

pd and

a cable is required to be "watertight" this test should be carried out with the meth

requirements given in the following items.

a) Ge

neral

If a cable is required to be "watertight", the volume of water lost by the cable specimen,
when tested in the conditions specified in items b), ¢) and d) below, should be not greater
than the value V calculated from the formula:

wh
N
A

V=10 N (A + 2), incm3
ere
is the number of conductors in the cable, and
is the cross-section of each conductor, in mm?2,

In any case, the lost volume should be not more than 2 000 cm3.
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b) Specimens

The specimen should be a piece of finished cable, 1,5 m long, which has not been

subjected to prior flexing, heating or any other test. The metal armour may be re
from the ends, without disturbing the cable, to facilitate the making of a watertight gla

c) Apparatus
A small water tank fitted with a watertight stuffing tubes should be connected with a

moved
nd.

device

permitting the application of a controlled pressure, which is measured by a gauge, and with
a device permitting the detection of leakages, if any. The fitting used for securing
specimens to the tank should neither constrict nor widen the ends of the said specimens

and should not give rise to leakage.

d) Prjwedure

Onle end of each specimen should be secured to the tank, then the
abput 1 min to 0,1 MPa and maintained at this value for 3 h. Any
or from the surface of the specimen should be collected and meas

11.11 | Test of the metal coating of copper wires

The metal coating should be considered satisfactory,if, onVv

If ac it should be g3

specifi

nemical test is required,

arried out on wire specimens take
ig applied on the armour, this test sha

rease jof the ac. capacity after immersion in water (see 12.3);

.B), the

ctor.

ments

usting,
n from
uld be

cable,

-yoltage test for 4 h (see 12.4)

12.2 Insulation resistance measurement
12.2.1 Measurement at room temperature

a) General

This test shall be made on the sample length before any other electrical test. All outer
coverings shall be removed and the cores shall be immersed in water at room temperature
at least 1 h before the test. The measurement shall be made between conductor and water.

If requested, measurement may be confirmed at (20 £ 1) °C.

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

not more than 5 min.
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b) Calculations

Th

e "insulation resistance constant K;" shall be calculated from the formula:

-9
K, = LIR*10 7 _ 1979 x 0,367p IMQ km

logsg %

001(E)

Volume resistivity may also be calculated from the measured insulation resistance by the
following formula:

p= 21lR
;. D
d
where
R |is the measured insulation resistance in ohms;

[N

D
d

c) Re

Th
tah

NOTE
perimet

12.2.2

a) Th

Th
no

b) Calculations

Th
ins
c) Re

Th
tah

whjch shall be heate

is the length of the cable in metres;
is the outer diameter of the insulation in millimetres;

is the inner diameter of the insulation in millimetres.

quirements

P values calculated from the measuremep
le 2 of IEC 60092-351.

For the core of shaped conductors, th
br over the conductors.

e d.c. test
more than 5'm

12.3

lncrease in a.c._capnacitance after immersion in water
L

fied in

h to the

water

in and

bm the

ffied in

When required by the purchaser and agreed by the manufacturer, the water absorption test for
insulating materials described in IEC 60092-351 shall be carried out in accordance with the

followi

ng method:

a) Preparation of test specimens

Every test specimen shall consist of a core sample 4,50 m long in which any covering of the

ins

ulation (including vulcanization tape if any) has been removed.
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b)

d)

e)

insulafion shall occ

Apparatus

A water-tank shall be used such that the central portion of the test specimen is immersed
over a length of 3 m whilst a length of 0,75 m is maintained above the water-level at each
end.

The water shall be thermostatically maintained at a temperature of (50 = 2) °C.
The water level shall be maintained constant.

Procedure

The test specimen shall first be dried for 24 h in an oven, the air of which is maintained
between 70 °C and 75 °C

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

as|indicated above, in tap water which has been previously heated tg
The immersion shall be maintained at this temperature for 14 day

E

The capacitance between conductor and water shall be xie
freguency of 800 Hz to 1 000 Hz.

