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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 376: Cables for control and instrumentation
circuits 150/250 V (300 V)

ODICA\A LD D

1) The|lEC (International Electrotechnical Commission) is a worldwide organization for
all mational electrotechnical committees (IEC National Committees). The obje

this|end and

I_UF\I:VV UIN\Y

i ndardl tlon comprising
promote
ields. To

in addition to other activities, the IEC publishes International <Stanhd i afation is

entristed to technical committees; any IEC National Committee interest bjec dealt/wjth may
part|cipate in this preparatory work. International, governmental and n v Z liaising
with| the IEC also participate in this preparation. The IEC collabo 9 i g Interpational
Organization for Standardization (ISO) in accordance with conditions ined b agreement between the
two prganizations.

2) The|formal decisions or agreements of the IEC on technigal matters™eXpress, early as possjble, an
intenational consensus of opinion on the relevant subjects entation
from| all interested National Committees.

3) Thel|documents produced have the form of recommend |on i ional ise and are published in {he form

of standards,
Conmittees i

4) In o
Stan

technical specifications,
n that sense.

are accepted by the National

undertake to apply IEC Interpational
heir national and regional standar@ls. Any

dive ional or regional standard shall bg clearly
indi
5) The approval and cannot be rendered responsible|for any
equi
6) Atte that 'some, of the elements of this International Standard may be the| subject
of p for identifying any or all such patent rights
International Standa ) 6 hags been prepared by subcommittee 18A: Cablg¢s and
cable |i ommittee 18: Electrical installations of ships gand of

mobilg

This s
of whi

The te

2-376 cancels and replaces the first edition published in 1983,

FDIS Report on voting

18A/242/FDIS 18A/244/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.

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* withdrawn;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

e amended.
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 376: Cables for control and instrumentation
circuits 150/250 V (300 V)

1 Scope and object

metho

specified in this standard.

NOTE
The ol

ations.

voltage rating of 150/250V (300V) (see Clause 4) and

ject of this part of IEC 60092 is

— to ptandardise cables whose safety.and relia
acg¢ordance with the requirements«of [E
- to
directly or indirectly bearing on safe
— to ppecify test methods for checking
2 Normative referen
The fdllowing rc ndispensable for the application of this doc
For dated reference ed applies. For undated references, the latest
of the referenced doec g.any amendments) applies.

IEC 6(

IEC 6
Gener

IEC 6(092-351, Elec

and m

rical installations in ships — Part 351: Insulating materials for shij
pbile and fixed offshore units power, telecommunication, and control data cables

ol and
Ulation
fixed

d test

erwise

lled in

cables

iment.
edition

bles —

bboard

IEC 60092-352, Electrical installation 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

IEC 60331-21,

and telecommunication cables

Procedures and requirements — cables of rated voltage up to and including 0,6 / 1 kV

Tests for electric cables under fire conditions — Circuit integrity — Part 21:

IEC 60332-1, Tests on electric cables under fire conditions — Part 1: Test on a single vertical
insulated wire or cable
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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

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

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

IEC 60092-353, Electrical installations in ships — Part 353: Single and orenon-radial
field ppwer cables with extruded solid insulation for rated voltages 1 k¥

3 Definitions
For the purposes of this standard, the definitions given if and the following
apply.

3.1
pair uhit
a unit which consists of two cores laid

al'fillers or binder tape(s)

3.2
triple pnit
a unit Wwhich consists of thre i A ithodt interstitial fillers or binder tape(s)

3.3
quad unit
a unit which con@ Tes v or without interstitial fillers or binder tape(s)

3.4

electr
surrou
triple(q
extern

ayer to confine the electrical field within the cable cores, pair(s),
protect the cable core(s), pair(s), triple(s) or quad(s) from

3.5

drain
an unjnsulated conductor which has the specific function of earthing an electrostatic tape
screen by.ensuring a low resistive path throughout the length of the cable

3.6

single unit cable

a cable consisting of either one pair, triple or quad unit, either unscreened or with an
individual electrostatic screen

3.7

multi-unit cable

a cable consisting of more than one pair, triple or quad units 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)
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3.8

braid armour

a covering formed from braided metal wires used to protect the cable from external
mechanical effects

NOTE Copper wire braid armour may also provide the function of an electrostatic collective screen, providing it is
earthed.

