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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 354: Single- and three-core power cables
with extruded solid insulation for rated voltages
6 kV (U, =7,2 kV) up to 30 kV (U, = 36 kV)

FOREWORD
1) ThellEC (International Electrotechnical Commission) is a worldwide organization fg i 9 nprising
all pational electrotechnical committees (IEC National Committees). The obje e is Yo promote
intenational co-operation on all questions concerning standardization in the e alect iplds. To
this|end and in addition to other activities, the IEC publishes Internatiopa Q i pafation is

entriisted to technical committees; any IEC National Committee intergsted\

ith may

part{cipate in this preparatory work. International, liaising
with| the IEC also participate in this preparation. The hational
Orggnization for Standardization (ISO) in accordance with condition een the
two prganizations.

2) The|formal decisions or agreements of the IEC on technical matter ble, an
intefnational consensus of opinion on the relevant subjects isincg i C i entation
from all interested National Committees

3) Thel|documents produced have the form of/fecomm he form
of standards, technical specifications, National
Conjmittees in that sense.

4) In ofder to promote international unificatiq national

Star
indi

5) The
equi

6) Atteption is dra

wirto th N ) . .
of pgatent rights. r 2 jBle for identifying any or all such patent rights.

cable
mobile

This s
a tech

The telxt of.this standard is based on the following documents:

dards transparently to the maximum| exte poss Ie in their national and regional standarfls. Any
divefgence between the IEC~Standard and the mational or regional standard shall bsg

ated in the latter.

clearly

for any

subject

s and
and of

gtitutes

FDIS Report on voting

18A/243/FDIS 18A/245/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

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

This standard forms a part of IEC 60092 Electrical installations in ships.
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The committee has decided that the contents of this publication will remain unchanged until 2008.
At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.

@%
S



https://iecnorm.com/api/?name=81c949fa2ac96362fbe1edc16d2620d2

-6- 60092-354 0O IEC:2

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 354: Single- and three-core power cables
with extruded solid insulation for rated voltages
6 kV (U,, =7,2 kV) up to 30 kV (U,, = 36 kV)

1 Scope and object

This part of IEC 60092 is applicable to shipboard and offshore power dables with~ex

6/10 (
fixed i

The v4
test m

specified in this standard.

The of

- to
ac

- to
dir|

- to

NOTE

NOTE 1
eration

2 Nq

The fd

of the

IEC 6(

IEC 6(

003(E)

bthods are expected to comply with those indicated 4

ject of this standard is:

IEC 61892-4, Mo
by TC18.

brmative re

092-350, Electrical installations in ships — Part 350: Shipboard power cables — G

truded
12) kV,
ed for

ts and
lerwise

cables

consid-

Iiment.
edition

eneral

constr

ction and test requirements

IEC 60092-351, Electrical installations in ships — Part 351: Insulating materials for shipboard
and mobile and fixed offshore units power, telecommunication, and control data cables

IEC 60092-352, Electrical installations in ships — Part 352: Choice and installation of cables
for low-voltage power systems

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

power

and telecommunication cables

IEC 60228, Conductors of insulated cables

IEC 60230, Impulse tests on cables and their accessories
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IEC 60332-3-22, 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 60811 (all parts), Common test methods for insulating and sheathing materials of electric

cables

and optical cables

IEC 60885-2, Electrical test methods for electric cables — Part 2: Partial discharge tests

3 Definitions

F h s 'l FR) i, H H [N e WY aVaVaVallla ¥ Fal
Ol't P PUTPUST S Ul TS UUTUTTITTIL, LT UTTITITUUTTIS YIiveTlh T TE'W OUU I =0 JU

4 Rated voltage

The s

follows:

U

In the voltage designation of cables given above,

Uy i

U i

Uy |

Refer

NOTE
5 Ty

The in
XLPE

6 Ty

for which the cable is designed;

designed;

andard rated voltages U,/U (U,,) of the cables consi

s the rated power-frequency

hlso to IECiOO )
Refer also to G

are as

creen,

ble is

hay be

HEPR,

The sk

eathing compounds and their designations shall be those given in IEC 60092-359.
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7 Markings

7.1 Indication of origin

Cables shall be provided with a continuous indication of origin (manufacturer’s name or trade
mark), rated voltage (U,/U ) and construction (number of cores and cross sectional area of
power conductors) to be printed or embossed on the sheath. In addition, it is permitted to
include an identification thread or printed tape. In the case of braid armour applied over the
outer-sheath, identification by thread or printed tapes inserted under the braid is obligatory.