These measurements shall be carried out:

dctrical measurements
c.ata

— |at the end of the first day;
— |at the end of the seventh day;
— |at the end of the fourteenth day;

prgcautions being taken to ensure tha for all
measurements.
Refsults to be obtained
The capacitance CINC7 a S:
ater at
pplied

hintained~sqntinyously for 4 h between the conductor and the water. No breakdowr] of the

13 Type tests, non-electrical

The non-electrical type tests required by this standard are summarized in table 3 for insulation
and in table 4 for non-metallic sheaths.

13.1 Measurement of thickness of insulation

a)

Sampling
One sample of each insulated cable core shall be taken from each of three places
separated from each other by at least 1 m.

For cables having more than three cores of equal nominal cross-section, the number of
cores on which the measurement is made shall be limited to three cores or 10 % of the
cores, whichever is larger.
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Procedure
The measurement shall be made as described in clause 8 of IEC 60811-1-1.
Requirements

The average, which shall be rounded off to the nearest 0,1 mm (see annex B), of all the
measured values on each core, shall be not less than the specified nominal thickness, and
the smallest measured value shall not fall below 90 % of the specified nominal thickness by
more than 0,1 mm.

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

a) Sapmphng
One sample of cable shall be taken from each of three places separate her by
at least 1 m.

b) Procedure
The measurements shall be made as described in clause 8 of

c) Reguirements

Eafh piece of sheath shall comply with the following:

— |For a sheath applied on a smooth cylindrical 2 \ inner covering|or the
insulation of a single core):

* The average, which shall be mm (see annex B) of the
measured values, shall be got [ess ¢har [ inal thickness;

e the smallest value shall not fa : >_gpecified nominal thickngss by
more than 0,1 mm.

— | For a sheath applied.on an irregular\cyligdrical surface (e.g. a penetrating sheath on an
unarmoured multicd vitheut I8 covering, or a sheath applied directly jover a
tape or wire ar
. more

13.3 | Tests for de er

ageing

a) Sampling
Samphng & pbed in
clau

b) Aggi
The ageing treatwénts shall be carried out as described in clause 8 of IEC 60811-1-2 under
thg conditions specified in table 3 of IEC 60092-351.

c) Conditioning and mechanical [ests
Conditioning and the measurement of mechanical properties shall be carried out as
described in clause 9 of IEC 60811-1-1.

d) Requirements

The test results for unaged and aged pieces shall comply with the requirements given in
table 3 of IEC 60092-351.

13.4 Tests for determining the mechanical properties of sheaths before and after

a)

ageing

Sampling

Sampling and the preparation of the test pieces shall be carried out as described in
clause 9 of IEC 60811-1-1.
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b) Ageing treatments

The ageing treatments shall be carried out as described in clause 8 of IEC 60811-1-2 under
the conditions specified in table Il of IEC 60092-359.

c) Conditioning and mechanical tests

The conditioning and measurement of mechanical properties shall be carried out as
described in clause 9 of IEC 60811-1-1.

d) Requirements

The test results for unaged and aged test pieces shall comply with the requirements given
in table Il of IEC 60092-359.

13.5 | Additional ageing test on pieces of completed cables (compatils

a) General

This test is intended to check that the insulation and sheath are
operation due to contact with other components in the cable

grate in

The test is applicable to cables of all types.

b) Sampling
Samples shall be taken from the completed cable as descri ' |-1-2.

The en, as
described in clause 8 of IEC 60811-1-
— | Temperature:
(10 £ 2) °C abovertl if the
operating temperature o j | rated

- Duration:<:>2
d) Medchanical tests

Tept pieces afi ‘ gth from the aged pieces of cables shall be prepdred as
desgcribed i

e) Regui
The wa C 3 break
before and-afier\agei values
applying 51 for

insjulationvand tabfe Il of IEC 60092-359 for sheath.

13.6 Loss of mass test on PVC insulation and sheaths

a) Procedure
The sampling and test procedure shall be in accordance with clause 8 of IEC 60811-3-2.
b) Requirements

The test results shall comply with the requirements given in table 4 of IEC 60092-351 for
insulation and table Ill of IEC 60092-359 for sheaths.
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13.7 Test for the behaviour at high temperature of PVC insulation and PVC and SHF 1

a)

b)

13.8 | Test for the behaviour at low temperature of PVC insulation g

a)

b)

13.9 | Test for resistance to cracki

a)

b)

13.10

b)

sheaths (pressure test)

Procedure

The sampling and test procedure shall be in accordance with clause 8 of IEC 60811-3-1
employing the test conditions given in the test method and in table 4 of IEC 60092-351 for
insulation, and table Ill of IEC 60092-359 for sheaths.