3.9

inner covering

a non-metallic covering which surrounds the assembly of the cores (and filler if any) of a
multi-conductor cable and over which the protective covering is applied

4 RJited voltage

The stpndard rated voltage U /U (U,,) is as follows:
U,/U (U,,) = 150 V/250 V (300 V) a\

In the voltage designation of cables

U, s the rated power-frequency voltage betwee
U is the rated power-frequency<vo

U,, is the maximum value of the highest system

A d.c.|voltage up to a maxim
voltage to earth does

NOTE |When circuitsare to
600/10d0 V cables ini

5 Typesofi

353 for

The inpulatio

6 Types of sheathing’compounds

The sheathing compounds and their designations shall be selected from IEC 60092-359.

7 Markings

7.1 Indication of origin and voltage rating

Identification of origin (manufacturer’s name or trade mark), rated voltage (U,/U) and cons-
truction (number of cores, pairs, triples or quads and cross sectional area of the conductor) to
be printed, embossed or indented on the oversheath. It is allowed, in addition, to include an
identification printed tape.

Multicore example : “Name or Trade mark 150/250 V 19 x 1,5 mm2*
Multi-unit example: “Name or Trade mark 150/250 V 3x2x0,75 mm?2*

In the case of an outer metal braid armour applied above the oversheath, identification by
threads or printed tapes inserted under the metal braid is permitted.
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Continuity
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The marking of the manufacturer's name or trademark is deemed to be continuous if the
distance between the end of any marking and the beginning of the next does not exceed

7.3

550
275

mm if the indication is on the sheath, and
mm in all other cases.

Durability

The printed marking shall be indelible.

Compl

7.4

The m

The ¢

recogf

7.5

Identif]
unit(s)

7.5.1

ldentif]

beginn

7.5.1.1

The id

core a

a) ar

7.5.1.2

Two c

iance with this requirement is checked by the test described in 16.2

Legibility

rking of the manufacturer's name or trademark shall be legible

blours of identification threads, if any, shall be €
isable, if necessary, by cleaning.

Core identification

entification
hd comprising

bnsecutive marks shall always be placed upside down in relation to one anothe

made

r quad

centre

gth of

ch the

r. The

arrangement of the marks is shown in Figllrp 1

<+«——d—»p

~

Ay pu—

o

j o

|‘M =

.

Figure 1 — Arrangement of the marks

o

47

IEC 1639/03
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When the reference consists of a single numeral, the dash is placed under it; if the reference
number consists of two numerals, these are disposed one below the other and the dash is
placed underneath the lower numeral.

7.5.1.3 Spacing and dimensions of the marks

The dimensions of the marks and the spacing are given in Table 1,

where

D = nominal diameter of the core;

e = Iillilllulll WIUI“I Uf d Illdlk,
n= inimum height of a numeral,
i= pproximate interval, in a mark, between two consecutive numera s_between

umeral and dash;
d= aximum interval between two consecutive marks.

Table 1 — Dimension of the ma

Nominal diameter, D, A
of the core ed n i d
i 0

AN

D<24 0,6 mm eswm [P pmm 50 mjn
N

24<D<5 1,2 mm 3,2\1\m \ ) 3 mm 50 mym

2 Whgn the numeral is 1, the minimum width i;z%ﬂual M#\the%@ension given in this table.

7.5.1.4

The id
marks

ur which contrasts with that of the core. |All the
of the same colour.

7.5.2

The ¢ ables shall be provided with a suitable method of
identif]

7.6

When ed®by the plrchaser, identification of the individual units of multiunit caples is

permitted by thetuse of tape(s) marked with numbers.

