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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 360: Insulating and sheathing materials for shipboard and offshore
units, power, control, instrumentation and telecommunication cables

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj is to promote
international co-operation on all questions concerning standardization in the elecif e

this end and in addition to other activities, IEC publishes International Stangd i € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any € qittee interested
in the subject dealt with may participate in this preparatory work. iQh 9
governmental organizations liaising with the IEC also part|C|pate in ki q. |E aborates closely
with the International Organization for Standardization (ISO) i d al

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
s representation from all

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

International Standard IEC 60092-360 has been prepared by Subcommittee 18A: Electric
cables for ships and mobile and fixed offshore units, of IEC Technical Committee 18:
Electrical installations of ships and of mobile and fixed offshore units.

This first edition cancels and replaces IEC 60092-351 Ed. 3 published in 2004 and
IEC 60092-359 Ed. 1 published in 1987, Amendment 1:1994 and Amendment 2:1992. This
edition constitutes a technical revision.

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

a) rationalization of the number of insulating and sheathing materials. In particular polyvinyl
chloride based insulation (PVC) and sheath (ST 1) have been removed. PVC sheath ST 2
is permitted even though it releases harmful fumes under fire conditions. SE and SH also
release harmful fumes under fire conditions;
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b) updated temperature limit for thermoplastic sheath in line with the operating temperature

on the conductor;

c) new optional categories of sheathing materials with enhanced oil

resistance to drilling fluids;

d) removal of the air bomb test for EPR and HEPR insulating types;

resistance, and

e) there has been some redistribution of test methods between IEC 60092-350 and this new
standard to remove all tests carried out on complete cables.

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

FDIS

Report on voting

18A/360/FDIS

18A/361/RVD

« reconfirmed,
e withdrawn,

* replaced by a revised
 amended. %

Full document details: IEC 60092-360 2014
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 360: Insulating and sheathing materials for shipboard and offshore
units, power, control, instrumentation and telecommunication cables

1 Scope

This part of IEC 60092 specifies the requirements for electrical, mechanical and particular
characteristics of insulating and sheathing materials intended for use |n Shlp ard and fixed
and mobile offshore unit power, control, instrumentation and telecommumi

Title /” Compounds.included
Cross-linked insulating compounds ?EB\HEﬁI%/ X}\PE;\§95;\H~F/90

Cross-linked sheathing compoy(c}s\ ’\&E;}H; Sllu: ( ) )\ >

Thermoplastic sheathing comp}mds SHF\; ST\&

v, ormatively referenced in this document and
d references, only the edition cited applies. For
6f the referenced document (including any

are indispensable for i
undated refere
amendments) apphé

IEC 60092-350 al installations in ships — Part 350: General construction and test
methods of pgire strumentation cables for shipboard and offshore applications
IEC 60754- Qn gases evolved during combustion of materials from cables - Part 1
Determina

IEC 60754-2, Tes gases evolved during combustion of materials from cables — Part 2:
Determination of acidity (by pH measurement) and conductivity

IEC 60684-2:2011, Flexible insulating sleeving — Part 2: Methods of test

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 201: General tests — Measurement of insulation thickness

IEC 60811-202:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 202: General tests — Measurement of thickness of non-metallic sheath

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials —

Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

1 To be published. Documents
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IEC 60811-403, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC 60811-404, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 404: Miscellaneous tests — Mineral oil immersion tests for sheaths

IEC 60811-409, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheaths

IEC 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 501: Mechanical tests — Tests for determining the mechanical properties of insulating and
sheathing compounds

IEC 60811-509, Electric and optical fibre cables
Part 509: Mechanical tests — Test for resi

3 Terms and defi
For the purposes of

3.1
variation

3.2
median value

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

3.3
types of insulating compounds

3.31

EPR

ethylene-propylene rubber

cross-linked compound in which the elastomer is an ethylene-propylene, EPDM or an
equivalent synthetic elastomer providing a compound compliant with type EPR

Note 1 to entry: This note applies to the French language only.
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3.3.2

HEPR

hard ethylene-propylene rubber

cross-linked high modulus or hard grade compound in which the elastomer is an ethylene-
propylene, EPDM or an equivalent synthetic elastomer providing a compound compliant with
type HEPR

Note 1 to entry: This note applies to the French language only.