Requirements

The test results shall comply with the requirements given in table 4 of IEC 60092-351 for
insulation and table Il of IEC 60092-359 for sheaths.

and
SHF 2 sheaths

Procedure
The sampling and test procedures shall be in accordance tith Ck 11-1-4
employing the test temperatures specified in table 4 of 1k ion and

talgle 11l of IEC 60092-359 for sheaths.
Rejguirements
The test results shall comply with the requirem

(heat shock test)

Prgcedure

The sampling and tes pro AT i -3+-1, the
teqt temperature and p 2 [ D2-351
forlinsulation and table I1Nf IE C

Rejguirements
The test resu@

) b e 8 of
IE 6081 5251, the ing i i 351 for

Rejguirements

The resulis of the test shall comply with the requirements of clause 8 of [EC 60811-2-1.

13.11 Hot-set test for insulations and for sheaths (see tables 2 and 3 for applicability

a)

b)

of compounds in the test method)

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 table 4 of IEC 60092-351 for insulation
and table Il of IEC 60092-359 for sheaths.

Requirements
The test results shall comply with the requirements given in table 4 of IEC 60092-351.
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13.12

Oil immersion test for elastomeric sheaths

a) Procedure

The sampling and test procedure shall be carried out in accordance with clause 10 of
IEC 60811-2-1, employing the conditions given in table Il of IEC 60092-359.

b) Requirements

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

13.13

Flame retardance test

This t
requirg

13.14

This tq

The method of test and requirements shall be those specifi

13.15

a) Procedure

Th
IE

b) Re

Th
IE

13.16

Th
IE(

b) Re
Th

13.17

Determin?’on
a) Procedure

pst shall be carried out on pieces of completed cable. The methads of te
ements shall be those specified in IEC 60332-3 for category A.

Test for fire-proof or fire-resisting cables

st shall be carried out on pieces of completed cable only

Determination of hardness for HEPR and

e sampling and test procedurexshal be i accordance with annex
C 60092-351.

quirements

e test results of th ith\ tle requirements given in table
C 60092-351.

Determinatiomof degree of acidity of gases evolved during the combustion ¢f

a) Pr
Th
b) Re

insulating materials by measuring pH and conductivity

cedure
e sampling and test procedure shall be carried out in accordance with IEC 60754-2.
guirements

5t and

A of

4 of

b sampling B of
C 60092-357

quiremEents

P 351.

The results of the test shall comply with the requirements given in table 4 of IEC 60092-351.

13.18

Determination of the amount of halogen acid gas for sheathing materials

a) Procedure

Th

e sampling and test procedure shall be carried out in accordance with IEC 60754-1.

b) Requirements

The results of the test shall comply with the requirements given in table Il of IEC 60092-359.
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Table 3 — Non-electrical type tests for insulation

0 1 2 3 4 5 6 7 8 9 10
Insulation
Designation of compounds Thermo- Elastomeric
plastic
PVC/A S 95 HFS EPR HF HEPR HF XLPE HF HF 85
95 EPR HEPR XLPE
1 Dimensions
la Measurement of thickness X X X X X X X X X | X
2 lechanical properties (tensile strength and elongation) /\
2a Before ageing X X X X X X ’\&x X X X
2b  After ageing in air bomb - - - X X /{\ X \ - -
2c \fter ageing in air oven X X X X X \ \ \ \/x) X
2d \fter additional ageing in air X X X X §\ \x\ \\ \)9 X X
ven (compatibility) N NS

