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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

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promfote international
o-operation on all questions concerning standardization in the electrical and electronic fields. jTo this end|and
addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Repprts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC-'Rublication(s)”). Their
reparation is entrusted to technical committees; any IEC National Committee interested.in the subject dealt|with
ay participate in this preparatory work. International, governmental and non-goverpmental organizations liaising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatiop for
tandardization (ISO) in accordance with conditions determined by agreement between the two organizations.

1

2) The formal decisions or agreements of IEC on technical matters express, a§/mnearly as possible, an international
onsensus of opinion on the relevant subjects since each technical committee has representation from all

terested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiénal use and are accepted by IEC National
ommittees in that sense. While all reasonable efforts are made_to ensure that the technical content of|IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for|any

isinterpretation by any end user.

4) order to promote international uniformity, IEC Natieanal Committees undertake to apply IEC Publicafions
ansparently to the maximum extent possible in their natiohal and regional publications. Any divergence between

ny IEC Publication and the corresponding national ortégional publication shall be clearly indicated in the ITter.

5) C itself does not provide any attestation of ¢gnformity. Independent certification bodies provide conformity

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|any
ervices carried out by independent certification bodies.

6)
7)

Il users should ensure that they have the,latest edition of this publication.

o liability shall attach to IEC or itsxdirectors, employees, servants or agents including individual experts|and
embers of its technical committees.and IEC National Committees for any personal injury, property damage or
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)|and
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications.

8) Attention is drawn to the\Normative references cited in this publication. Use of the referenced publications is

ihdispensable for the(correct application of this publication.

9) Attention is drawn te-the possibility that some of the elements of this IEC Publication may be the subject of patent

ights. IEC shall.not be held responsible for identifying any or all such patent rights.

redline version of the official IEC Standard allows the user to identify the changes
magde to the previous edition IEC 60092-360:2014. A vertical bar appears in the ma;lgin

wherever a change has been made. Additions are in green text, deletions areg in
strikethrough red text.
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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

inst

allations of ships and of mobile and fixed offshore units.

This second edition cancels and replaces the first edition published in 2014. This edition

con

stitutes a technical revision.

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

a)
b)
c)
d)

e)

Thd

Ful
rep

Thi

Ali
in 9

The
sta
the

pdatcc Uf U1 IIIGtiVCO ICfUIUIIbUD,
replacement of linear swelling with volume swelling;
correction of a calculation mistake in Table 3;
change in Table 4 and Table 6 (treatment conditions) of time under load (from, #5 min tg
min);
addition of mechanical properties after aging in oil based test fluid in Table™10 (CAS num
64742-46-7; EC number: 934-956-3).

text of this document is based on the following documents:
FDIS Report on véting
18A/437/FDIS 18A/440/RVD

information on the voting for the approval of thisdnternational Standard can be found in
prt on voting indicated in the above table.

5 document has been drafted in accordanee ‘with the ISO/IEC Directives, Part 2.

5t of all parts of the IEC 60092 series,published under the general title Electrical installati
hips, can be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until
bility date indicated on thelEC website under "http://webstore.iec.ch" in the data relate
specific document. At this'date, the document will be

reconfirmed,

withdrawn,

replaced by“a‘revised edition, or

amended.

10

ber

the

oNns

the
J to

of

its contents. Users should therefore print this document using a colour printer.

IMPORFANT—TFhe—cot sidet | fthi btrcati indicates

that it contains colours which are considered to be useful for the correct understanding
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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
Thig part of IEC 60092 specifies the requirements for electrical, mechanical and particplar
chdracteristics of insulating and sheathing materials intended for use in shipboard<@nd fixed

and

Ths

mobile offshore unit power, control, instrumentation and telecommunication cables.

different insulating and sheathing materials have been divided into three-/categories

list¢d in Table 1.

Table 1 — Categories and types of materials

as

Title Compounds included

Cr¢ss-linked insulating compounds EPR; HEPR; XEPE; S 95; HF 90

Cr¢ss-linked sheathing compounds SE; SH; SHE 2

Thermoplastic sheathing compounds SHF 1;{ST 2
2 |Normative references
Thq following documents, in whole or inpart, are normatively referenced in this document gnd
are|indispensable for its application.-For dated references, only the edition cited applies. [For
undated references, the latest edition*of the referenced document (including any amendmenpts)
applies.
IEQ 60092-350:—*2020, Electrical installations in ships — Part 350: General construction pnd
tes] methods of power,; control and instrumentation cables for shipboard and offsHore
applications
IEQ 60684-2:2011,Flexible insulating sleeving — Part 2: Methods of test
IEQ 6075441, Test on gases evolved during combustion of materials from cables — Parf 1:
Defermination of the halogen acid gas content

IE

807542 Taost on gnoao avolvad rlurl'ng combustion of matariale fram ~ahlgc I Y.
f t=—rc—-0-51—06H < Y-oHH-e-G—a-HHHA G + —HHate+HcH HHOS +—cH

o orotroH—o—r et orrearo— 1ot

Determination of acidity (by pH measurement) and conductivity

IEC 60811-201:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 201: General tests — Measurement of insulation thickness
IEC 60811-201:2012/AMD1:2017

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 60811-202:2012/AMD1:2017

+__To be published-
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IEC 60811-401:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

IEC

60811-401:2012/AMD1:2017

IEC 60811-403:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC 60811-404:2012, Electric and optical fibre cables — Test methods for non-metallic materials
— Part 404: Miscellaneous tests — Mineral oil immersion tests for sheaths

IEQ
-P

IEQ
- A
anag
IEQ

IEQ
e

IEQ
-P

IEC
— F

IEQ

IEC
-P
sho
IEC

ISQ
Har

I1SQ

3

60811-409:2012, Electric and optical fibre cables — Test methods for non-metallic mater
art 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and shea

60811-501:2012, Electric and optical fibre cables — Test methods for non-metallic mater
art 501: Mechanical tests — Tests for determining the mechanical properties) of insula
sheathing compounds

60811-501:2012/AMD1:2018

60811-505:2012, Electric and optical fibre cables — Test methods'for'non-metallic mater
art 505: Mechanical tests — Elongation at low temperature for insulations and sheaths

60811-507:2012, Electric and optical fibre cables — Testnéethods for non-metallic matern
art 507: Mechanical tests — Hot set test for cross-linked materials

60811-508:2012, Electric and optical fibre cables™Test methods for non-metallic maten
art 508: Mechanical tests — Pressure test at high' temperature for insulation and shead

60811-508:2012/AMD1:2017

60811-509:2012, Electric and optical\fibre cables — Test methods for non-metallic maten
art 509: Mechanical tests — Test fopresistance of insulations and sheaths to cracking (H
ck test)

60811-509:2012/AMD1:2017

48-2:2018, Rubber, vulcanised or thermoplastic — Determination of hardness — Par
dness between10 IRHD and 100 IRHD

1817, Rupber, vulcanised or thermoplastic — Determination of the effect of liquids

Terms and definitions

jals
hs

jals
fing

jals

jals

jals
ths

jals
eat

[ 2:

For

the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

add

resses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1
variation
difference between the median value after ageing and the median value without ageing

Note 1 to entry: Variation is expressed as a percentage between the median value before and after ageing.

