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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document has been added to existing standards in the ISO 19642 series. It was prepared following
a joint resolution to improve the general structure of the ISO Automotive Electric Cable standards. This
new structure adds more clarity and, by defining a new standard family, opens up the standard for
future amendments.

Many other standards currently refer to ISO 6722-1, ISO 6722-2 and ISO 14572. Therefore, these
standards will stay valid at least until the next scheduled systematic review and will be replaced later
on hy the ISO 19642 series

For new automotive cable projects customers and suppliers are advised on using the ISO{19642 series.

© 1S0 2023 - All rights reserved vii
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INTERNATIONAL STANDARD ISO 19642-12:2023(E)

Road vehicles — Automotive cables —

Part 12:
Dimensions and requirements for unscreened twisted pair
RF cables with a specified analogue bandwidth up to 1 GHz

WARNING — The use of this document may involve hazardous materials, opératjons, and
eqpipment. This documentdoes not purportto address all of the safety concerns, ifany, associated
with its use. It is the responsibility of the user of this document to establish appropriate safety
practices and determine the applicability of regulatory limitations prior to use.

1 | Scope

Ths document specifies the dimensions and requirements for unscreéned single twisted pairf RF cables
with a specified analogue bandwidth up to 1 GHz intended for use in road vehicle applicatipns where
thd nominal system voltage is 30 V a.c. or 60 V d.c.

2 | Normative references

The following documents are referred to in the text’in such a way that some or all of thgir content
conmstitutes requirements of this document. For dated references, only the edition cited applies. For
unflated references, the latest edition of the refefenced document (including any amendmentf) applies.

ISQ) 19642-1, Road vehicles — Automotive cables — Part 1: Terminology and design guidelines
1SQ) 19642-2:—1), Road vehicles — Autombotive cables — Part 2: Test methods

ISQ) 19642-3, Road vehicles — Automotive cables — Part 3: Dimensions and requirements for 30 V a.c. or
60|V d.c. single core copper condiictor cables

IS 21111-8:2022, Road (vehicles — In-vehicle Ethernet — Part 8: Electrical 100-Mbit/§ Ethernet
trdnsmission media, compenents and tests

3 | Terms and definitions

For the purpeses of this document, the terms and definitions given in ISO 19642-1 apply.

ISO andE€ maintain terminology databases for use in standardization at the following addrgsses:

— | IS0 Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Specifications

4.1 General test conditions

The test conditions of ISO 19642-2 shall apply. The descriptions of the tests are found in ISO 19642-2.
This document only contains requirements and specific remarks. The cables shall be submitted to the
tests as specified in Clause 7.

1) Second edition under preparation. Stage at the time of publication: ISO/PRF 19642-2:2023.
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The single cores of the UTP cable shall meet the requirements of ISO 19642-3. Dimensions and conductor
definitions may be different, but shall be documented in the test report.

If suppliers and customers agree upon modifications or changes to the methods and requirements, it is
required that all the changes and modifications are clearly documented.

NOTE The clause numbers in this document are aligned with the clause numbers in ISO 19642-2. Test clause
numbers not needed in this document are identified as “Test is not required” or “Test is not possible”.

4.2 Safety concerns

See the “V\Ilarning" at the beginning of this document.

4.3 Voltage rating

The voltage rating is established by the rating of the cores 30 V a.c. or 60 V d.c.

4.4 Temperature classes

The temperature class rating is established by the rating(s) of the core and-sheath. The rating of the
cable shal| be equal to the lowest rating of the core and sheath. For detail§ on temperature classes, see
[SO 196421.

4.5 Cable construction

For detailed information on preferred constructions please“refer to Table 9 and Table 10. Other
constructfons and materials are permissible when agreed:between customer and supplier.

4.5.1 Single Cores
4.5.1.1 [Lonductor

4.5.1.1.1 | Conductor material

For conduftor materials see ISO 196%42-3 and for additional materials see Table 1.

Table 1'— Additional permissible conductor materials

Spécification Conductor material

Copper magnesium alloy
(CuMg02)

Copper silver alloy (CuAg01)

CEN/TS 13388

Copper tin alloy (CuSn03)
ASTM B452 Copper clad steel (CCS)
ASTM B105 Copper alloy

4.5.1.1.2 Conductor construction

For conductor construction of the core see ISO 19642-3 and Table 9 and Table 10.

4.,5.1.1.3 Maximum conductor outside diameter

For conductor construction requirements of preferred cable types, refer to Table 9 and Table 10. If
possible, use maximum conductor outside diameter values as specified in ISO 19642-3.

2 © IS0 2023 - All rights reserved
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4.5.1.2 Insulation material

The material used shall be documented in the supplier data sheet.