3 Thermoplastic properties \\ \ >
3a Hot pressure test (indentation) X - - - — - - - - -
3b Behaviour at low temperature X - \ )—/ K - - - - -
4 Miscellaneous /\ > ( ) .
4a oss of mass test in air oven X - - A - - - - - -
4b Heat shock test (cracking) x/L - \ - - - - - - -
4c Dzone resistance test —\ (\ \ }> X X X - - X
4d Hot set test < ’\\ \J ‘>\< X X X X X X X
4f Hardness [\ N N = } - - X X - - -
49 Flastic modulu/s\ k \— \ - - - X X - - -
4h H Q > < < - = X - X - X - X X
4j Conductivity J\\/ - X - X - X - X X
X Indicates that@e\x}&tes}&to e app/led
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Table 4 — Non-electrical type tests for non-metallic sheaths

0 11 12 13 14 15 16
Non-metallic sheaths
Designation of compounds Thermoplastic Elastomeric
ST1 | ST 2 | SHF1 SE1 | SH | SHF2

1 Dimensions
la Measurement of thickness | X | X | X | X | X | X
2 Mechanical properties (tensile strength and elongation)
24 Before ageing X X X X / X X
2b) After ageing in air bomb - - /\\ ~ o
2¢| After ageing in air oven X X X /\\ \&\ X
2d After additional ageing in air oven X X X X \ \/x

(compatibility) (\
2¢| After immersion in hot oil - - —\ N X }/ X
3 Thermoplastic properties \ \
34 Hot pressure test (indentation) X /x/\ X —\ - o
3b) Behaviour at low temperature N \ X / A X — - X
4 Miscellaneous A > ( Q ‘\}
44 Loss of mass test in air oven = \ X / - -
4b Heat shock test (cracking) ﬁ N N \ X - - o
4c Ozone resistance test \ (\ \/ - X X X
4d Hot set test < /\\ \) >— - X X IX
4e Flame retardé}\{e t}st\ N aN X X X X X X
4f Hardne;si \/\ \— - - - - -
49 Elastﬂs\myhul & - - - - - o
4h| Deternmww - - X - - X

halogey agidhgas
X Ingi atcxthé\th typ@QsM be applied

=
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Annex A
(normative)

The fictitious calculation method for determination
of dimensions of protective coverings

The thickness of cable coverings, such as sheaths and armour, has usually been related to
nominal cable diameters by means of "step-tables".

This spmetimes causes problems. The calculated nominal diameters a ily the
same ps the actual values achieved in production. In borderline cases«qu e if the
thickn¢ss of a covering does not correspond to the actual diame c . ulated
diameter is slightly different. Variations in shaped conductor dilmensions manu-
facturers and different methods of calculation cause differences’in™rgminal, diameter d may
therefgre lead to variations in the thickness of coverings used i sign of
cable.

To avq ignore
the sh s from
formul an thickness and nunpber of
cores. meters
by for ecified
and t vefings to be used, whi¢h are
indepsd fices. This standardizes cable de¢signs,
thickn

The fig Erings.
It is ng poses,
which

Al

A.ll od of calculating thicknesses of various coverings in a cable
has bq any differences which can arise in independent calculptions,
for ex ion of conductor dimensions and the unavoidable diffefences
betwe Ily achieved diameters, are eliminated.

A.1.2 alues and diameters shall be rounded, according to the rules gfven in
annex|B tao'the first décimal figure.

A.1.3 "Holding sirips, for example counier-helix over armour, I not thicker than 0,3 mm, are

neglected in this calculation method.

A.2

A.2.1

Method

Conductors

The fictitious diameter (d|) of a conductor, irrespective of shape or compactness, is given for
each nominal cross-section in the following table:
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Table A.1 - Fictitious diameter d,

Nominal cross-section a. Nominal cross-section a.
of conductors of conductors
mm? mm mm? mm
1 1,1
1,5 1,4 95
2,5 1,8 120
4 2,3 150
6 2,8 185
10 3,6 240
16 4.5 300
25 5,6 400

35 6,7 500

50 8,0 630 Q
70 9,4 /\ Tl

A.2.2 Cores

The figtitious diameter D, of any core {

where

A.2.3
The fig

a) for

where|th as given in the following table:
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Table A.2 — Assembly coefficient k

Number of cores

Assembly coefficient

Number of cores

Assembly coefficient

k k

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
7+ 3,35 31
8 3,45 32
8* 3,66 33
9 3,80 34
9* 4,00 3