NOTE |Annhex“A gives details of a typical colour code.

8 General description

Screened and unscreened cables for control and instrumentation circuits in fixed installations
on ships and offshore units, 150/250 V (300 V) shall consist of copper conductors insulated
with one of the materials listed in IEC 60092-351 and assembled as follows:

a) cores laid up in concentric layers, unscreened, provided with an optional tape wrapping,
finished to one of the constructions detailed below in (1) to (5);

b) cores laid up in concentric layers, with an overall collective screen with drain wire, with an
optional tape wrapping, finished to one of the constructions detailed below in (1) to (5).

c) Cores twisted together to form a pair, triple or quad unit each unit being individually
screened with drain wire ,then cabled together, provided with an optional tape wrapping or
optional tape screen, finished to one of the constructions detailed below in (1) to (5).
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d) Cores twisted to form a pair, triple or quad unit, these unscreened units cabled together
with an overall collective screen with drain wire, provided with an optional tape wrapping,
finished to one of the constructions detailed below in (1) to (5).

Unarmoured types:
1) a single sheath;

2) i) aninner sheath and an outer sheath — double sheathed;

ii) an inner covering and an outer sheath.
Armoured types:

3) an inner covering -metal armour and an outer sheath:
g7 T

4) | a single sheath with an outer metal armour;

5) |an inner sheath, a metal armour and an outer sheath.

Non-cfoss-linked insulation shall not be used when the cross-linking sheath
leads {o a detrimental change in the properties and/or shape of/the~ ti
Wherg a cable is claimed to be “halogen-free” 1) all all be
“haloggen-free”.

Cableg for installation in spaces where corrosion m
locatigns, battery compartments, refrigeration ro
metal prmour.

s, wet
er the

9 Conductors

The nmhaterial, metal coating
accord

Cross-

be in
pns of

Condu

NOTE

10 In

10.1
The in

— one of.the insulating compounds indicated in Table 2,

o i £ l £ H 4 Lo pu | l £ f th
- a urrmunrautulrt Ul UTIc Ul LLLA®AA >4 |ayc|o Ul IIIUIHGIII\J lapc\a’ aliu d |ayc| Ul UTIT O e

insulating compounds indicated in Table 2 or
— acombination of S95 compound together with a varnished glass braid.

10.2 Electrical and non-electrical characteristics of the insulation system

These shall be as specified in IEC 60092-351 for the relevant type of insulating compound
used.

1) A definition of “halogen-free” is under discussion.
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10.3 Application to the conductor

The insulation shall be applied closely to the conductor, to the separator or to inorganic
tape(s), if any. It shall be possible to remove the insulation without damaging the conductor or
its metal coating, if any. Compliance shall be checked by visual inspection.

10.4 Thickness of insulation

a) The average thickness shall be not less than the value specified in Table 2 for each type
of insulation and cross-section of conductor.

b) For multicore cables the thickness at any point may be less than the specified value,

c) Fof multiunit cables the thickness at any point may be less than (the specifi value,
prqvided the difference does not exceed 0,1 mm + 20 % of the specified ya

d) Thg thickness of any separator or inorganic tape(s) applied over'th er the
inglulation shall not be included in the thickness of insulation,
e) Thg thickness of the inorganic tape(s) shall be adequate to mance

requirements of this standard (see in particular 17.3 (i)}

Table 2 — Specified thicknﬁgo(w jon

Nofninal cross- PVC/A EP LRE EP HF 85 s|o5
seclional area of HF XLPE HEP HF[S 95
g¢onductor
mm?2 mm m mm m mm mm
0,50 0 0,4 0,6 d.6
0,75 \ c}s\ 0,5 0,6 Q.6
1,0 Do ) 0,5 0,6 d.6
15 Y 0,6 0,7 d,7
2,5 , 0,6 0,6 0,7 qQ,7
NOTE 1 IEC 60092-35 r\AA@: under consideration is the renaming of HF85 as HF90.