4.5.1.3 Maximum outside diameter of the single cores

:2023(E)

The maximum and minimum diameter of the single cores depend upon the specified impedance and
may not follow the specifications according to ISO 19642-3. If different, outside diameters and minimal

wa

11 thickness shall be documented in the supplier data sheet.

4.

4.5
Th

4.5
Fo1

4.5
If 2
inf]
4.5

4.5

Th
po

4.5

Fo1

Fo1
ISQ

4.6
Foi
Fo1

.2 Twisted pailr

.2.1 Lay length

b lay length shall be documented in the supplier data sheet.

.2.2 Diameter of twisted pair

JUTP cables the diameter of the twisted pair is referenced as inner diameter of sheath.

.3 Separator

separator is used, it shall be documented in the supplierdata sheet. The description shj
brmation about type of material, e.g. PP foil, PETP foil,.powder, etc.

.4 Sheath

4.1 Sheath material

b sheath material shall be a flame retafdant polymer compound or an intrinsically non-{
ymer. The material used shall be doctimented in the supplier data sheet.

4.2 Sheath thickness
sheathed cables, differernt sheath thicknesses are allowed per this document.

new constructions™it is recommended to define the thickness of the sheath acd
19642-1:—2), Annex A.

p Cable designators
the definjtion of the cable designators see Table 2.

reference numbers of preferred cable types refer to Table 9 and Table 10.

11 contain

lammable

ording to

2)

Second edition under preparation. Stage at the time of publication: ISO/PRF 19642-1:2023.
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Table 2 — Cable designator description

Designator Valid entries Comment
) UTP unshielded twisted pair cable without a sheath
construction
JUTP Jacketed unshielded twisted pair cable with a sheath
delimiter -
impedance 100, 120, ... nominal value of the differential RF cable impedance
delimiter -
reference # 1,2,3, .. up to 3-digit reference number to identify similar cable types
. lower case version designator to differentiate between similar eon-
version a .
structions
delimiter white space delimiter
# of cores 2X 2x for pair
CSA of corps 0,13 cross sectional area of cores [mm?]
EXAMPLE [  JUTP-100 -11a 2x0,13.
4.7 Representative cable elements testing
When a test is required, all combinations of different cable.elements shall meet the appropripte
requiremgnts. However, if testing of representative cable elements is permitted, compliance for cables
with different dimensions, but with the same insulation and sheath compound, may be demonstrated by
testing samples of the cable with the thinnest sheath wallthickness only. For all other cables a reduged
test procedure is acceptable. The remaining mandatory-tests for initial certification shall be perfornjed
following [lables 4 to 7.
4.8 Reference and requirements for the-tests
All tests afe defined in ISO 19642-2. This do¢ument only contains requirements and specific remarks.
4.9 General remark on requirements
Requiremgnts for preferred unScreened single pair RF cable types are specified in Table 9 and Table[10.
The requifements for other dnscreened single pair RF cable types shall be as agreed between custorer
and suppljer.
5 Requiremeiits for the cable’s dielectric cores
5.1 General

The cable’s dielectric cores shall be tested according to ISO 19642-2 at the cable temperature class
rating. Tests on the dielectric cable cores in JUTP cables shall be performed according to Table 4.

For any UTP cable the cores shall meet all requirements of ISO 19642-3, dimensions may be different
but shall be identified in the test report.

NOTE

For preferred cable types refer to Table 9 and Table 10.

5.2 Dimensional tests

5.2.1 Cable outside diameter

The dielectric core outside diameter shall meet the required tolerances in Table 9 and Table 10.

4
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5.2.2 Insulation thickness

The insulation thickness shall be checked and documented against the supplier datasheet.

5.2.3 Conductor diameter

No single value shall be outside the required tolerances in Table 9 and Table 10.

5.2.4 Cross sectional area (CSA)

Nofsinglte vatue sitatt be outside the TequiTed tolerances 1T Tabte 9 and Tabie 10-

5.2.5 In-process cable outside diameter

In
required tolerances in Table 9 and Table 10.

5.3 Electrical tests

5.3.1 Conductor resistance

N

=)

refer to the design guidelines in ISO 19642-1:—, A.5.

5.3.2 Determination of temperature coefficients

Tegt is not required.
5.3.3 Withstand voltage

5.3.3.1 Testvoltage

After applying the test voltage.of\1 kV a.c. for 30 min, no ramp up of the voltage is required.

5.3.3.2 Requirement

Br¢akdown shall not'gecur.
5.3.4 Withstand voltage after environmental testing

5.3.4.1 _“Test voltage

The test voltage is 1 kV a.c., hold for 1 min.

process cable outside diameter monitoring is mandatory. No single value shall be o

single value shall be outside the required tolerances in Table®9'and Table 10. The conductor
in Table 9 and Table 10 includes the twisting loss. For detezmination of maximum conductor

itside the

resistance
Fesistance

5.3.4.2 Requirement

Breakdown shall not occur.