3.3.3

XLPE

cross-linked polyethylene

cross-linked compound in which the polymer is a low density polyeth e or equivalent
synthetic polymer providing a compound compliant with type XLPE

Note 1 to entry: This note applies to the French language only.

3.34
HF 90
cross-linked polyolefin halogen-free
cross-linked compound in which the polymer is a polyo
not containing halogens providing a compound which

3.3.5
S 95
cross-linked silicone rubber

type S95.

3.4
types of sheathing c

3.41

SE
polychloropren
cross-linked compouy
synthetic elastomge

cross-linked cempouhd in which the characteristic constituent is a synthetic chlorinated
rubber, e.g., chlorositphonated polyethylene (CSP) or chlorinated polyethylene (CPE), which
is compliant with type SH

Note 1 to entry:  This note applies to the French language only.

3.4.3

SHF 2

halogen-free rubber

cross-linked compound in which the polymer is a polyolefin or equivalent synthetic polymer,
not containing halogens, providing a compound which is compliant with type SHF 2

3.44

SHF 1

halogen-free thermoplastic

thermoplastic compound in which the polymer is a polyolefin or equivalent synthetic polymer
not containing halogens providing a compound which is compliant with type SHF 1
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3.4.5

ST 2

polyvinyl chloride thermoplastic

thermoplastic compound based on plasticised polyvinyl chloride which is compliant with type
ST 2

3.5
halogen-free
compound that complies with the assessment of halogen requirements in Tables 4, 6 or 8

4 Cross-linked insulating compounds

4.1 General

The types of cross-linked insulating compound covered by this stagd
together with their abbreviated designations and maximum rate
during normal operation and short-circuit.

Table 2 — Types of cross-linked insulati

Abbreviated Maximum rated conductor temperatur( Type of insulating material
designation °C [7
Normal operation Short}m& {\ .
EPR 90 \ §5\ \ Etkﬁel})e propylene rubber
HEPR 90 A >5Q %‘d/grade ethylene propylene rubber
XLPE ( (‘\@O Cross-linked polyethylene
HF90 9?/\ /] \ 25\6) \ Cross-linked polyolefin halogen-free
S95 350° 3\/ Cross-linked silicone rubber
28 The normal maximum rate ctor temperat ewicone is 180°C but it is limited in view of the type of
sheathing materjakuse
b This temperatu %::?Q\Q abtes and is not appropriate for tinned conductors.
4.2 Electri
The test
following

— Electrical requirements of insulation compounds

Designation of the EPR HEPR XLPE HF90 S 95
insulating compound

Insulation resistance constant Ki
(MQ.km) (see 7.2 of
IEC 60092-350:—)

— at 20 °C, minimum, 3670 3670 3670 550 1 850
- at_rr_]aX|mum operating temperature, 3,67 3.67 3,67 0,55 1,85
minimum.

Volume resistivity p(Q.cm)
(see 7.2 of IEC 60092-350:—)

— at 20 °C, minimum, 1,0 x 1015 1,0 x 1015 1,0 x 1015 1,5 x 1014 5,0 x 1013
— at maximum operating temperature, 12 12 12 11 10
minimum. 1,0 x 10 1,0 x 10 1,0 x 10 1,5 x 10 5,0x 10
Documents
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Designation of the EPR HEPR XLPE HF90 S 95
insulating compound

Increase in a.c. capacity after
immersion in water at 50 °C,
(see 7.3 of IEC 60092-350:—)

— between the end of the 1% and the

end of the 14" day, maximum (%), 15 15 - 15 15

— between the end of the 7" and the
end of the 14" day, maximum (%).

4.3 Mechanical characteristics

The test requirements for mechanical characteristics of cross-linked inswating c
listed in the following Table 4.