NOTE 2
circuit i
conside|

NOTE 3

(limited
sequent

B50.

1 C

11.1 |Core-assembly (multicore cables)

The individual cores identified in accordance with 7.5.1 shall be twisted together in concentric
layers. When necessary, filler(s) as detailed in 11.4 may be used to obtain a circular cable.

NOTE A non-hygroscopic binder tape or tapes may be applied over each layer.

11.2 Forming pair, triple or quad units

Cores identified in accordance with 7.5 shall be twisted together with either a left hand or right
hand lay to form a pair, triple or quad unit.

If the pair, triple or quad units are not individually screened the lay length of the cores, in
adjacent units, shall be selected so as to reduce inductive effects and cross-talk to a minimum
and ensure that the cores of the pair, triple or quad units do not become disassociated by
normal handling.
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The lay length of the cores individually or collectively screened shall not exceed 120 mm for
sizes below 1,5 mm?2 and 150 mm for sizes 1,5 mmZ2 and above.

NOTE A non-hygroscopic binder tape or tapes may be applied over each unit.

11.3 Unit assembly (multiunit cables)

The individual units, screened or unscreened, and identified in accordance with 7.5.2 shall be
assembled in concentric layers using either a unidirectional or reverse lay. When necessary, a
filler(s) as detailed in 11.4 may be used to obtain a circular cable. Different lay lengths shall
be selected for neighbouring unscreened units.

NOTE ATom=hygroscopic bimder tapeor tapes may beapplied-over eacirtayer:

11.4 [Fillers

Use o ircular
cross blasto-
meric hall be
non-hy of the
filler a vithout
damadi pplied
integra metal
armou

11.5

Within up to
form & option
of wh to the
custon

12 E

121

When al ta eC n pair,
triple d sh vinated electrostatic screening tape applied with the metallic
side in ‘ 8 %.
The Ig it yester
havind a minimum thickness of aluminium of 0,008 mm and a minimum thickness of po|yester
of 0,010 mm, or cepper bonded to polyester having a minimum thickness of copper of
0,018 mrr and a minimum thickness of polyester of 0,023 mm.

The drain wire shall be composed of a number of strands of tinned annealed copper wires in
the case of aluminium laminate tape and either plain or tinned annealed copper wires in the
case of copper laminate tape. The drain wire shall have a maximum resistance in accordance
with Table 3.

12.2 Individually braided screened pair, triple or quad constructions

When an individual braided screened pair, triple or quad construction is required, each pair,
triple or quad shall have a non-hygroscopic separator tape applied over the cores and under
the braid. The nominal overlap shall not be less than 25 %.

The braid shall be either plain or metal coated copper wires; the minimum diameter of the
braid wire shall be:
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0,15 mm for fictitious cable diameters under the braid less than or equal to 9 mm;

0,2 mm for fictitious cable diameters under the braid greater than 9 mm.

Joints in the braiding wires shall be soldered, twisted or woven in and the complete braid shall
not be welded. The braid shall be evenly applied.

The "filling factor" F of the braid shall be not less than 0,6 when calculated in accordance with
the alternative method given in IEC 60092-350.

NOTE The percent coverage F = (2F — F2) * 100

The fictitious diameter under the braid is calculated by the method described in Appendix A of
IEC 6Q092-350.

When [required, to aid termination, a drain wire may be applied undér and in
with tHe braid screen. The drain wire shall be composed of a nu
plain annealed copper wires. The drain wire shall have a maxi
with Table 3.

Table 3 — Requirements of drai

Nominal area of core conductor imu Wresistance
mm?2 (\ /\ Q/km
0,50 { Y ¢ AN A2

0,75 N/ 425
28,3
28,3

¥ v 21,2

Polyegter tape ofjit 0ry0,050 mm nominal thickness shall be applied oyer the

screer] with a mi

12.3 |Collectively s

12.3.1| La

When |coflectivel d constructions are required, a laminated electrostatic scregening
tape dhati be ac\‘s with the metallic side in electrical contact with the drain wir¢. The
minimym overlap-of ¥minated tape shall be 25 % of its total width.