5.3.5 Insulation faults

All cores shall be subjected to the inline insulation faults test during the extrusion process.

5.3.5.1 Testvoltage

The test voltage is 1 kV a.c.

© IS0 2023 - All rights reserved
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5.3.5.2 Requirement

Breakdown shall not occur.

5.3.6 Insulation volume resistivity

The value shall be = 1 x 109 Q-x mm.

5.4 Mechanical tests

54.1 STip force

The meastyired force shall be within the values as agreed between customer and supplier.

5.4.2 Abrasion

Test is nofrequired.

5.4.3 Breaking force of the finished cable

Test is nofrequired.

5.4.4 Cyclic bending

Test is nofj required.

5.4.5 Flexibility

Test is nofjrequired.
5.5 Enviironmental tests

5.5.1 Te¢st specimen preparation and winding tests

Test is nof{ required.

5.5.2 Logng term heat ageing;”3 000 h, at temperature class rating

Test is nofrequired.

5.5.3 Short termi heat ageing, 240 h at temperature class rating +25 K

Test is nofrequired.

5.5.4 Thermal overload, 6 h at temperature class rating + 50 K

Test is not required.

5.5.5 Pressure test at high temperature

If no conductor is visible, perform a withstand voltage after environmental testing as given in 5.3.4.
During 5.3.3.2 a withstand voltage after environmental testing breakdown shall not occur.

5.5.6 Shrinkage by heat

The maximum shrinkage shall not exceed 2 mm from either end.

6 © IS0 2023 - All rights reserved
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5.5.7 Low temperature winding

After winding, no conductor shall be visible. During 5.3.3.2 a withstand voltage after environmental
testing breakdown shall not occur.

5.5.8 Cold impact

Test is not required.

5.5.9 Temperature and humidity cycling

Tes

5.5
Tes

5.5
Tes

5.5
Tes

5.5

Tes

5.5

Ted

5.5
Tes

6

6.1

Th
be

tis not required.

.10 Resistance to hot water

tis not required.

.11 Resistance to liquid chemicals

tis not required.

.12 Durability of cable marking

tis not required.

.13 Stress cracking resistance

tis not required.

.14 Resistance to ozone

tis not required.

.15 Resistance to flame propagation

tis not required.

Requirements for the finished UTP or JUTP cables

General

b cables-shall be tested per ISO 19642-2 according to their temperature class rating. UTP c
subtnitted to the tests as specified in Table 5. JUTP cables shall be submitted to the tests a

mn

Table 6. Tests according to Table 5 are not required for JUTP cables.

hbles shall
s specified

6.2 Dimensional tests

6.2.1 Cable outside diameter for JUTP cables

Me

No

asure the following parameters if applicable:
outside diameter of twisted cores;
outside diameter of sheath.

single value shall be greater than the maximum value in Table 10.

© IS0 2023 - All rights reserved
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6.2.2 Ovality of sheath for JUTP cables
Ovality shall be < 10 %.

NOTE Sheath ovality can be different after handling due to mechanical deformation.

6.2.3 Thickness of sheath for JUTP cables

No single value shall be less than the minimum value in Table 10.

6.2.4 Iprprocesscableoutsidedianmreter for jdTPcabtes

In-procesg cable outside diameter monitoring is mandatory.

No single yalue shall be greater than the maximum value in Table 10.

6.2.5 Lgylength

The lay lepgth shall be checked and documented against the supplier datasheet.
6.3 Elegtrical tests

6.3.1 Electrical continuity

The indicqtor shall show continuity.

6.3.2 Wjithstand voltage at final inspection

Breakdown shall not occur between core(s) when -applying a test voltage of 1 kV a.c. or d.c. to|be
measured|at the end of the test specimen for a minimum of 3 s.

6.3.3 Sdreening effectiveness

Test is nof| possible.

6.3.4 Sheath fault on screened-—cables

Test is nof| possible.

6.3.5 General information on electrical test setups of unscreened balanced cables

Perform the low and\high frequency tests using the test setups defined in 8.2.

6.3.5.1 est.set ups for unscreened balanced cables

For long time ageing no special test setup is defined. RF parameters are measured at the start and atter
the end of the ageing only. RF tests where a ground reference is needed shall use test setup 3 or 4.

6.3.6 General information on low frequency electrical tests

Information is not provided in this edition.

6.3.7 Resistance unbalance

Test is not possible.

8 © IS0 2023 - All rights reserved
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6.3.8 Capacitance

6.3.8.1 General information

Information is not provided in this edition.