EXAMPLE

“name or trade mark” 6/10kV 3 x70

7.2 Continuity

The marking of the manufacturer's name or trade mark is deégm if the
distange between the end of any marking and the beginning of
550 mm if the indication is on the outer sheath, or
279 mm in all other cases.
7.3 |Durability
Printed marking shall be durable. Compliance this ement is checked by the test
of 17.1.
7.4 |Legibility
The marking of the mapufacture
7.5 |[Core iden?‘ ica
Cores|of cables skajJl't nall be

easily [distinguishah(s

8 Generaf des

The cab 8- or three-core radial field cables constituted as follows: ¢opper
condugtor, i-conducting screen, insulation, insulation semi-conducting and
metalljc screenm\ai (for three-core cables). The following types and combinatipns of
protective coveringsvand layers are permitted:

a) a billgic streathrofonmeof thematertatstisted-mmHEC66692=-359;
b) an inner sheath and an outer sheath of one of the materials listed in IEC 60092-359;
c) a single sheath of one of the materials listed in [IEC 60092-359 with an outer metal braid;

d) an inner sheath, a metal armour, and an outer sheath of one of the materials listed in
IEC 60092-359.

e) a copper braid over an extruded inner covering with an outer single sheath of one of the
materials listed in IEC 60092-359.

A thermoplastic inner sheath is not recommended where the outer sheath consists of a vulcan-
ized material.

NOTE Cables for installation in spaces where corrosion may occur, e.g. weather decks, wet locations, battery
compartments, refrigeration spaces, etc., shall have an outer sheath over the braid, if any, unless the braid itself is
corrosion resistant.
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9 Conductors
Material, metal coating and class of the conductors shall be in accordance with IEC 60092-350.

The form of the conductor shall be round circular stranded, non-compacted or compacted, in
accordance with Class 2 of IEC 60228.

To aid installation a conductor of Class 5 may be used. Cables with such Class 5 conductors
should not be regarded as suitable for repeated flexing in service.

NOTE When using cables with Class 5 conductors, users should carefully check the applicable current rating,

which may-be-lowerthan-thatforcables-with-the-same-cross-sectional-area-of-Class—2 conduciors
J

m2 for
cables

The njinimum cross-sectional area shall be 10 mm?2 for 3,6/6 (7,2)
6/10 (12) kV cables, 25 mmZ2 for 8,7/15 (17,5) kV cables, 35 mm?2
and 50 mm2 for 18/30 (36) kV cables.

10 Insulation

10.1 |Material

Insulation shall be extruded solid dielectric of one of|the(types‘indicated/in Clause 5.

10.2 |Electrical and non-electrical ¢

These|shall be as specified in IEC 6009

10.3 [Thickness of insul

a) Thg average thickness™shalNbe notes the value specified for each rated yoltage
and cross-section

b) The th|ckne brence
does not ex
c) Thg thickness n shall
not be includéd i
1 — Nominal thickness of insulation
Nomin I ross Nominal thickness of insulation at rated voltage U,/U (Un)
sectiopal area \3
of conpductor ,6/ (7, kV 6/10 (12) kV 8,7/15 (17,5) kV 12/20 (24) kV 18/30 (86) kV
rrm m mm mm mm min
Q 2,5 - - - -
5 75 3.7 = = =
25 2,5 3,4 4,5 - -
35 2,5 3,4 4,5 5,5 -
50 to 185 2,5 3,4 4,5 5,5 8,0
240 2,6 3,4 4,5 5,5 8,0
300 2,8 3,4 4,5 55 8,0
400 3,0 3,4 4,5 5,5 8,0
500 to 1000 3,2 3,4 4,5 5,5 8,0

NOTE Any smaller conductor cross-section than those given in this table is not recommended. However, if a
smaller cross-section is needed, either the diameter of the conductor shall be increased by a conductor screen
(see 11.1), or the insulation thickness shall be increased in order to limit, at the values calculated with the
smallest conductor size given in this table, the maximum electrical stresses applied to the insulation under
test voltage.
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11 Screening of cores

11.1 General

Screening of individual cores in single- or three-core cables, shall consist of a conductor
screen and an insulation screen.

