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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ 0o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG, Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-govermmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the\lnternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical .Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeési'and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.
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IEC 61156-1 has been prepared by subcommittee 46C: Wires and symmetric cables, of IEC
technical committee 46: Cables, wires, waveguides, RF connectors, RF and microwave passive
components and accessories. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2007 and Amendment 1
published in 2009. This edition constitutes a technical revision.

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

a) modification of the scope in Clause 1 and updating of normative references documents in

C

e) d

The fext of this International Standard is based on the followihg"documents:

Full i
the 4

The |

This
acco
at w
desc

A lis
symn

The
stabi
spec

iftroduction of balunless measurement method in 6.3.1, modification of equip

lause 2;
Hdition of PoE-related definitions in Clause 3;

arification of differential-mode and common-mode resistors, correction of formulae
ddition of IEC 62153-4-9 test method for coupling attenuation in Clause 6;

quirements of unbalance attenuation in 6.3.5 and updating of balun’s performan
pble 1;

eletion of ‘three layers of cables on a drum’ method in alien (exegenous) near-end cros
easurement in 6.3.8 and addition of terminated input impedance in 6.3.11.4.

Draft Repoft on voting
46C/1242/FDIS 46C/1249/RVD

bove table.
anguage used for the development of this International Standard is English and Fren

document was drafted in aceordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/standardsdev/publications.

of all parts_in_the IEC 61156 series, published under the general title Multicorg

ity, date indicated on the IEC website under webstore.iec.ch in the data related t
ficddocument. At this date, the document will be

netrical pairlquad cables for digital communications, can be found on the IEC websit¢.

and

ment
ce in

stalk

hformation on the voting for its approval ¢an be found in the report on voting indicated in

ch.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable

are

and

tommittee” has decided that the contents of this document will remain unchanged untjil the

b the

e reconfirmed,

° w

ithdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

1 Scope

This
netwy
meth

This
data
custd
work

The

normfally encountered in communication systems. While thege’ Cables are not intended

used
publi
pows

to
ISO/

2 Normative references

The following documents are referredyto in the text in such a way that some or all of their co

cons
For
amer

IEC 60028, Internatiomalstandard of resistance for copper

ISO/‘}EC/IEEE 8802-3. More information on the capa<€jty“to support these applications acco

part of IEC 61156 is applicable to-communication systems such as ISDN, local]

pds of multicore, symmetrical pair and quad cables.

Hocument is applicable to communication systems such as local area networks (LANs
communication cables. It is also applicable to cables used for industrial applicat
mer premises wiring and generic cabling comprising installation @gbles and cablg
area wiring which are defined in ISO/IEC 11801 (all parts).

cables covered by this document are intended to operate, with voltages and cur|

in conjunction with low impedance sources, for examiple the electric power suppli
C utility mains, they are intended to be used to supportthe delivery of low voltage re
ring applications including but not restricted te~\Rower over Ethernet as specifi

e installation practices are given In\\IEC 61156-1-4, |EC TR 61156-1-6
EC TS 29125.

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the.latest edition of the referenced document (including
dments) applies.

area

briks-and-data-communication-systems-and specifies the definitions, requirements.and test

and
ions,
s for

rents
o be
es of
mote
pd in
rding
and

ntent
blies.
any

IEC 60189-1:49862018, Low-frequency cables and wires with PVC insulation and PVC sheath
— Part 1: General test and measuring methods™

IEC 60304, Standard colours for insulation for low-frequency cables and wires
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IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
mixed flame

IEC 60332-2-2, Tests on electric and optical fibre cables under fire conditions — Part 2-2: Test
for vertical flame propagation for a single small insulated wire or cable — Procedure for diffusion

flame

C $0332-3-10, Te on-electric caples unde c—conaHion =l e 2 «“
aH SPpeqaa—-o e Ga Fro-tHAtea—ou-HAGAeqa eSO CaoHES Apparatys Q}/
IEC 60332-3-24, Tests on electric and optical fibre cables under fire conditi Part B-24:

Test

IEC ¢
Test

for vertical flame spread of vertically-mounted bunched wires or cableq/ Category

0332-3-25, Tests on electric and optical fibre cables under fire d/t/ons — Part
for vertical flame spread of vertically-mounted bunched wires o&'ba les — Category [