6.3.8.2 Samples

Information is not provided in this edition.

:2023(E)

6.3
If 3
Th

6.3
Tes

6.3

Sul
Teg
eny
thy

.8.3 Mutual capacitance

pplicable, no single value shall fall outside the tolerances specified in Table 9 and Tabte 10

.9 Inductance

tis not required.

.10 General information on radio frequency (RF) electrical-tests

bmit a new cable, which was not subjected to any prior envitonmental stress, to the RF tests
t the cable again after applied stresses according to_thé requirements in Table 8 and s
Fironmental test descriptions. The measurements shall*be performed at room temperatuj
ee samples shall be measured for this test.

If not otherwise defined the test shall be perfornied with a start frequency of 10 MHz 4

fre

6.3

6.3
Pel

6.3

If 4
for

6.3
Tes

quency of 120 % of the analogue bandwidthcdéfined for the cable types in Table 9 and Tab

s property is also used for the calculation of the characteristic impedance according to 6.3.12

in Table 7.
ibsequent
e. At least

nd a stop
e 10.

.11 Velocity of propagation

.11.1 General
form the tests for unbalanéed cables following ISO 19642-2:—3), 6.3.11.1.2.

.11.2 Phase velocityy; (f) of propagation

pplicable, no single-value shall fall outside the tolerances specified in 8.2. This property is
the calculation of the characteristic impedance according to 6.3.12.

.11.3 Group velocity v, (f) of propagation

tisthot required.

also used

6.3.11.4 Intra-pair skew for symmetrical data transmission

Test is not required.

6.3.11.5 In-pair skew for symmetrical data transmission

Test is not required.

6.3.11.6 Propagation delay

If applicable, no single value shall fall outside the tolerances specified in 8.2.

3)

Second edition under preparation. Stage at the time of publication: ISO/PRF 19642-2:2023.
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6.3.12 Characteristic impedance in frequency domain (CIF)

6.3.12.1 Unbalanced cables (CICMF)

Test is not possible.

6.3.12.2 Balanced cables (CIDMF)

This test gives an overview of the impedance of the cable depicted over the applied frequency but no
information on the impedance at different lengths from the input into the cable. This is the preferred

method. Ilapplicable, no single value shall fall outside the tolerances specified in 8.2.

6.3.13 C

6.3.13.1

Test is not

6.3.13.2

This test

no inform
window s
and on thd

6.3.14 In

6.3.14.1

Test is not

6.3.14.2

If applicah
6.3.15 Rq

6.3.15.1

Test is not

6.3.15.2

aracteristic impedance in time domain (CIT)

[Unbalanced cables (CICMT)

possible.

Balanced cables (CIDMT)

htion on the influence of different frequencies. If applicable;fio single value in the evaluat

cable after stresses must not be greater than the related tolerances in Table 9 and Table 1|

nall fall outside the tolerances specified in 8.2. The difference of the results on the new calble

rives an overview of the impedance of the cable depicted over the length of the sample put

on

0.

sertion loss, IL

Unbalanced cables

possible.

Balanced cables

le, no single value shall falleuitside the tolerances specified in 8.2.
sturn loss, RL

Unbalanced cables

possible.

Balanced cables

If applicah

le;mo single value shall fall outside the tolerances specified in 8.2.

6.3.16 Unbalance attenuations

If applicable, no single value shall fall outside the tolerances specified in 8.2.

6.4 Mechanical tests

6.4.1 Strip force of sheath

The undisturbed section of the sheath shall be able to be removed from the interior cores. The
requirement for this test shall be established by agreement between customer and supplier.

10
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6.4.2 Cyclic bending

The requirement for this test shall be established by agreement between customer and supplier.

6.4.3 Flexibility

The requirement for this test shall be established by agreement between customer and supplier.

6.4.4 Cyclic bending test for RF cables
Th

6.4.5 Dynamic bending tests for RF cables

Tegt is not required.

6.4.6 Test for assessment of minimum bending radius

Tegt is not required.

6.4.7 Strip force of screen

Tegt is not possible.

6.4.8 Abrasion test of sheath

This testis only possible for JUTP cables. The requirérment for this test shall be established by agreement
between customer and supplier.

6.3 Environmental tests

6.3.1 Testspecimen preparation‘and winding tests

IS 19642-2:—, 6.5.1 describes, the mandrel sizes used for preparation of specimens ir different
sulbsequent environmental tests. It also describes the winding tests used to detect defects |caused by
enyironmental stresses.

6.3.2 Longterm heat ageing, 3 000 h at temperature class rating

6.4.2.1 Ageingof test specimens
Pre¢pare 3.test specimens of 600 mm length. Further referenced as “600 mm test specimens”.