The laminated tape shall be either aluminium bonded to polyester having a mihimum
thicknlss of aluminium of 0,008 mm and a minimum thickness of polyester of 0,010 mm, or
copper bonded to polyester having a minimum thickness of copper of 0,018 mm and a
minimum thickness of polyester of 0,023 mm.

The drain wire shall be composed of a number of strands of tinned annealed copper wires in
the case of aluminium laminate tape and either plain or tinned annealed copper wires in the
case of copper laminate tape. The drain wire shall have a maximum resistance in accordance
with Table 3.

Alternatively a braid screen may be applied.
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12.3.2 Braided electrostatic screen

The braid shall be either plain or metal coated copper wires; the nominal diameter of the braid
wire shall be:

0,15 mm for fictitious cable diameters under the braid less than or equal to 9 mm;

0,2 mm for fictitious cable diameters under the braid greater than 9 mm.

Joints in the braiding wires shall be soldered, twisted or woven in and the complete braid shall
not be welded. The braid shall be evenly applied.

The “f'IIing factor" F of the braid shall be not less than 0 6 when calculated in accordance with

the alternative method given in IEC 60092-350.

NOTE |[The percent coverage K = (2F — F2) * 100

The figtitious diameter under the braid is calculated by the method descrit ~ ix A of
IEC 6(0092-350.

When [required to aid termination, a drain wire may be applied ct with
the braid screen. The drain wire shall be composed of a numbe f s r plain
annealed copper wires. The drain wire shall have a maxi i i e with
Table B.

In the|case of metal armour consisting™~of coppe i rovide

the function of a collective screen.

NOTE |A suitable tape or tapes may be applied ove

13 Inner Coverings ar

13.1 |General

The cpvering o
protective layer in“a

hygrogcopic tapes

with a
e non-

This pfotective ar i : se 8.

13.2 [T

The approxin d, are
given |n Table.4

Table 4 — Thickness of inner covering

Fictitious diameter Thickness of inner covering
over laid-up cores (approximate value)
Above Up to and Extruded Lapped

including
mm Mm mm mm
- 25 1,0 0,1
25 35 1,2 0,1
35 45 1,4 0,1
45 60 1,6 0,1
60 - 1,8 0,1

NOTE For the calculation of fictitious diameters, see method outlined in Annexes A and B of IEC 60092-350 and
the following Clause 14.
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14 Sheath(s)

14.1 Thickness of sheath(s)

The thicknesses of outer sheaths and of the inner sheath, if any, are given as a function of
the fictitious internal diameter of the sheath under consideration, this fictitious diameter being
calculated by the method outlined in Annexes A and B of IEC 60092-350.

The formulae are as follows.

a) Diameter over laid up cores:

use-the method given-in-AnnexAof IEC 60092-350

b) Di
dp|= D¢ x 2, in millimetres

gmeter over a pair (dp), a triple (dt) or a quad (dq):

or

dt F D; x 2, 16, in millimetres

Dq|= dq x k x cf, in

where the co@
The coefficien i

or
dq|= D¢ x 2,42, in millimetres
where D, is the diameter of a single core.
c) Digmeter over laid up pairs (Dp), triples ( ads (D®
Dp|= dp x k x cf, in millimetres
or
Dt|= dy x k x cf, in millimetres
or

Annex A of IEC 60092-350.

ble 5 —Coefficient cf

< \C%Q tbe Coefficient cf
< \lqﬁlidbskl scréened pairs 0,89
\ C\SI\W screened pairs 0,82
Indi\&iually screened triples 0,94
Caﬁectively screened triples 0,87
Individually screened quads 1.0
Collectively screened quads 1,0

d) for armoured or unarmoured single sheathed cables see Clause 8, numbers 1), 3) and 4):
t; = 0,04 D + 0,8 mm with a minimum thickness of 1,0 mm;