IEC 60708, Low-frequency cables with polyolefin insulation mo:sture barrier poly

shea

IEC §0754-2, Test on gases evolved during combustio
Lolf

termination-of-the dearee of acidity of
OO+t aGHeH O

2:-Dg

fh A\
S\
{1) f—e#eet.qe materials from cables

2c0¢ awah durina the combustion - of-mat
adSES

3-25:

blefin

Part

rialc

takes
meas

Tt

Fa'l
=2 :vvu GO T GO o oot O O iaty

termination of acidity (H

cabld

IEC ¢
cable

R\
0794-1-21:2015, Optical fibre(dables — Part 1-21: Generic specification — Basic o

test procedures — Mechanc*izta test methods

oo

y pH

btical

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

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

IEC

08 33 —Electris &S althads o 2 c erials —
Part P03: General tests — Measurement of overall dimensions Q

IEC $0811-401, Electric and optical fibre cables — Test methods for non-metallicsmaterials —
Part #01: Miscellaneous tests — Thermal ageing methods — Ageing in an air o

IEC $0811-501, Electric and optical fibre cables — Test methods for n tall/c materials —
Part p01: Mechanical tests — Tests for determining the mechanical progé/es of insulating and
shealthing compounds

IEC 60811-502, Electric and optical fibre cables — Test met&;@)for non-metallic materials
Part p02: Mechanical tests — Shrinkage test for insulations ‘\\

IEC 60811-504, Electric and optical fibre cables — Tﬁmethods for non-metallic materials —
Part p04: Mechanical tests — Bending tests at low te{z rature for insulation and sheaths

N
IEC 60811-506, Electric and optical fibre cableis\Q Test methods for non-metallic materials —
Part p06: Mechanical tests — Impact test at Lt@temperature for insulations and sheaths

IEC ¢0811-508, Electric and optical flbg\%ables — Test methods for non-metallic materials —
Part p08: Mechanical tests — Pressure&ést at high temperature for insulation and sheaths|

IEC 60811-509, Electric and o | fibre cables — Test methods for non-metallic materials —
Part b09: Mechanical tests C}"est for resistance of insulations and sheaths to cracking [heat
shock test) .

-

IEC $0811-510, Elegb and optical fibre cables — Test methods for non-metallic materifals —
Part b10: Mecha tests — Methods specific to polyethylene and polypropylene compdunds
— Wrhpping tes %br thermal ageing in air

IEC 61034«@ parts), Measurement of smoke density of cables burning under defined
condjti
AN

IEC TR 61156-1-22, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-2: Electrical transmission characteristics and test methods of symmetrical pair/quad
cables

IEC TR 61156-1-5, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-5: Correction procedures for the measurement results of return loss and input impedance

IEC 61196-1-105, Coaxial communication cables — Part 1-105: Electrical test methods — Test
for withstand voltage of cable dielectric

2 IEC TR 61156-1-2 is due to become a TS in 2023.
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IEC 62012-1:20042002, Multicore and symmetrical pair/quad cables for digital communications
to be used in harsh environments — Part 1: Generic specification

IEC 62153-4-3:2013, Metallic communication cables test methods — Part 4-3: Electromagnetic
compatibility (EMC) — Surface transfer impedance — Triaxial method

IEC 53-4-5—Metalli [cati bles—tes ethods = 5: ectromagnetic
compatibility (EMC) —Ceupling—er-sereening Screening or coupling attenuation — Absofbing
clamp method

IEC $2153-4-9, Metallic communication cable test methods — Part 4-9: Eléctromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, tridxial method

IEC 62255 (all parts), Multicore and symmetrical pair/quad cables -for broadband digital
communications (high bit rate digital access telecommunication networks) — Outside |plant
cablgs

ISO/IEC TS 29125:2017, Information technology — Telecommnications cabling requirements
for rgmote powering of terminal equipment

3 Terms and definitions

For the purposes of this document, the following terms and definitions;—as-weH-as-those-gfiven
EE-60050-726; apply.

ISO Ind IEC maintain_terminology databases for use in standardization at the follqwing
sses:

o |EC Electropetia: available at https://www.electropedia.org/

e |30 Onlinebrowsing platform: available at https://www.iso.org/obp

pairs

or quads

Note 1 to entry: Resistance unbalance is expressed as a percentage (%).