Pr¢pdre 3 test specimens of 10 m length. Further referenced as “10 m test specimens”.

Place all test specimens in the oven for 3 000 h at temperature class rating.

6.5.2.2 Winding test

After the winding test according to 6.5.1 the 600 mm test specimens shall show no signs of cracks. If no
cracks are observed perform the procedure given in 6.3.2. Breakdown shall not occur.

6.5.2.3 Additional RF tests as specified in 8.2
— Take initial measurement at RT.

— After the 3 000 h heat ageing and measurement, ramp down to RT and condition for a minimum of
4 hours, then take measurement.

©1S0 2023 - All rights reserved 11
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6.5.3 Short term heat ageing, 240 h at temperature class rating + 25 °C

After the winding test according to 6.5.1 the test specimen shall show no signs of cracks. If no cracks
are observed perform the procedure given in 6.3.2. Breakdown shall not occur.

6.5.4 Thermal overload, 6 h at temperature class rating + 50 °C

Test is not required.

6.5.5 Pressure test at high temperature

The thickpess within the area of the indentation shall not be less than 40 % of the mean of the other
two values.

6.5.6 Shrinkage by heat of sheath

The requifement for this test shall be established by agreement between customer.-and supplier.

6.5.7 Lg¢w temperature winding

The test specimen shall show no signs of cracks. During the withstand voltage at final inspection giyen
in 6.3.2 brfeakdown shall not occur.

6.5.8 C(C¢ld impact

Perform the test with a mass of the hammer according to Table 3. The test specimen shall show no signs
of cracks. During the withstand voltage at final inspection:given in 6.3.2 breakdown shall not occur.

Table 3 — Cold impact

Cable otll;)s’i([i;r(rilﬁameter Mass of the hammer, [g]
D<2,5 100
2,5<D<4,5 150
D=>=4,5 200

6.5.9 T¢mperature and huinidity cycling

The test specimen shall show no signs of cracks.

6.5.10 Resistanceto liquid chemicals

The test gpecifien shall show no signs of cracks. Other requirements shall be as agreed betwg¢en
customer pnd supplier.

6.5.11 Durability of sheath marking

The requirement for this test shall be established by agreement between customer and supplier.

6.5.12 Resistance to ozone

The requirement for this test shall be established by agreement between customer and supplier.

6.5.12.1 Requirement

The visual examination of the sheath shall show no cracks.

12 © IS0 2023 - All rights reserved
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6.5.13 Artificial weathering

The need to perform this test shall be established by agreement between customer and supplier.

6.5.13.1 Requirement

After exposure to the artificial weathering, the elongation of the conditioned test specimen shall not be
less than 50 % of the unconditioned specimen measured value.

6.5.14 Resistance to flame propagation

Anl,r combustion flame of insulating or sheath material shall extinguish within 70 s from’the end of
igrlition and a minimum of 50 mm of insulation and sheath at the top of the test specinten’shpll remain
unpurnt. All five specimens shall pass the test.

7 | Test overview tables

7.1 Test table for single cores

Tegts shall be performed on cores taken from cable production after the core extrusion process, but
before the subsequent production processes (twisting of cores,sheath extrusion, etc.).

For any UTP cable the cores shall meet all requirements of ISO 19642-3, dimensions may b¢ different
buf shall be identified in the test report.

Table 4 — Tests om JUTP cable cores

Mandatory If required¢
Test description In Initial o Initial oo
brocessa certifica- | Periodic® | ... . | Periodic
tion
5.2.1 Cable outside diameter - X X - -
5.2.2 Insulation thickness - X X - -
5.2.3 Conductor diameter - - - X X
5.2.4 Cross sectional area(CSA) - - - X X
5.2.5 In-process cable putside diame- X B B _ B
ter
5.3.1 Conductof resistance - X X - -
5.3.3  Withstahd voltaged - X X - -
5.3.5 Insulation faults X - - - -
5.3.6 . Insulation volume resistivityd - - - X X
5.4.1~ Strip force - - - X X
5.5.5  Pressure test at high tempera- B X X _ B
ture
5.5.6  Shrinkage by heat - X X - -
Key
X  testshall be performed according to ISO 19642-2
— testisnotrequired
3 Atestmade on the entire cable lot during or after manufacture.
b The frequency of periodic testing shall be established by agreement between customer and supplier.
¢ The usage of "If required” tests shall be established by agreement between customer and supplier.
d  TItisto be completed on pre-manufactured cores of the same production lot.