3.2

median value

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

3.3
typps of insulating compounds

3.3/1

EP

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

3.3{2
HEPR

hard ethylene-propylene rubber
crog$s-linked high modulus or hard grade compound.lin which the elastomer is an ethylgne-
propylene, EPDM or an equivalent synthetic elastomer providing a compound compliant yith
type HEPR

3.313
XLPE

cross-linked polyethylene
crogs-linked compound in which. the polymer is a low density polyethylene or equivalent
synthetic polymer providing a eempound compliant with type XLPE

3.3/4
HF |90

cross-linked polyolefin halogen-free
croEs-Iinked c¢empound in which the polymer is a polyolefin or equivalent synthetic polymer|not
containing.halogens providing a compound which is compliant with type HF 90

3.3/5
S 95
cross-linked silicone rubber

compound based on a polysiloxane elastomer which, when cross-linked, is compliant with type
S 95

3.4
types of sheathing compounds

3.41

SE

polychloroprene rubber

cross-linked compound in which the elastomer is a polychloroprene (PCP) or equivalent
synthetic elastomer providing a compound which is compliant with type SE
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3.4.2
SH

chlorosulphonated polyethylene rubber

chlorinated polyethylene rubber
cross-linked compound in which the characteristic constituent is a synthetic chlorinated rubber

—9-—

EXAMPLE Chlorosulphonated polyethylene (CSP) or chlorinated polyethylene (CPE), which is compliant with type

SH.

3.43

SHF 2

halpgen-free rubber
crogs-linked compound in which the polymer is a polyolefin or equivalent synthetic polymer,|not

conftaining halogens, providing a compound which is compliant with type SHF 2

3.4/4
SHF 1

halpgen-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

3.415
STR

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

STR

3.5
halpgen-free

conmppound that complies with the assessment of halogen requirements in Table 4, Table 6 or

Table 8

4 |[Cross-linked insulating,compounds

4.1 General

Thqg types of cross-linked insulating compound covered by this document are listed in Table 2

together with their@bbreviated designations and maximum rated conductor temperatures du

normal operationsand short-circuit.

Table 2 — Types of cross-linked insulating compounds

ng

Abbreviated Maximum rated conductor temperature Type of insulating material
designation °C
Normal operation Short-circuit
EPR 90 250 Ethylene propylene rubber
HEPR 90 250 Hard grade ethylene propylene rubber
XLPE 90 250 Cross-linked polyethylene
HF 90 90 250 Cross-linked polyolefin halogen-free
S 95 954 350P Cross-linked silicone rubber
2  The normal maximum rated conductor temperature for silicone is 180 °C but it is limited in view of the type of
sheathing material used.
b This temperature is applicable only to power cables and is not appropriate for tinned conductors.
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The test requirements for electrical characteristics of insulating compounds are listed in

Table 3.

Table 3 — Electrical requirements of insulation compounds

14t day, maximum (%).

Designation of the EPR HEPR XLPE HF 90 S 95
insulating compound
Insulation resistance constant K; (MQ-km)
(seqF2ofHEC60092=350-2626)
— gt 20 °C, minimum, 3670 3670 3670 550 185
— gt maximum operating temperature, minimum. 3,67 3,67 3,67 0,55 1,85
Volgme resistivity p(Q-cm)
(seq 7.2 of IEC 60092-350:2020)
— gt 20 °C, minimum, 50 x1p*3
1,0 x 10" | 1,0 x 105 | 1,0 x 10"® | 4;5% 104 ’ 14
5,0 x 1P
— gt maximum operating temperature, minimum. 5,0 < 1p*e
1,0 x 10'2 | 1,0 x 10'2 | 1,0 x40% | 1,5 x 10"
5,0 x 1p"
Increase in AC capacity after immersion in water
at 5p °C, (see 7.3 of IEC 60092-350:2020)
— Hetween the end of the 15t and the end of the
14th day, maximum (%), 15 ¢ - 15 15
_ th
Hetween the end of the 7" and the end of the 5 5 _ 5 5

4.3 Mechanical characteristics

Thqg test requirements for mechanical _characteristics of cross-linked insulating compounds|are

list¢d in Table 4.
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Table 4 — Test requirements for cross-linked elastomeric insulating compounds

Test description

Unit

Test method
described in

Type of insulating compound

Std

Reference

EPR

HEPR

XLPE

HF 90

S 95

Mechanical
properties in the
state as delivered

IEC 60811-501

Values to be
obtained for the:

— tgnste-strengths
mfin.

— ellongation at
beak, min.

N/mm

%

T,7

200

85

200

2.5

200

9,0

120

7.

15

Medhanical
properties after
age|ng in air oven
without conductor

IEC 60811-401

Agelng conditions:

— tdmperature/
tglerance

— ddiration of
treatment

°C

135+ 3

168

1353

168

135+ 3

168

1353

168

20043

24

Valge to be obtained
for the tensile
strehgth

— mfinimum value

— variation max.

N/mm?2

%

Valge to be obtained
for the elongation at
bregk

— mfinimum value

— variation max.

%
%

12

Medhanical
properties after
age|ng in air oven
with| copper
congluctor

IEC 608141-401

Agelng conditions:

— tdmperature/
tdlerance

— ddiration of
treatment

°C

1353

168

150+ 3

168

Valye to be-ebtained
for fhe tensile
strepgth

— varatiom max.

Value to be obtained
for the elongation at
break

— variation max.

%

Hot set test

IEC 60811-507

Treatment
conditions:

— temperature/
tolerance

— time under load
min.

— mechanical stress

°C
min

N/cm?