Table 4 — Test requirements for cross-linked eIastomer%Né{\a\'(n co
Test method N' su tinh\com ound
Test description Unit described in .\
I-E*RR\\ \)Q_P\E/

Std Clause E HF90 S 95

Mechanical IEC 60811-501 \/

properties in the
state as delivered \ (\

Values to be
obtained for the: L

— tensile strength, N/mm? < 4,2 8,5 12,5 9,0 7,0

min
— elongation at % 0 200 200 120 150
break, min N

Mechanical IEG 60811-4Q1
properties after
2

ageing in air oven
without conductor /X

Ageing conditions:

— temperature / ° \/% 135+3 135+3 13543 13543 200+3
tolerance
— duration of <\ 168 168 168 168 240
LN

treatment

Value to be o in%\
for the tensile \
strength

— minimum value - - - - 5,5
— variation max % +30 +30 +25 +30 -

Value to be obtained
for the elongation at
break

— minimum value % - - - 100 120
— variation max % +30 +30 +25 +30 -

Mechanical IEC 60811-401
properties after
ageing in air oven
with copper
conductor

Ageing conditions:
— temperature / °C 135+3 150+3
tolerance

— duration of h 168 168
treatment
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Test method Type of insulating compound
Test description Unit described in
Std Clause EPR HEPR XLPE HF90 S 95
Value to be obtained
for the tensile
strength
— variation max % +30 +30 - -
Value to be obtained
for the elongation at
break
— variation max % +30 +30 - -
Hot set test IEC 60811-507
Treatment
conditions:
— temperature/ °C 250+3 250+3 OJ_r3Q 00+ 250+3
tolerance
— time under load min 15 15 15
min
— mechanical stress N/cm?2 20 /\4) X 0 20 20
Test requirements: \ \/
— elongation max % 5 17 75 175 175
under load
— elongation max % 5 15 15 15 25
after unloading (\
N [N
Determination of IEC 60092-360\ \y
hardness IRHD

minimum /1

Determination of IEC 60092-360\ | AMPn \)

elastic modulus

.
< s

Modulus at 150 % N/mm?2 N 45
elongation
(minimum) Q
Ozone resistance IEC 808 -4(%\
test (method A or B)
Test conditions of - - - - -
method A
— temperature °C 25+2 2542 - 25+2 —
— duration 30 30 — 30 —
— ozone pp 250-300 250-300 — 250-300 —
concentrat@\ \
Result to be N No No - No -
obtained cracks cracks cracks
Test conditions of - -
method B
— temperature °C 4042 4042 - 40+£2 -
— duration h 72 72 - 72 -
— ozone % (200+50) | (200+50) - (200+50) -
concentration, (by x1076 x10°6 x10-6
volume)
— relative humidity % 55+10 55+10 - 55+10 -
— minimum air speed mm/s 500 500 - 500 -
at the level of the
test piece
Result to be No No No
obtained cracks cracks cracks
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Test method Type of insulating compound
Test description Unit described in

Std Clause EPR HEPR XLPE HF90 S 95
Assessment of
halogens 2
pH IEC 60754-2 >4,3 >4,3 >4,3 >4,3 >4,3
Conductivity uS.mm-"! <10 <10 <10 <10 <10
Amount of halogen
acid gas:
— HCI and HBr (max) % IEC 60754-1 0,5 0,5 0,5 0,5 0,5
— HF (max) % IEC 60684- 45 0,1 0,1 0,1 0,1 0,1

2:2011

a8 Test required when materials are used in halogen-free cables or identified as a halogy(—‘fv&ee(cgmwd.

5 Cross-linked sheathing compounds

5.1 General

The types of cross-linked sheathing compound cov
together with their abbreviated designations.

¢ are listed in Table 5

Table 5 — Types ofcross-Nnked sheathing compound

Abbreviated designation / Typ}e\\f\Qat jal and general application

SE PonchIor(\erengr\bQ \/
SH < \er(ro&rp\\OQat;—:}i\p_alyekh/y%ne or chlorinated polyethylene rubber

SHF 2 Han -free

SE and SH materlal t e o typ of insulation given in Table 2 of this specification with
the exception of X ma armful fumes under fire conditions.

val requirements for enhanced types are given in Clause 7. In
performance, compounds shall comply with the relevant table or
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Table 6 — Test requirements for cross-linked sheathing compounds

Test method described in Type of cross-linked sheathing

Test description Unit compound

Std Clause SH SE SHF 2
Mechanical properties in IEC 60811-501
the state as delivered
Values to be obtained for:
— tensile strength, min N/mm?2 10 10 9
— elongation at break, min % 250 300 120
Mechanical properties after IEC 60811-401
ageing in air oven N
Ageing conditions:
— temperature/tolerance °C 100+2 100£ 120+3
— duration of treatment h 168(\ 1 168
Tensile strength
— variation max % N +30 +30
Elongation at break < \