©1S0 2023 - All rights reserved 13
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7.2 Test tables for finished cables

Table 5 — Tests on UTP finished cables

Mandatory If required¢
Test description Initial Lo Initial o
In process? PeriodicP PeriodicP
certification certification

5.2.1 Cable outside diameter - X X - -

6.2.5  Laylengthd X

6.3.1 Electrical continuity X - - - =

6.3.2  Withstand voltage at final X _ _ _ )
inspection

6.4.2 Clclic bending - - - X -

6.4.3 Flexibility - - - X -

6.44  Clyclic bending test for RF - - : % B
cpbles

6.5.2  Lpngterm heatageing, 3000 h B X B B _
af temperature class rating®

6.5.3  Shortterm heat ageing, 240 h
af temperature class rating + - X X - -
2p °C

6.5.7 Lpw temperature winding - X X - -

6.5.9 Temperature and humidity B B : X B
cyclinge

6.5.14 Rlesistance to flame propaga- B ¥ X B B
tion

Key

X  testshgll be performed according to ISO 19642-2

- testispotrequired

a2 Atestrhade on entire cable length duringor after manufacture.

b The frgquency of periodic testing shall’bg-established by agreement between customer and supplier.

¢ The ushge of "If required” tests shallbe established by agreement between customer and supplier.

d Itis to be documented in supplier-data sheet and the test report.

¢ Complipnce of a cable familyniade of the same insulation compound may be demonstrated by testing the sample of the

cable family with the smallesSt insulation wall thickness only.

14
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Mandatory If required ¢
. Initial Initial
Test description L. Lo
In process?| certifica- | Periodic? | certifica- | PeriodicP
tion tion
6.2.1 Cable outside diameter - X X - -
6.2.2 Ovality of sheath - - - X X
6.2.3 Thickness of sheath - X X - -
6.2.4 In-process cable outside diame- X _ B B B
ter for JUTP cables
6.2.5 Laylengthd X
6.3.1 Electrical continuity - X X < -
6.3.2 Wlths_tand voltage at final in- X X X B B
spection
6.4.1 Strip force of sheath - - - X X
6.4.2 Cyclic bending - - X X -
6.4.3 Flexibility - - - X -
6.4.4 Cyclic bending test for RF cables - - - X -
6.4.8 Abrasion test of sheath - - - X -
6.5.2 Long term heat ageing, 3 000 h 3 X B B B
at temperature class rating®
6.3.3 Short term heat ageing, 240 h at : X X B B
temperature class rating + 25 °C
6.3.5 Pressure test at high tempera-
N X X _ _
ture
6.5.6 Shrinkage by heat of sheath - X X - -
6.9.7 Low temperature winding - X X - -
6.5.8 Cold impact - - - X X
6.59 Temperature and humidity _ B B B
cycling®
6.9.10 Resistance to liquid.chemicals® - X - - -
6.9.11  Durability of sheath marking® - - - X X
6.9.12 Resistanceteyozone® - - - X -
6.3.13  Artificial weathering® - - - X -
6.3.14 Resistance to flame propagation - X X - -
Kely
X | testshall be performed according to ISO 19642-2
— Ltestisnotreqguired

)

C

d

e

A test made on entire cable length during or after manufacture.

The frequency of periodic testing shall be established by agreement between customer and supplier.

The usage of "If required” tests shall be established by agreement between customer and supplier.

Itis to be documented in supplier data sheet and the test report.

Compliance of a cable family made of the same insulation and sheath compound may be demonstrated by testing the

sample of the cable family with the smallest sheath wall thickness only.

© IS0 2023 - All rights reserved
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Table 7 — RF tests

a Itismj
b Jtism

ndatory for documentation in supplier data sheet and test report.

ndatory if specified in 8.1 or 8.2.

Mandatory If required¢
Test description Final Initial Initial
inspection L Periodicg L Periodicg
testd-h |certification certification
6.3.8.3 Mutual capacitance b a - - -
6.3.11.2 Phase velocity v,(f) of propa- b a B B B
gation
6.3.11.6 Propagation delay — b _ b b
6.3.12.2 (Characteristic impedance in b b B B -
frequency domain (CIDMF)
6.3.13.2 Characteristic impedance in B b 3 B B
fime domain (CIDMT)e f
6.3.14  Insertion loss, IL b b - - -
6.3.15  Returnloss, RL b b - N -
6.3.16  Unbalance attenuations - b b - -
Key
- testispotrequired