11.2 Conductor screening

The conductor screen shall be non-metallic and shall consist of an extruded semi-conducting

compound, which may be applied on top of a semi-conducting tape. The extruded semi-
Condu"ting compound shall he firmly honded to the insulation

11.3 [Insulation screening
a) Thg insulation screen shall consist of a non-metallic semi-con nation
with a metallic layer.

b) The non-metallic layer shall be extruded directly upQq e and

coisist of either a bonded or strippable semi-conducting sompegnd

NO
as

he core
mbly.

c) The metallic layer shall be applied.over th th the

requirements of Clause 12.

12 Mietallic screen

12.1 |Construction

The metallic screen shall cOr S yer of
wires, [or a combi

12.2 [Requiremerits

The dimensionat S all be
detern) ' ‘ thority
regula rding the value of the current to be carried in case of fault.

13 Chpbli

Cores|of 4 three-coré cable shall be laid up, and interstices filled with fillers or inner cqvering
according.to IEC 60092-350.

14 Inner covering

14.1 General

The inner covering shall be extruded. The relevant material and characteristics shall be in
accordance with IEC 60092-350.

Compliance with this requirement is checked by the test specified in item e) of 18.4.
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14.2 Thickness of inner covering

- 11 -

The approximate values of the thickness of extruded coverings are given in Table 2:

Table 2 — Thickness of inner coverings

Fictitious diameter over laid-up cores

Thickness of extruded inner covering
(approximate value)

Above Up to and including

mm mm mm
- 25 1,0
25 35

35 45

45 60

60 80

80 -

NOTE

For the calculation of fictitious diameter, see Annex A and B of)E(‘\G\GQWQ% \

15 N

15.1

The sk

15.2
The th

interna
by the

The fo

a)

b)

pn-metallic sheath

c) for

outerssheath t,/= 0,025 D + 0,9 mm, with a minimum thickness of 1,0 mm

armoured double-sheathed cables:

of the
ulated

inner sheath t; = 0,04 D + 0,8 mm, with a minimum thickness of 1,0 mm

outer sheath t, = 0,025 D + 0,6 mm, with a minimum thickness of 0,8 mm

The mean value of the thickness, and the thickness at any point, shall satisfy the prescrip-

tions given in IEC 60092-350.

15.3 Colour of outer sheath

The sheath shall be coloured red, unless otherwise specified by the purchaser at the time
of ordering.
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16 Metallic armour

16.1 Types of metallic armours
The armour types covered by this standard are:

a) braid armour;
b) round or flat-wire armour;
c) double-tape armour.

16.2 Materials and construction

The njaterials and the constructional requirements of the armours shall be th ven in
IEC 6()092-350.

When |choosing the material of the armour, special conside to the

possiblility of corrosion.

gnetic
gnetic

The armour of single-core cables for use on a.c. ¢j
materipl. In special cases, for instance when the cab
materipls can also be used.

16.3 |Application of the armour

The arlmour shall be applied in such a adhere to the inner sheath,|nor to

the outer sheath.

16.4 |Dimension of ar

The npminal diameters 9 agnd the nominal thicknesses of the armour
tapes |and flat wires s y jraphs
and taples:
a) Braid wire dia
IrrI
0,3
0,4
b) Roun
Table 3 — Diameter of armour wire
Fictitious diameter under the armour Diameter of armour wire
Above Up to and including mm
mm mm
- 10 0,8
10 15 1,25
15 25 1,6
25 35 2,0
35 60 2,5
60 - 3,15
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c) Armour tapes

Table 4 — Thickness of armour tape

Fictitious diameter under the armour Thickness of tape
Above Up to and including Galvanized steel Aluminium alloy
mm mm mm mm
_ 30 0,2 0,5
30 70 0,5 0,5
70 - 0,8 0,8
d) FIat armour wires
The nominal thickness of the flat steel wire shall be 0,8 mm.
16.5 [Round or flat wire armour
a) Thg wire armour shall be closed, i.e. with a minimurd b gen adjacent wirgs. An
bn helix, consisting of galvanized steel tape of mi kness 0,3 mm, may

our if necessar

N\

th flat

o layers, so that the outer tape is

f each

2-350,

approXimately central Qverthe b Qher tape The gap between adjacent turns g
tape shall not exceed i Stape.