(D = fictitious diameter under the sheath).

e) for unarmoured double (inner sheath or inner covering with outersheath) sheathed cables
see Clause 8, numbers 2(i) and 2(ii):

— inner sheath t; = 0,025 D + 0,6 mm with a minimum thickness of 0,8;
— inner covering = see Table 4;
— outer sheath t, = 0,025 D + 0,9 mm with a minimum thickness of 1,0 mm.
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f) for armoured cables with inner and outer sheaths see Clause 8, number 5):
— 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.

14.2 Colour of sheath

The sheath shall be coloured black or grey unless otherwise specified.

NOTE The sheath may be of other colours, thereby providing a visual difference to that of LV and MV Power
cables.

15 Metal braid armour
In this|standard the braid wires are either:

— copper (plain or tinned),

— copper alloy (plain or tinned),

— aldminium alloy, or

- Z

ic coated (galvanised) steel.

Joints|in the braiding wires shall be soldered, twisted
not beJwelded. The braid shall be evenl i

an € complete braifd shall

NOTE 1 In the case of plain or tinned coppeniwire ‘hraid ese may also provide the function of an electrostatic
collectiye screen providing they are terminated to

NOTE 2 The risk of corrosion shall be consideréd when atum alloys are used.
15.1 |Braid wire diameter

0,2|mm for fi 3 undey’the braid less than or equal to 10 mm,

0,3|mm for fictitiou ; 3 inder the braid greater than 10 mm and less than or
eqpal to 30 mnn, ©
0,4|mm, as a m 9 ictitious cable diameters under the braid greater than 30 jmm.

15.2 [Cove

The "doverag 3 fthe braid shall be in accordance with IEC 60092-350.

The fig¢titious*diame
IEC 6(0092-350.

ér under the braid is calculated by the method described in Anngx A of

15.3 Application of the braid armour

The braid armour shall be applied in such a way that it shall not adhere to the inner covering
or inner sheath nor to the outer sheath.

NOTE A suitable non-hygroscopic tape or tapes may be applied under and over the braid.
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16 Particular tests

16.1 Additional compatibility test

This is an additional test to be performed on cables with elastomeric insulation and/or sheath
where plain copper conductors and/or armour (with or without separators) are used. A
compatibility test in accordance with IEC 60811-1-2 shall be carried out on a completed

core/cable.

The conditions and requirements for this test are detailed in IEC 60092-350.

16.2 [Durability

Compliance with the requirements of 7.3 is checked by trying to remo
manufpcturer's name or trade mark and the colour of the cores b
times With a piece of cotton wool or cloth soaked in water.

17 Tests on completed cables
For thése tests, reference is made to the relevant clduses
For test methods of insulations and sh

17.1 |Routine tests

a) Magasurement of electrical resistance o

ing Class 5 Stranding
Cresistance DC resistance DC resisthnce
Nomimal_cross- of'tinned copper of plain copper of tinned iEpper
sgction onductors conductors conductpors
nm2 Q/km at 20°C Q/km at 20°C Q/km at 20°C
D,50 Q 41,6 41,4 42,5
.75 26,3 27,6 28,3
1,00 19,3 20,7 21,2
1,50 12,9 141 14,5
P,50 8,02 8,47 8,71

b) High voltage test (see IEC 60092-350).
c) Insulation resistance test on cores (see IEC 60092-350).

d) Screen insulation resistance, the insulation resistance between individually screened pair,
triple or quad units and any collective screening, shall be not less than 1 MQKm at

20 °C £ 5 °C when tested in accordance with IEC 60092-350.

e) The insulation resistance between any screen and the armour for armoured cables shall
be not less than 0,25 MQRm at 20 C° £ 5 °C when tested in accordance with IEC 60092-

350.
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