¢ The uspge of "If required” tests shall be established by agreement between'customer and supplier.
d  For fingl inspection tests, use the limit values according 8.2.
e Itisto pe followed in related tests.
f For inf¢rmation only.
g  The frgquency of periodic testing shall be established by agreement between customer and supplier.
h Perforined on a sample with a length of 10 m from each’batch/lot.
Table 8 — RF tests-to be performed after stress tests
RF test to|be performed, according to-key LCL |LCTL| VP2 | PD2 |CIDMF |CIDMT| IL RL
6.4.4 Cyclif bending test for RF cables X X - - - X - .
%Cll.gsnsg;etli‘rr:;heat ageing, 3 00Qh at tempera- _ B X X X _ X A
Key Test description according to
LCL Longitudinal conversion loss 6.3.16
LGTL Longitudinal conversion transmission loss 6.3.16
VP Phase velocity, v, (f), of propagation 6.3.11.2
PD Propagation delay 6.3.11.6
CIDMF ggilr:icnteristic impedance differential mode frequency 6.3.12.2
CIDMT Sn};;acteristic impedance differential mode time do- 6.3.13.2
IL Insertion loss 6.3.14
RL Return loss 6.3.15

a Either VP or PD has to be performed, in case of dispute VP is the referee method.

16
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8 Cable types

8.1 Cable parameters

Table 9 — Parameters of preferred UTP cable types

Cable designator UTP-100- | UTP-120- | UTP-120-
g 1a 2x0,35 | 2a2x0,13 | 3a 2x0,35

Characteristic Q 100 120 120

. 66 100 100
Analogue bandwidth MHz 100 20 20

. 100BASE-T1| CANFD CAN FD
Applicable for standard FlexRay CAN CAN
Temperature class o 100
rating ¢ 125 125 y2o
ISO conductor size mm? 0,35 0,13 0,35
Material a a a
Number of strands 7 7 7
(l;/izﬁlmum strand diam- mm 0,26 0,16 0,26
(l\j/[izﬁr;};;n conductor mm 09 0,5 0,9
Maximum conductor | no/m | c¥85,5 175 55,5
Dielectric material a a a
Maximum dielectric core o 13 105 16
outside diameter ’ ’ ’
Lay length of twisted a a a
mm

cores
Max1mum mutual capac- pF/m a a a
itance
a  Jtis tobedocumented in supplier data sheet.

© IS0 2023 - All rights reserved
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8.2 Application requirements

The following requirements shall be met for the untested cable at RT.

Using cables of the same production run measure RF parameters at temperature class rating according
to Table 7 and after performing the tests according to Table 8. Document the percentage of the changes
in relation to the values at room temperature in the test report.

8.2.1 CAN

o datailad alactrioo l vroquiivaraantc for CAN axra dafinad 1 Tobla 11
The-detailed-electrical reguirementsfor CAN are defined-inTfable 11
Measurement frequency range 300 kHz to 20 MHz.

Table 11 — Electrical requirements for CAN

Mutual capacitance pF/m max, 100
Characteristic impedance (CIDMF) Q 90 - 140
Velocity of propagation, % of velocity of light % min. 55
8.2.2 CANFD
The detailed electrical requirements for CAN FD are defineddn)Table 12.
Measurement frequency range 1 MHz to 100 MHz.
Table 12 — Electrical r€quirements for CAN FD
Mutual capacitance pE/m max. 60
Chlaracteristic impedance (CIDMF) Q 110 - 140
min. 0,061 MHz < f <4 MHz
Ingertion loss, IL dB/m IL(f)<
0,214 MHz < f <50[MHz
min. TCL(f), (25 1MHz < f<p0 MHz
Unbalance attenuations TCL, TCTL dB >
TCTL(f) (15 50 MHz < f <[L00 MHz
Velocity of propagation, % ofwelocity of light % min. 55
8.4.3 FlexRay
The detailed eléctiical requirements for FlexRay are defined in Table 13.

asurement frequency range 1 MHz to 100 MHz.

Table 13 — Electrical requirements for FlexRay

Mutual capacitance pF/m | max. 65
Characteristic impedance (CIDMF) | Q 80-110

17 1 MHz < f <50 MHz
Return loss, RL dB | min. |[RL(f)2

17-23,25-logq (5—{)) 50 MHz < <100 MHz

Insertion loss, IL dB/m | max. =0,005 88- f +0,029 9.\/7—0_034 2/\/?

%

Velocity of propagation,

0 .
of velocity of light % min. 50

© IS0 2023 - All rights reserved
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8.2.3.1 Returnloss

For a graphic representation of return loss limit please refer to Figure 1.

Y
8

10

12

14

Key
X f[MH
Y RL[dB

8.2.3.2

—

Insertion loss

16

18

10

100 X

Figure 1 — FlexRay, return loss limit

For a table of selected frequency points see Table 14. For a.graphic representation please refer] to

Figure 2.