+30

— value min % X\;O -
— variation max % ~ +> +40 +30
100+2

Mechanical properties after IEC 60811-40 \)
immersion in mineral oil 5
IRM 902

Ageing conditions: J

— temperature of oil °C 100+2 100+2

24 24 24

Values to be obtained for: \) \>
— tensile strength, % +40 +40 +40
variation max

— elongation at brea +40 +40 +40
variation max

Hot set test EC\6981 1-507

— duration of treatment h

Treatment conditions?

|

-
@
3
©
@
=
)
L
c
=
)
=
S
@
=

4
O

|

200+3 200+3 200+3

— time under | i mi 15 15 15
- mechani}@l N 20 20 20
Test reqti >
— elongation 175 175 175

load
— elongation max afte 15 15 15

unloading
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Test method described in Type of cross-llnke(:| sheathing
Test description Unit compoun
Std Clause SH SE SHF 2
Ozone resistance test IEC 60811-403
(method A or B)
Test conditions of
method A
— temperature °C 25+2 25+2 2512
— duration h 24 24 24
— ozone concentration % (275+25) (275+25) (275£25)
(by volume) x 10 x 10 x 10
Result to be obtained No cracks N/a'cra{ks No cracks
Test conditions of /\\
method B
— temperature °C 40 40+2
— duration h 72 72
— ozone concentration, % 00250) (200£50)
(by volume) x10° x1076
— relative humidity % < 55%10 55+10
— minimum air speed at mm/s 0 500
the level of the test
piece (7
Result to be obtained ( \// No cracks No cracks
Behaviour at low °
temperature
Elongation test (for cables IEC"60811-5
not subject to bending test) N\
Test conditions:
— temperature: °C -15+2 -15+2 -15+2
— duration N ™\ 16 16 16
Result to be obtaineds \>
— elongation at bréak, min 30 30 30
Assessment of haloge/p{”‘ /\\/
pH C 60754-2 >4,3
Conductivity /\ IEC 60754-2 <10
Amount of kalogen aci
gas:
— HCI and % IEC 60754-1 0,5
— HF (maximum % IEC 60684- 45 0,1
2:2011
a8 Test required when materials used in halogen free cables or identified as halogen free compounds.

6 Thermoplastic sheathing compounds

6.1 General

The types of thermoplastic sheathing compounds covered by this standard are listed in
Table 7 together with their abbreviated designations.
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Table 7 — Types of thermoplastic sheathing compound

Abbreviated Type of thermoplastic sheathing material
designation

ST 2 Polyvinyl chloride thermoplastic, is permitted even though it releases harmful fumes
under fire conditions

SHF 1 Halogen-free thermoplastic for use over all types of insulation in Table 2

6.2 Mechanical characteristics

The test requirements for mechanical characteristics of thermoplastic sheathing compounds

are listed in Table 8.
Table 8 — Test requirements for thermoplastic sheathngg\om (o} ds

Test method described in \R}{z o\\ \chNMpound

Std CI}u{e SHF 1

Mechanical properties in B x

the state as delivered IEC 60811-501

Values to be obtained for: \)

— tensile strength, min N/mm? b 2,5 9,0

~ elongation at break, min % /\(x (\ \> 150 120
A\

Mechanical properties after
ageing in air oven without | 608313401
conductor

Ageing conditions:
— temperature C 10042 100£2
— duration of treatment N h 168 168

Test description Unit

Value to be obtained for
the tensile strength

— minimum value Q N/n{n? 12.5 7,0
— variation max /\ % +25 +30

D

% 150 110
— variation ma % +25 +30

Pressur GSW\> IEC 60811-508
temperature

Test conditions:

— temperature °C 80+2 80+2

— duration for cables h 4 4
having an outer diameter
<12,5 mm

— duration for cables h 6 6
having an outer diameter
>12,5 mm

Value to be obtaineg’f
the elongation at br

— minimum vajde

Value to be obtained:

— maximum permissible % 50 50
deformation
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