250+ 3

4510

20

2503

4510

20

200+ 3

4510

20

200+3

4510

20

250+ 3

4510

20
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Test method Type of insulating compound
Test description Unit described in
Std Reference| EPR HEPR XLPE HF 90 S 95
Test requirements:
— elongation max. % 175 175 175 175 175
under load
- eIongation max. % 15 15 15 15 25
after unloading
Determination of IEC 60092-360 | Annex A 80
hardness IRHD
min e
Detgrmination of IEC 60092-360 | Annex B
elagtic modulus
Modulus at 150 % N/mm?2 4,5
elor|gation
(minimum)
Ozdne resistance IEC 60811-403
test|(method A or B)
Tes| conditions of - - - - -
method A
— tgmperature °C 25+ 2 25+2 - 25+2 -
— ddiration h 30 30 - 30 -
— ozone ppm 250-300 ¢, 250-300 - 250-300 -
concentration 275 + 285\275 + 25 275 + 25
Result to be obtained crr::ks No cracks - No cracks -
Tes}| conditions of - -
method B
~ tgmperature °C 402 | 40%2 - 40 £ 2 -
— ddiration h 72 72 _ 72 _
— ozone ) % (200 = (200 % 50) - (200 + 50) -
concentration, (by 50) x X X
vplume) 10-6 10-6 10-6
- rdlative humidity % 55+ 10 | 55+ 10 - 55 + 10 -
— mlinimum air speed mm/s 500 500 _ 500 _
af the level of the
test piece
Resplt to be obtained cr,:c?ks No cracks No cracks
Assessment of
halqgens 2
pH IEC 60754-2 24,3 24,3 24,3 24,3 24,8
Conlduetivity uS-mm! <10 <10 <10 <10 <1
Amount of halogen
acid gas:
= HCl and HBr % IEC 60754-1 0,5 0,5 0,5 0,5 0,5
(max.)
— HF (max.) % IEC ;3(());3184-2: 45 0,1 0,1 0,1 0,1 0,1

2 Test required when materials are used in halogen-free cables or identified as a halogen-free compound.
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5 Cross-linked sheathing compounds

5.1

General

The types of cross-linked sheathing compound covered by this document are listed in Table 5
together with their abbreviated designations.

Table 5 — Types of cross-linked sheathing compound

Abbreviated designation

Type of material and general application

SE

Polychloroprene rubber

SH

Chlorosulphonated polyethylene or chlorinated polyethylene rubber

SH

F 2

Halogen-free rubber

SE|

and SH materials are suitable for use over the types of insulation given in Table 2 except for, XLPE. Types
andl SH-may-release are permitted even though it releases harmful fumes under fire conditions. SE and
materials should be avoided for installation in passenger vessels and in evacuation areasy

SE
SH

5.2
The

Mechanical characteristics

test requirements for mechanical characteristics of cross-linked sheathing compounds
n in Table 6. Additional requirements for enhanced typés, are given in Clause 7. To cl

are
Rim

enhanced performance, compounds shall comply with thelrelevant table or tables of Claude 7

giVj
in

ddition to the basic requirements in Table 6.
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Test method described

Type of cross-linked sheathing compound

Test description Unit in
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, % 250 300 120
rpin.
Mgchanical properties IEC 60811-401
after ageing in air oven
Agging conditions:
— temperature/tolerance °C 100 + 2 100 + 2 120 + 3|
— duration of treatment h 168 168 168
Tepsile strength
— Variation max. % +30 +30 +30
Elgngation at break
— Jalue min. % 250 -
— Variation max. % 130 +40 +30
Mgchanical properties IEC 60811-404
after immersion in mineral
oil [RM 902
Agging conditions:
— temperature of oil °C 100 + 2 100 + 2 100 £ 2
— duration of treatment h 24 24 24
Values to be obtained for:
— tensile strength, % 140 140 +40
ariation max.
— g¢longation at break, % +40 +40 +40
ariation max.
Hol set test IEC 60811-507
Trgatment conditions: -
— temperature/tolerance °c 200+ 3 200+ 3 200+ 3
— fime under load min. min 4510 4510 4510
— thechanical stress N/cm?2 20 20 20
Tept requirements:
— glongation max.\under % 175 175 175
Ipad
— glongatiemymax. after % 15 15 15
ynloading
Ozpne'resistance test IEC 60811-403
(method A or B)
Test conditions of
method A
— temperature °C 25+ 2 25+ 2 25 12
— duration h 24 24 24
— ozone concentration % (275 £ 25) x (275 £ 25) x (275 = 25) x
(by volume) 1074 1074 1074
Result to be obtained No cracks No cracks No cracks
Test conditions of
method B
— temperature °C 40 £ 2 40 £ 2 40+ 2
— duration h 72 72 72
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Test method described

Type of cross-linked sheathing compound

Test description Unit in
Std Clause SH SE SHF 2
— ozone concentration, % (200 £ 50) x (200 £ 50) x (200 * 50) x
(by volume) 10-6 10-6 106
— relative humidity % 55+ 10 55+ 10 55+ 10
— minimum air speed at mm/s 500 500 500
the level of the test
piece
Result to be obtained No cracks No cracks No cracks
Bepaviour at low
temperature
Elgngation test (for IEC 60811-505
calples not subject to
bending test)
Tept conditions:
— femperature: °C -15+2 —-15(%2 -15 + 2
— duration h 16 16 16
Repult to be obtained:
— glongation at break, % 30 30 30
min.
Asgessment of halogens 2
pH - IEC 60754-2 24,3
Copductivity uS-mm-1 IEC 60754-2 <10
Anjount of halogen acid
gas:
— HICI and HBr % IEC 60754-1 0,5
aximum)
— HF (maximum) % IEC 60684; 45 0,1
2:2011

a8 |Test required when materials used in halegén free cables or identified as halogen free compounds.

6 |Thermoplastic sheathing compounds

6.1 General

Thqg types of thermoplastic sheathing compounds covered by this document are listed in Tabje 7
together with their abbreviated designations.

Table 7 — Types of thermoplastic sheathing compound

AQbreviated

Type of thermoplastic sheathing material

desigmation

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

Type ST 2 is permitted even though it releases harmful fumes under fire conditions. ST 2 material should be
avoided for installation in passenger vessels and in evacuation areas.