Table 14 — Flexray, insértion loss limit

fin [MHz] IL in [dB/m] at 20 °C
5 0,081
10 0,14
15 0,20
20 0,24
25 0,29
30 0,33
35 0,38
40 0,42
45 0,46
50 0,50

20
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0,6

0,5
0,4 //
0,3 /

0,2 //
0,1 _
0
0 20 40 X
Key
X | f [MHz]
Y | IL[dB/m]

Figure 2 — FlexRay, insertion loss limit

8.2.4 100BASE-T1 Ethernet
The detailed application specific electrical requirements bélow must be fulfilled by the cable

The detailed electrical requirements for the whole TOOBASE-T1 Ethernet channel are depcribed in
IS() 21111-8 and are not part of the cable test.

Alllmeasurements against the limits in Table 15 shall be performed on a cable at room temperature.
Additionally, tests are performed at -40 °C and the temperature class rating. They are performed on
tegt setup 3 or 4. Document the percentage/of the changes in relation to the values at room tenperature
in the test report.

Perform the additional tests after 3 000 h test according to 6.5.2.3.

A

—

llfrequency dependent RF Data‘shall be documented following the diagram figures in 8.2.4|2.

Table 15 — RF parameters 100BASE-T1 Ethernet

RH parameters Unit Toler- Requirement
ance
Chlaracteristicimpedance
(CIDMF or CIDMT) 0 +10 100
20 1 MHz < f <20 MHz
Refturmloss, RL dB min. RL(f)=

20 MHz < f <66 MHz

20-10 ~10g10 (L
L \20

N——

IL10m(f)<%(0,018 1-f+0,688.\/7+0;}791J

Insertion loss, IL P dB/m max.
1L15m(f)<i 0,018 1- f+0,688-/f + 2121
15 I
for 1 MHz < f <66 MHz

@ Due to the reciprocity of the system LCL (S4.;1) and TCL (S_411) give almost identical results, the same holds true for
LCTL (S4¢21) and TCTL (S.421)- For validation purposes only LCL and LCTL measurement shall be performed.

b Limit values fulfil the requirements of ISO 21111-8. By use of these formulae smooth curves are obtained between the
reference points too.
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Table 15 (continued)

RF parameters Unit Toler- Requirement
ance
LCL (Sgqe11) 2 LCL(f) 46 1 MHz < f <50 MHz
dB min. > f
LCTL (Sqez1) @ LCTL(f) |46-20-log;q (%] 50 MHz < f <200 MHz

b Limit vettesfo
reference ppints too.

3 Due to the reciprocity of the system LCL (S4.;1) and TCL (S_411) give almost identical results, the same holds true for
LCTL (Sy¢21) and TCTL (S.4,1). For validation purposes only LCL and LCTL measurement shall be performed.

ihe

8.2.4.1 [lestsetup

Alllow anfl high frequency tests are performed on 10 m samples using test set up 3 accending to 6.3.5.1.

Use TDR ajnd VNA settings in accordance with to ISO 21111-8:2022, 6.1.1, 6.1.2 and6.1.3.

8.2.4.2 [lests

8.2.4.2.1 | Characteristic impedance

The charafteristic impedance in differential mode is alternativelytieasured as:

— CIDMF in frequency domain is measured in according to 6:3-12.2, or

— CIDMT in time domain is measured according to 6.3:13.2 in the evaluation window according to

Figurg 3. If not otherwise defined, use a TDR with aTise-time set to a maximum value of 700 ps.

22
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Figure 3 — Evaluation window for CIDMT

8.2.4.2.2 Return loss

The return loss RL is measured according to 6.3.15.2. For a graphic representation pleade refer to
Figure 4.

Y
13

15 .

ot
o P

/
21
23
1 10 100 X
Key
X  f[MHz]
Y RLI[dB]

Figure 4 — 100BASE-T1 Ethernet, return loss limit

8.2.4.2.3 Insertion loss

The insertion loss IL is measured according to 6.3.14. For a table of selected frequency points see
Table 16. For a graphic representation please refer to Figure 5.
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Table 16 — 100BASE-T1 Ethernet, insertion loss limits

Mazx. cable length, in [m]
f f 10 m 15m
requency,
q Y cable cable
in [MHz] IL at 20 °C, [dB/m]
1 0,09 0,06
10 0,24 0,16
20 0,35 0,23
33 0,46 0,31
40 0,51 0,34
50 0,58 0,39
66 0,68 0,45
Y
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1] / _ - - :—'. W,
0,3 // ’7,—"\ r-::_—
02 o _2-. N
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/ - "
0,1 422 .
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Key
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1 10 m dable
2  15m dable
Figure 5 — 100BASE-T1 Ethernet, insertion loss limits
8.2.4.2.4 | Unbalance attenuations
The unbglance"® attenuations LCL and LCTL are measured according to 6.3.16. For a grap'hic
representation please refer to Figure 6.
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