10 4,00 \

10* 4,40 3

11 4,00 8

12 4,16 3@

12* 5,00 40

13 4,41 4

14 4,41 42

15 Q 43

16 44

17 45

18 46

18* 47

19 48

20 52

21 61

24

* Coreg assémbled inMayer.

b) For four-core cables with one insulated conductor with reduced cross-section:

where

24130, 1+D; 2)
f =

, in millimetres

D1 is the fictitious diameter of the insulated phase conductor, including metallic layer, if any;

D, is the fictitious diameter of the insulated conductor with reduced cross-section.
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A.2.4 Inner coverings

The fictitious diameter over the inner covering Dg is given by:
DB = Df + 2 tB

where tg is the appropriate value of the inner covering, if any, specified in the standard of the
relevant cable.

A.2.5 Sheath

The figtitious diameter over the sheath Dy is given by:
Dg = D, + 2 tg, in millimetres
where
D, is the fictitious diameter under the sheath;
t; is the thickness specified in the standard of the relevan
A.2.6 he inner covering)
Fictitious diameter under the admna\\gédqmg\ \ ncrease in diameter for addlitional
Above p to and Mchdin bedding
mm (N mm
. QN ¥> s
30 N - 1,6
s\/
a2 \§
The fig 318 the armouy D, is given by:
— for &\ armo
D, = Dy + 2 t,, in millimetres
where
D,| is(the fictitteds diameter under the armour;
ty | \is‘the thickness or diameter of the armour wire.

— for tape armour:
D, = Dp + 4 tp, in millimetres

where
D, is the fictitious diameter under the armour;
ty is the thickness of the armour tape.
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— for braid armour:

D, = Dp + 5 d,,, in millimetres
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
(normative)

Rounding of numbers

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

B.1.1 The following rules apply when rounding numbers in calculating fictitious diameters and

deternjining dimensions of component layers in accordance with annex A.

When [the calculated value at any stage has more than one decimal flace, the

rounde
shall § t
overlying layer, it shall be rounded before being used in the appropx
thickng¢ss calculated from the rounded value of the fictitious dig p
to 0,1 mm as required in annex A.

B.1.2

a) Wi
figuire retained in the first decimal glace

Expmples:

b) When the figure ingthe seco
figuire in the first delcin

Expmples: Q

B.2
B.2.1
averag

tolerarn
of dec|mal, places specified in the relevant clauses.

ce, to a givenyilominal value. In these cases, rounding shall be carried out to the n

valsge s

hall be
stage
of an
e. The
unded

en the

en the

values
ing the
bntage
umber

B.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 = 24 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
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Calculation of the lower and upper limits for the average outer dimensions
of cables with circular copper conductors

C.1 General

This annex specifies a method for the calculation of the lower and upper limits for the average

outer diameter of cables with circular copper conductors.

C.2 |[Lower limit for the average outer diameter

c21
wiring.

C.2.2 | Calculate the nominal diameter over the core by adding
condugtor diameter, obtained as in C.2.1, twice the specified
the inqulation and of any other mandatory coverings of the indiyi

c.2.3
in C.2.R by the appropriate value of thedass

or fixed

of the
ess of

C1.

Table C.1 — Assembl
[N
Nulmber of cores mely/ca@i\s{ent\g \N{}rb/er of cores Assembly coeffidient k

2 \(2,00 i)\/ 25 6,00
3 2, 26 6,00
4 [ 2, 27 6,15
5 28 6,41
6 29 6,41
7 30 6.41
T* 31 6,70
8 32 6,70
8* 3,66 33 6,70
9 3,80 34 7,00
4,00 35 7,00
4,00 36 7,00
10* 4,40 37 7,00
11 4,00 38 7,33
12 4,16 39 7,33
12* 5,00 40 7,33
13 A4t %t 67
14 4,41 42 7,67
15 4,70 43 7,67
16 4,70 44 8,00
17 5,00 45 8,00
18 5,00 46 8,00
18* 7,00 47 8,00
19 5,00 48 8,15
20 5,33 52 8,41
21 5,33 61 9,00

22 5,67

23 5,67

24 6,00

* Cores assembled in one layer
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