6.2 Mechanical characteristics

The test requirements for mechanical characteristics of thermoplastic sheathing compounds are

listed in Table 8.
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Table 8 — Test requirements for thermoplastic sheathing compounds

Test description

Unit

Test method described in

Type of sheathing compound

Std

Clause

ST 2 SHF 1

Mechanical properties in the state as
delivered

IEC 60811-501

Values to be obtained for:
— tensile strength, min.
— elongation at break, min.

N/mm?2
%

12,5 9,0
150 120

Medtramicatproperties afterageingim
air gven without conductor

IEC 60811-401

Agejing conditions:
— tedmperature

— ddiration of treatment

°C

100+ 2
168

100 £ 2
168

Valye to be obtained for the tensile
strepgth

— mfinimum value

— variation max.

N/mm?2
%

12,5 7,0
+25

Valye to be obtained for the
elorjgation at break

— mfinimum value
— variation max.

%
%

150
25

110
+30

Pregsure test at high temperature

IEC 60811-508

Tes| conditions:
— tedmperature

ration for cables having an outer
dilameter <12,5 mm

ration for cables having an outer
dilameter >12,5 mm

°C

80 + 2 80 2

Valye to be obtained:
— mlaximum permissible deformation

Y

50 50

Heat shock

IEC 60811-509

Tes}| conditions:
— teamperature

— ddiration

°C

150+ 3 150+ 3
1 1

Resplt to be obtained:

No cracks No crackg

Los$ of mass

IEC 60811-409

Not applicalple

Tes} conditions
— tdmperature

— ddiration

°C

100+ 2
168

Reslultit6 be obtained:
Maximum loss of mass

mg/cm?

1,5

Behaviour at low temperature

Elongation test (for cables not
subject to bending test)

IEC 60811-505

Test conditions:
— temperature:
— duration

°C

-15+2 -15+2

Result to be obtained:
— elongation at break, min.

%

30 30

Assessment of halogens 2@

pH
Conductivity

Not applicable

uS-mm-"

IEC 60754-2
IEC 60754-2
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Test method described in Type of sheathing compound
Test description Unit
Std Clause ST 2 SHF 1
Amount of halogen acid gas:
— HCI and HBr (maximum) % IEC 60754-1 0,5
— HF (maximum) % IEC 60684-2:2011 45 0,1

a

Test required when materials used in halogen free cables or identified as halogen-free compounds.

7.1

Additional optional requirements for enhanced oil resistance and drilling fluid resistance
included in Clause 7.

General

Test requirements

are

D
+
®

Enhanced oil resistant sheathing compounds shall comply with the tests according to Tablg 9.
Driljing fluid resistant sheathing compounds shall comply With the enhanced oil resistance tgsts
accprding to Table 9 and to all the tests according tg _Tiable 10.
Table 9 — Test requirements for sheathing compounds
with enhanced oilresistance properties
Test method described in Requite-
[est description for enhanced oil resistdnt types Unit men
Standard Reference
Mechanical properties after ageing in(IRM 902 IEC 60092-360 Annex C
Tept conditions:
— femperature/tolerance of oil °C 100 |2
— duration of treatment h 168
Retult to be obtained:
— tensile strength, wariation max. % +40
— g¢longation at/break, variation max. +40
— Hnrear volume 'swell, variation max. +15 30
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Table 10 — Test requirements for sheathing compounds
with drilling fluids resistance properties (test for mud resistance)

Test method described in Require-
Test description for drilling fluid resistant types Unit ment
Standard Reference

Mechanical properties after ageing in IRM 903 IEC 60092-360 Annex C
Test conditions:
— temperature/tolerance of oil °C 100 + 2
— duration of treatment h 168
Reslult to be obtained:
— tgnsile strength, variation max. % +30
— ellongation at break, variation max. % +30
— v@lume swelling, variation max. % +30
— wpight change, variation max. % +30
Medhanical properties after ageing in calcium bromide IEC 60092-360 Annex D
bring
Tes}| conditions:
— tdmperature/tolerance of fluid °C 70tp
— ddiration of treatment days 56
Resplt to be obtained:
— tdnsile strength, variation max. % +25
— elongation at break, variation max. % +25
— v@¢lume swelling, variation max. % +20
— wpight change, variation max. % 15
Medhanical properties after aging in oil based test fluid IEC 60092-360 Annex D
(CAB number: 64742-46-7; EC number: 934-956-3) @
Tes}| conditions:
— tgmperature/tolerance of fluid °C 70£p
— d{iration of treatment days 56
Resplt to be obtained:
— tgnsile strength, variation max. % +30
— elongation at break, variation max; % +30
— vplume swelling, variation maxy: % +25
— wgight change, variation max. % +25
@ The test fluid propertiess\shall be according to CAS and EC numbers.
NOTE CAS (Chemical Abstracts Service) is a chemical substance category system.; EC number is a Eurogean
Conmpmunity unique.identification of a chemical material.
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Annex A
(normative)

Determination of hardness of HEPR insulation

A.1 Test piece

The test piece shall be a sample of completed cable with all the coverings external to the rubber
surface to be measured carefully removed. Alternatively, a sample of insulated core may be
used.

A.4d Test procedure

A.2l1 General

Tegts shall be made in accordance with ISO 48-2 with exceptions as indicated in A.2.2 to A.R.5.

A.2|2 Surfaces of large radius of curvature

Thqg test instrument, in accordance with ISO 48-2, shall be cofstructed so as to rest firmly on
the|rubber surface and permit the presser foot and indentor\to make vertical contact with this
surface. This is done in one of the following ways:

a) [the instrument is fitted with feet movable in universal joints so that they adjust themselves
to the curved surface;

b) [the base of the instrument is fitted with two-'parallel rods A and A' at a distance apart
depending on the curvature of the surface, (see Figure A.1).

[N o 4 O VMo N
A A

IEC
Figure A.1 — Testing surfaces of large radius of curvature

These methods may be used on surfaces with a radius of curvature down to 20 mm.
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When the thickness of rubber tested is less than 4 mm, an instrument as described in the
method in ISO 48-2 for thin and small test pieces shall be used.

A.2.3 Surfaces of small radius of curvature

On surfaces with too small a radius of curvature for the procedures described in A.2.2, the test
piece shall be supported on the same rigid base as the test instrument, in such a way as to
minimise bodily movement of the rubber surface when the indenting force increment is applied
to the indentor and so that the indentor is vertically above the axis of the test piece. Suitable
procedures are as follows:

a) |by resting the test piece in a grove or trough in a metal jig — see Figure A.2 a);
b) |by resting the ends of the conductor of the test piece in V-blocks — see Figure A.2)b)

IEC IEC

a)’ Metal jig b) V blocks

Figure A.2 — Testing surfaces of small radius of curvature

Thd_smiallest radius of curvature of the surface to be measured by these methods shall bé at
least 4 mm.