16.7

a) Th all be in accordance with IEC 60092-350.

b) ThF der the Braid is calculated by the method given in IEC 6009
17 P

17.1 |Durability ofmarking

Compl'nnm:- with the rnqnirnmnnfe of 73 is checked hy frying to remaove the msn‘l(ing

of the

manufacturer's name or trade mark, and the colour of the cores, by rubbing them lightly
10 times with a piece of cotton wool or cloth soaked in water.

18 Tests on completed cables

For these tests, reference is made to the relevant Clauses of IEC 60092-350.

For test methods for insulations and sheaths, reference should be made to the appropriate
part of IEC 60811.
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18.1 Routine tests

a) Measurement of electrical resistance of conductors (see IEC 60092-350).

b) Partial discharge test.
The partial discharge test shall be carried out in accordance with IEC 60885-2.
The magnitude of the discharge at 1,73 U, shall not exceed 5 pC.

c) High-voltage test (see IEC 60092-350).

The values of the power-frequency test voltage are given in Table 5:

Table 5 — Power frequency test voltage

N
Rated Yoltage U, 3,6 6,0 8,7 /\Qz (N 1B

Test vdltage r.m.s. 12,5 21 30,5 & \1>\ }3

18.2 [Special tests

a) Conductor examination (see IEC 60092-350).

b) Chleck of cable dimensions (see IEC 60092-350)
c) Ho
d) Te
e) Co
fy E

Th
be

A power-frequency ve S S ttween

ea¢h conductora
Tob tost volingy

€
length

ed for

The electricaktype i cable
10mt in lex

With t pplied

successively to thessdme sample.

In the Three-core cables, each test or measurement shall be carried ouf on all the cores.

18.3.1 Sequence of tests
The normal sequence of tests shall be:

a) Partial discharge test (see 18.3.3).

b) Bending test, plus partial discharge test. The magnitude of the discharge at 1,73 U, shall
be recorded (see 18.3.4)

c) Tan & measurement as a function of the voltage (see 18.3.5).
d) Tan & measurement as a function of the temperature (see 18.3.6).

e) Heating cycle test plus partial discharge test. The magnitude of the discharge at 1,73 U,
shall be recorded (see 18.3.7).
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f) Impulse withstand test, followed by a power-frequency voltage test (see 18.3.8).
g) Voltage test for 4 h (see 18.2 and Table 5).
18.3.2 Special provisions

Tests ¢) and d) may be carried out on a different sample from the sample used for the normal
sequence of tests listed in 18.3.1.

18.3.3 Partial discharge test

The partial discharge test shall be carried out as described in IEC 60885-2.

The mlagnitude of discharge at 1,73 U, shall be measured and recorded all not

be higher than 5 pC.

18.3.4] Bending test

a) Thg sample shall be bent around a test cylinder (for exa ¢ of a drfum) at room
temperature for at least one complete turn. It shall and the process
repeated, except that the bending of the sample sha

Thls cycle of operations shall be carried out threeg
b) The diameter of the cylinder shall bg;

— |for single-core cables : 20 (d +\D

— |for three-core cables: 15 (d + D)

whre:

c) On[ completion of

asuremer@

Charge

b) of
power

Table 6 — Tan & versus voltage

EPR, HF EPR, HEPR, | XLPE and HF|XLPE

difd Aar ACFR

Maximum tan 3 at Uy (* 10_4) 200 40

Maximum increment of tan & between 0,5 Uy and 2 Uy (x 10~%) 25 20

18.3.6 Tan d measurement as a function of the temperature

a) The sample of completed cables shall be heated by one of the methods described below;
in each method the temperature of the conductor shall be determined either by measuring
the conductor resistance, or by a thermometer in the bath or oven or on the surface of
the screen.

The sample shall be placed either in a tank of liquid or in an oven, or heating current shall
be passed through the metallic insulation screen.
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