For smaller radii, an instrument as described in the method in ISO 48-2 for thin and small test
pieces shall be used.

A.2.4 Conditioning and test temperature

The minimum time between manufacture, i.e. vulcanisation, and testing shall be 16 h.

The test shall be carried out at a temperature of (20 + 2) °C and the test pieces shall be
maintained at this temperature for at least 3 h immediately before testing.
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A.2.5 Number of measurements

One measurement shall be made at each of three or five different points distributed around the
test piece. The median of the results shall be taken as the hardness of the test piece, reported
to the nearest whole number in International Rubber Hardness Degrees (IRHD).
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Annex B
(normative)

Determination of the elastic modulus of HEPR insulation

Procedure

Sampling, preparation of the test pieces and the test procedure shall be carried out in
accordance with IEC 60811-201.

Thdg

be galculated by dividing the loads measured by the cross-sectional areas of the unstretc

test

modlulus at 150 % elongation.

The

B.2

Thd

loads required for 150 % elongation shall be measured. The corresponding stresses s

hall
hed

pieces. The ratios of the stresses to strains shall be determined to obtain the elalstic

elastic modulus shall be the respective median values.

Requirements

results of the test shall comply with the requirements given-in Table 4.
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Annex C
(normative)

Procedure for enhanced hot oil
immersion test for sheaths

Sampling and preparation of the test pieces

tests pieces shall be prepared in accordance with procedures described in 4.3

of

IEG

Ths

thickness (1,25 + 0,25) mm.

C.2

Ses¢

C.3

Minferal oil type IRM 902 (in accordance with ISO 1817) for Table 9 or mineral oil IRM 903
accprdance with 1ISO 1817) for Table 10.

cA4

60811-202:2012.

test of determination of-inrear volume swell shall be carried out on dumb-belly,sample

Determination of the cross-sectional area of the test piece

the test method in IEC 60811-202.

Oil to be used

Procedure

Befpre immersion of each test piece, the>weight to within 0,1 mg and linear dimension in

mill
tem

The
sh

tes{ pieces shall be removed)from the oil, blotted lightly to remove oil excess and suspende
air at ambient temperature for at least 16 h but not more than 24 h, unless otherwise speci

int
by

properties of each test piece shall be measured.

C.§

Thd

metres along the axis of the dumb-bell (to one decimal place) shall be measured at rg
perature.

n, the test pieces shall besimmersed in an oil bath previously heated to (100 £ 2) °C
[l be maintained in oil at that temperature for 7 days. At the end of the specific duration,

e relevant cable standard. At the end of this period, any further excess oil shall be remo
ightly blotting the-tests pieces, and then the-linear volume swell, weight and mechan

Expression of results

om

And
the
d in
fied
ved
ical

ece

calCulation of tensile strength shall be based on the cross-sectional area of the test pi

measured before immersion.

The difference between the median value obtained of the five test pieces immersed in oil and
the median value of the values obtained for the unaged test pieces, expressed as a percentage
of the latter, shall not exceed the percentage specified in the requirements.

The

volume swell AV and change of weight AW are calculated as follows:



https://iecnorm.com/api/?name=9d4f80d137ca51248e10f5b148b24abb

- 24 — IEC 60092-360:2021 RLV © IEC 2021

AV=((V;—V)IV)x100)
AW = (W, — W;) | W;) x 100)

where
is the volume dimension before immersion;

Vi is the volume dimension after immersion;

W’ o thao vwniaht hafara s Ao i N
 —

W; | is the weight after immersion.

C.§ Requirements

Thg results of the test shall comply with the requirements given in Table\9 ‘or Table 10
applicable.

as
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Annex D
(normative)

Procedure for drilling fluid immersion test for sheaths

D.1 Drilling fluid resistance test

Drilling fluids are used in almost every oilfield drilling operation. The fluids used in the so-called
drilling fluid systems may come into contact with cables and may affect the functioning of the
cablles. The suitability of electric cable sheathing materials, as given in this document| to
exposure to these drilling fluids is heavily dependent on the type of drilling fluid present.

D.2 DBrillingfluid-to-be-used Test fluids

Thd varicous drillinag fluids can bhe
Va3 HOUS GHHHRgGHHHGS CaR-oe

o
o
)
)
®
o

nd
o}

d

a) [Test fluids to be used for the immersion test~IRM 903 oil as given in Table 10;

b) |Generic brine-based mud (calcium broide brine, 45 % w/w CaBr, in water) as givef in
Table 10;

c) |oil based test fluid CAS number_as-given in Table 10.

D.3 Procedure

Five tests pieces shall -be” prepared in accordance with procedures described in 4.3 of
IEG 60811-202:2012.

Thg test for determination of-linear volume swell is carried out on dumb-bell sampleg of
thickness (1,25%0,25) mm.

Thg method of the determination of the cross-sectional area of test piece is given in IEC 608§11-
202.

Before immersion of each test piece, the weight to within 0,1 mg and linear dimension in
millimetres along the axis of the dumb-bell (to one decimal place) shall be measured at room
temperature.

Then, the test pieces shall be immersed in the particular fluid as given in Table 10 previously
heated to (70 = 2) °C and shall be maintained at that temperature for 56 days. At the end of the
specific duration, the test pieces shall be removed from the fluid, blotted lightly to remove
excess fluid and suspended in air at ambient temperature for at least 16 h but not more than 24
h, unless otherwise specified in the relevant cable standard. At the end of this period, any
further excess fluid shall be removed by lightly blotting the test pieces, and then the-linear
volume swell, weight and mechanical properties of each test piece shall be measured.
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D.4 Expression of results

The calculation of tensile strength shall be based on the cross-sectional area of the test piece
measured before immersion.

The difference between the median value obtained for the five test pieces immersed in fluid and
the median value of the values obtained for the unaged test pieces, expressed as a percentage
of the latter, shall not exceed the percentage specified in the requirements.

100) —300%

70

Thg volume swell AV and change of weight AW are calculated as follows:

AV = (V- V) | V) x 100)

AW = ((W; - W) | W) x 100)

whére

is the volume dimension before immersion;
Vi | is the volume dimension after immersion;
is the weight before immersion ;

; | is the weight after immersion.

D.§ Requirements
Thq results of the test shall comply with the requirements given in Table 10.

Mafierials meeting this drilling fluid resistance test are not necessarily suitable for use in a
specific drilling fluid orin particular operating conditions. A specific agreement with the cgble
manufacturer and/of additional testing in the specific oil and particular conditions can| be
negessary.
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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 standardization comprising
3ll national electrotechnical committees (IEC National Committees). The object of IEC\ is to profnote
ihternational co-operation on all questions concerning standardization in the electrical and (electronic fieldd. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftéryreferred to as [IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested

in the subject dealt with may participate in this preparatory work. Internatiohal, governmental and phon-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cldsely

ith the International Organization for Standardization (ISO) in accordancerwith conditions determined by
ggreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express,_as nearly as possible, an international
¢onsensus of opinion on the relevant subjects since each technical{committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for intephational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts areszmade to ensure that the technical content of|IEC
ublications is accurate, IEC cannot be held responsible “for the way in which they are used or for|any
isinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicafions
ransparently to the maximum extent possible in»their national and regional publications. Any divergg¢nce
hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicatgd in
the latter.

5) IEC itself does not provide any attestation’of conformity. Independent certification bodies provide confoiqmity
gdssessment services and, in some areas) ‘access to IEC marks of conformity. IEC is not responsible for|any
dervices carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEG ‘er’its directors, employees, servants or agents including individual experts|and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
¢gther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)|and
g¢xpenses arising out_ef\the publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications.

8) Attention is drawn ‘te’ the Normative references cited in this publication. Use of the referenced publications is
ihdispensable for\the correct application of this publication.

9) Attention is~drawn to the possibility that some of the elements of this IEC Publication may be the subjegt of
patent rights/ IEC shall not be held responsible for identifying any or all such patent rights.

tric
18:

Electrical installations of shlps and of mob|Ie and f|xed offshore units.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

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

a) updates of normatives references;
b) replacement of linear swelling with volume swelling;
c) correction of a calculation mistake in Table 3;
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d)

e)

change in Table 4 and Table 6 (treatment conditions) of time under load (from 15 min to

10 min);

addition of mechanical properties after aging in oil based test fluid in Table 10 (CAS

number 64742-46-7; EC number: 934-956-3).

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

FDIS Report on voting
18A/437/FDIS 18A/440/RVD

Ful
the

Thi

Al

instfallations in ships, can be found on the IEC website.

The
sta
the

information on the voting for the approval of this International Standard can be foun
report on voting indicated in the above table.

5 document has been drafted in accordance with the ISO/IEC Directives, Part2:

st of all parts of the IEC 60092 series, published under the general title Electr

committee has decided that the contents of this document willremain unchanged until
bility date indicated on the IEC website under "http://webstoreliec.ch" in the data relate
specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

J in

jcal

the
J to
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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
Thig part of IEC 60092 specifies the requirements for electrical, mechanical and particplar
chdracteristics of insulating and sheathing materials intended for use in shipboard<nd fixed

and

The

list¢d in Table 1.

mobile offshore unit power, control, instrumentation and telecommunication cables.

different insulating and sheathing materials have been divided into three-/categories

Table 1 — Categories and types of materials

as

Title Compounds included

Cr¢ss-linked insulating compounds EPR; HEPR; XEPE; S 95; HF 90

Cr¢ss-linked sheathing compounds SE; SH; SHE 2

Thermoplastic sheathing compounds SHF 1;{ST 2
2 |Normative references
Thq following documents, in whole or inpart, are normatively referenced in this document gnd
are|indispensable for its application.-For dated references, only the edition cited applies. [For
undated references, the Ilatest ‘edition of the referenced document (including pny
amg¢ndments) applies.
IEQ 60092-350:2020, Electrical installations in ships — Part 350: General construction and fest
methods of power, control and instrumentation cables for shipboard and offshore applicatidns
IEG 60684-2:2011,Flexible insulating sleeving — Part 2: Methods of test
IEQ 60754-1,Test on gases evolved during combustion of materials from cables — Parf 1:
Determination of the halogen acid gas content
IEQ 60754-2, Test on gases evolved during combustion of materials from cables — Parf 2:
Detfermination-of-acidity{by-pH -measurementl-and-conductivity

IEC 60811-201:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 201: General tests — Measurement of insulation thickness

IEC

60811-201:2012/AMD1:2017

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 60811-202:2012/AMD1:2017

IEC 60811-401:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 401: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven
IEC 60811-401:2012/AMD1:2017
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IEC 60811-403:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC 60811-404:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 404: Miscellaneous tests — Mineral oil immersion tests for sheaths

IEC 60811-409:2012, Electric and optical fibre cables — Test methods for non-metallic
materials — Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations
and sheaths

IEG
ma

insylating and sheathing compounds

IEG

IEC
ma
she

IEG
ma

IEC
ma
she
IEC

60811-501:2012, Electric and optical fibre cables — Test methods for non-met
erials — Part 501: Mechanical tests — Tests for determining the mechanical propertie

60811-501:2012/AMD1:2018

60811-505:2012, Electric and optical fibre cables — Test methods~.for non-met
erials — Part 505: Mechanical tests — Elongation at low temperature\dor insulations
aths

erials — Part 507: Mechanical tests — Hot set test for cross-linked materials

erials — Part 508: Mechanical tests — Pressure test abhigh temperature for insulation
aths
60811-508:2012/AMD1:2017

hllic
5 of

hllic
and

60811-507:2012, Electric and optical fibre cables — Test methods for non-metallic

60811-508:2012, Electric and optical fibre cables¢—"Test methods for non-metallic

and

IEQ 60811-509:2012, Electric and optical fibre cables — Test methods for non-metallic
mafterials — Part 509: Mechanical tests —Iest for resistance of insulations and sheath$ to
cra¢king (heat shock test)

IECG 60811-509:2012/AMD1:2017

IS 48-2:2018, Rubber, vulcaniséd or thermoplastic — Determination of hardness — Parf 2:
Harndness between 10 IRHD and-100 IRHD

1ISQ 1817, Rubber, vulcanised or thermoplastic — Determination of the effect of liquids

3 |Terms and definitions

For[the purpases of this document, the following terms and definitions apply.

IS and_JEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

variation

difference between the median value after ageing and the median value without ageing

Note 1 to entry: Variation is expressed as a percentage between the median value before and after ageing.
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3.2

median value

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

3.3
types of insulating compounds

3.3.1
EPR
etr:FIene-propylene rubber

crogs-linked compound in which the elastomer is an ethylene-propylene, EPDM Tor| an
equivalent synthetic elastomer providing a compound compliant with type EPR
3.3{2
HEPR

hard ethylene-propylene rubber
crogs-linked high modulus or hard grade compound in which the elastomer is an ethylgne-
propylene, EPDM or an equivalent synthetic elastomer providing a egmpound compliant yith
typé HEPR

3.3]3
XLPE

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

3.3/4
HF |90

cross-linked polyolefin halogen-free
cro$s-linked compound in which the polymer is a polyolefin or equivalent synthetic polymer
not|containing halogens providing a compound which is compliant with type HF 90

3.3/5
S9

cross-linked silicone rubber
compound based on a_ polysiloxane elastomer which, when cross-linked, is compliant \ith
type S 95

3.4
types of sheathing compounds

3.411
SE
polychioroprene rubber
crossalinked compound in which the elastomer is a Innlyr‘hlnmlnrpnp (P(‘P) ar equivalent

synthetic elastomer providing a compound which is compliant with type SE

3.4.2

SH

chlorosulphonated polyethylene rubber

chlorinated polyethylene rubber

cross-linked compound in which the characteristic constituent is a synthetic chlorinated rubber

EXAMPLE Chlorosulphonated polyethylene (CSP) or chlorinated polyethylene (CPE), which is compliant with type
SH.
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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

3.4.4

SHF 1

halogen-free thermoplastic

thermoplastic compound in which the polymer is a polyolefin or equivalent synthetic polymer

not containinrg-halogensproviding-a—compound-which-is—complant-with-tvoe-SHE 1
J J Lad J ~ Lad P AL

3.415
STPR
polyvinyl chloride thermoplastic
thermoplastic compound based on plasticised polyvinyl chloride which is compliant with type
STPR

3.5
halpgen-free
conppound that complies with the assessment of halogen requiregments in Table 4, Table 6 or
Tahle 8

4 |Cross-linked insulating compounds

4.1 General
Thg types of cross-linked insulating compoundieovered by this document are listed in Table 2

together with their abbreviated designations and maximum rated conductor temperatdres
dur|ng normal operation and short-circuit,

Table 2 — Types of cross-linked insulating compounds

Abbreviated Maximum rated conductor temperature Type of insulating material
dlesignation °C
Normal operation Short-circuit
EPR 90 250 Ethylene propylene rubber
HEPR 90 250 Hard grade ethylene propylene rubher
XLPE 90 250 Cross-linked polyethylene
HF| 90 90 250 Cross-linked polyolefin halogen-freq
S 95 952 350° Cross-linked silicone rubber

Ther hormal maximum rated conductor temperature for silicone is 180 °C but it is limited in view of the typq of
sheathing material used.

b

This temperature is applicable only to power cables and is not appropriate for tinned conductors.

4.2 Electrical characteristics

The test requirements for electrical characteristics of insulating compounds are listed in
Table 3.
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Table 3 — Electrical requirements of insulation compounds

Designation of the
insulating compound

EPR

HEPR

XLPE

HF 90

S 95

Insulation resistance constant K; (MQ-km)
(see 7.2 of IEC 60092-350:2020)

— at 20 °C, minimum,

— at maximum operating temperature, minimum.

3670
3,67

3670
3,67

3670
3,67

550
0,55

1850
1,85

Volume resistivity p(Q-cm)
(see 7.2 of IEC 60092-350:2020)

- jt 20 °C, minimum,

t maximum operating temperature, minimum.

1,0 x 101°
1,0 x 1012

1,0 x 101°
1,0 x 1012

1,0 x 101°
1,0 x 1012

1,5 x 1014
1,5 x 10"

5,0x\1p'4
5)0 1p 11

Increase in AC capacity after immersion in water
at 5p °C, (see 7.3 of IEC 60092-350:2020)

— Hetween the end of the 15t and the end of the
14t day, maximum (%),

— Hetween the end of the 7t and the end of the
14t day, maximum (%).

15

15

16

15

4.3 Mechanical characteristics

Thqg test requirements for mechanical characteristics of cross-linked insulating compounds|are

list¢d in Table 4.
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Table 4 — Test requirements for cross-linked elastomeric insulating compounds

Test description

Unit

Test method
described in

Type of insulating compound

Std

Reference

EPR

HEPR

XLPE

HF 90

S 95

Mechanical
properties in the
state as delivered

IEC 60811-501

Values to be
obtained for the:

— tgnste-strengths
mfin.

— ellongation at
beak, min.

N/mm*=

%

7,7

200

85

200

2.5

200

9,0

120

7.

15

Medhanical
properties after
age|ng in air oven
without conductor

IEC 60811-401

Agelng conditions:

— tdmperature/
tglerance

— ddiration of
treatment

°C

135+ 3

168

1353

168

135+ 3

168

1353

168

20043

24

Valge to be obtained
for the tensile
strehgth

— mijinimum value

— variation max.

N/mm?2

%

Valde to be obtained
for fhe elongation at
bregk

— mijinimum value

— variation max.

%
%

12

Medhanical
properties after
age|ng in air oven
withl copper
confluctor

IEC 60841-401

Agelng conditions:

— tdmperature/
tglerance

— ddiration of
treatment

°C

135+3

168

150+ 3

168

Valye to be-obtained
for the tehsile
strepgth

Y
— vafrratormmaxs

Value to be obtained
for the elongation at
break

— variation max.

%

Hot set test

IEC 60811-507

Treatment
conditions:

— temperature/
tolerance

— time under load
min.

— mechanical stress

°C
min

N/cm?

250+ 3

10

20

250 £ 3

10

20

200+ 3

10

20

2003

10

20

2503

10

20
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Test method Type of insulating compound
Test description Unit described in
Std Reference| EPR HEPR XLPE HF 90 S 95
Test requirements:
— elongation max. % 175 175 175 175 175
under load
- eIongation max. % 15 15 15 15 25
after unloading
Determination of IEC 60092-360 | Annex A 80
hardness IRHD
min e
Detgrmination of IEC 60092-360 | Annex B
elagtic modulus
Modulus at 150 % N/mm?2 4,5
elor|gation
(minimum)
Ozdne resistance IEC 60811-403
test|(method A or B)
Tes| conditions of - - - - -
method A
— tgmperature °C 25+ 2 25+ 2 - 25+ 2 -
— ddiration h 30 30 - 30 -
— ozone i ppm 275 + 25{. 275 + 25 - 275 + 25 -
concentration
Resklt to be obtained Ne! No cracks - No cracks -
cracks
Tes| conditions of - —
method B
~ tgmperature °C 402 | 402 - 40 £ 2 -
— d{rration h 72 72 - 72 -
— ogone % (200 £ (200 % 50) - (200 + 50) -
concentration, (by 50) x X X
vglume) 10-6 10-6 10-6
- rdlative humidity % 55+ 10 | 55+ 10 - 55 + 10 -
— miinimum air speed | m/s 500 500 _ 500 _
af the level of the
test piece
Resllt to be obtained No No cracks No cracks
cracks
Assessment of
halqgens 2
pH IEC 60754-2 24,3 24,3 24,3 24,3 24,8
Conldugtivity uS-mm-"! <10 <10 <10 <10 <1
Amourt-ef-hategen
acid gas:
- HCl and HBr % IEC 60754-1 0,5 0,5 0,5 0,5 0,5
(max.)
— HF (max.) % IEC 3855184-2: 45 0,1 0,1 0,1 0,1 0,1

2 Test required when materials are used in halogen-free cables or identified as a halogen-free compound.
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5 Cross-linked sheathing compounds

5.1

General

The types of cross-linked sheathing compound covered by this document are listed in Table 5
together with their abbreviated designations.

Table 5 — Types of cross-linked sheathing compound

Abbreviated designation

Type of material and general application

SH Polychloroprene rubber

SH Chlorosulphonated polyethylene or chlorinated polyethylene rubber

SHF 2 Halogen-free rubber

SE| and SH materials are suitable for use over the types of insulation given in Table 2 except,for XLPE. Types
SE| and SH are permitted even though it releases harmful fumes under fire conditions. SE and SH materifals
should be avoided for installation in passenger vessels and in evacuation areas.

5.2

The
are

Mechanical characteristics

test requirements for mechanical characteristics of crossslinked sheathing compou
given in Table 6. Additional requirements for enhanced{types are given in Clause 7.

hds
To

claim enhanced performance, compounds shall comply Wwith the relevant table or tableg of
Clapse 7 in addition to the basic requirements in Table’6.
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Table 6 — Test requirements for cross-linked sheathing compounds

Test method described Type of cross-linked sheathing compound

Test description Unit in

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, % 250 300 120
fim.

Mechanical properties IEC 60811-401

after ageing in air oven

Agging conditions:

— femperature/tolerance °C 100 + 2 100 + 2 120 = 3|

— duration of treatment h 168 168 168

Tepsile strength

— Jariation max. % +30 +30 +30

Eldngation at break

— Jalue min. % 250 -

— Jariation max. % +30 +40 +30

Mechanical properties IEC 60811-404

after immersion in mineral

oil [RM 902

Agping conditions:

— temperature of oil °C 100 + 2 100 + 2 100 % 2

— duration of treatment h 24 24 24

Values to be obtained for:

— tensile strength, % +40 +40 +40
ariation max.

— ¢longation at break, % +40 +40 +40
ariation max.

Ho}l set test IEC 60811-507

Trgatment conditions: -

— temperature/tolerance °C 200+ 3 200+ 3 200+ 3

— fime under load min. min 10 10 10

— mechanical stress N/cm? 20 20 20

Tept requirements:

— g¢longation max\under % 175 175 175
Ipad
— g¢longation.'max. after % 15 15 15

Unloading
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Test method described

Type of cross-linked sheathing compound

Test description Unit in
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 25 12
— duration h 24 24 24
— ozone concentration % (275 £ 25) x (275 £ 25) x (275 = 25) x
y volume) O+ O+ T0 7
Repult to be obtained No cracks No cracks No‘crackls
Tept conditions of
method B
— temperature °C 40 £ 2 40 £ 2 40+ 2
— duration h 72 72 72
— @zone concentration, % (200 £ 50) x (200~+(50) x (200 = 50) x
by volume) 1076 1076 1076
— relative humidity % 55+ 10 55+ 10 55+ 10
— minimum air speed at mm/s 500 500 500
the level of the test
piece
Repult to be obtained No.cfacks No cracks No crackls
Bepaviour at low
temperature
Elgngation test (for IEC 60811-505
cables not subject to
bending test)
Tept conditions:
— temperature: °C -15+ 2 -15+2 -15 + 2
— duration h 16 16 16
Repult to be obtained:
— g¢longation at break, % 30 30 30
rpin.
Asgessment of halogens 2
pH - IEC 60754-2 243
Cohductivity nS-mm-1 IEC 60754-2 <10
Anjount of halogen acid
ga$:
— KHCI and HBr % IEC 60754-1 0,5
aximumy)
— 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 document 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

Type ST 2 is permitted even though it releases harmful fumes under fire conditions. ST 2 material should
avoided for installation in passenger vessels and in evacuation areas.

be

6.2 Mechanical characteristics

Thqg test requirements for mechanical characteristics of thermoplastic sheathing,compou
are|listed in Table 8.

Table 8 — Test requirements for thermoplastic sheathing compounds

nds

Test method described in Type of sheathing compourn

Test description Unit
Std Clause ST 2 SHF 1

Medhanical properties in the state as

deliyered IEC 60811-501

Valges to be obtained for:
— tdnsile strength, min. N/mm?2 12,5 9,0
— elongation at break, min. % 150 120

Medhanical properties after ageing in

air gven without conductor IEC 808INM401

Agejing conditions:

— tdmperature °C 100 + 2 100 + 2
— ddiration of treatment h 168 168
Valge to be obtained for the tensile

strepgth

— miinimum value N/mm? 12,5 7,0
— variation max. % 125 +30

Valge to be obtained for the
elorjgation at break

— mfinimum value % 150 110
— variation max. % +25 +30
Pregsure test at high temperature IEC 60811-508
Tes} conditions:
— tdmperature °C 802 802
— dyration-for cables having an outer h

digmeter <12,5 mm
— duration for cables having an outer h 6 6

diameter >12,5 mm

Value to be obtained:

— maximum permissible deformation % 50 50
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