3.2

mutual capacitance

electrical charge storage parameter of a pair of conductors (or with respect to the side of a
quad)

Note 1 to entry: Mutual capacitance is one of the four primary transmission line parameters: mutual capacitance,
mutual inductance, resistance and conductance.

Note 2 to entry: Mutual capacitance is expressed in pF/m..
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https://iecnorm.com/api/?name=a60ef4d7c97143afae8c7b78ba57a7e5

IEC 61156-1:2023 RLV © IEC 2023 -1 -

3.3

capacitance unbalance to earth

arithmetic difference of the capacitance to earth of the conductors of a pair or one side of a
quad

Note 1 to entry: Capacitance unbalance is expressed in pF/m.

3.4

screen

continuous conducting layer or assembly of conducting layers having the function of reducing
the penetration of an electric, magnetic or electromagnetic field into a given region

[SOURCE: IEC 60050-195:2021,195-02-37, modified — "continuous conducting layer OA
assenbly of conducting layers having the function of reducing " has replaced "devi tended

to redluce "]
NG
3.5 (1/

balun Ne

%/

devide to provide impedance transformation between balanced an@'}]balanced componepts

[SOYRCE:ISO/IEC 11801-4:2017, 3.1.2] \Q/

3.6 L
balupless Q
virtual balun used instead of the physical transf rs, achieved by mathematical algorithm,
and ¢alculated from lumped parameters or distrt&d parameter network

%
3.7 D\
trangfer impedance . ®$
VA K\

quotient of the longitudinal voltage ©f an electrically short uniform cable, induced in the puter
circul|t — formed by the screen U{RQe test and the measuring jig — and the current fed intp the
inner circuit — the cable unde t@s itself or vice versa, related to unit length

Note ] to entry: Transfer im@d.ance is expressed in mQ/m.

[SOURCE: IEC 621 9-3:2013, 3.3, modified — "of an electrically short uniform cable] has
been| added, "outer eircuit" has replaced “matched outer circuit", “the cable under test ifself"
has een adde lated to unit length" has replaced "(see Figure 1)".]

for a screened balanced cable, the sum of the effects of the unbalance attenuation a( of the
symmetric pair and the screening attenuation a4 of the screen of the cable under test

Note 1 to entry: For electrically long devices, i.e. above the cut-off frequency, the coupling attenuation o, is defined
as the logarithmic ratio of the feeding power P, and the periodic maximum values of the coupled power P max in the
outer circuit.

Note 2 to entry: Coupling attenuation is expressed in dB.

[SOURCE: IEC 62153-4-7:2021, 3.4, modified —“cable" has replaced “device", “sum of the
effects’™ has replaced “sum", Note 2 has been added.]
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3.9

current carrying capacity

maximum current a cable circuit (one or several conductors) can support resulting in a specified
increase of the surface temperature of the conductor beyond the ambient temperature, not
exceeding the maximum allowed operating temperature of the cable

3.10

velocity of propagation

{phase velocity)

speed at which a sinusoidal signal propagates on a pair in the cable

Note {1 to entry: Velocity of propagation is expressed in m/s.

3.11
{phage delay)}
delay
time duration between the instants that the wave front of a sinusoidal travelling'wave, defined
by a ppecified phase, passes two given points in a cable

Note {1 to entry: Phase delay is expressed in s/m.

3.12
differential phase delay

{deldy skew)

differflence in phase delay between any two pairs in the cable

Note {1 to entry: Differential phase delay (skew) is expressed ifis.

3.13
atterjuation
decrg¢ase in magnitude of power of a signal*that propagates along a pair of a cable

Note {1 to entry: Attenuation is expressed in dB/m.

3.14
ambient temperature
tempgrature of the room or space surrounding the cable

Note ] to entry: Ambient tefaperature is expressed in degree Celsius (°C).

3.15
operpting temperature
surface tempefature of the conductors of a cable

Note ] to ehtry: The operating temperature is the sum of the ambient temperature and of the temperature in¢rease
due tq thescarried power.

Note 2 to entry: Operating temperature is expressed in degree Celsius (°C).

3.16
unbalance attenuation

logarithmic ratio of the differential mode power to the common mode power in a balanced line,
or vice versa

Note 1 to entry: Unbalance attenuation is expressed in dB.

Note 2 to entry: Unbalance attenuation is also often referred to as conversion loss: TCL (transverse conversion
loss), TCTL (transverse conversion transfer loss), LCL (longitudinal conversion loss), LCTL (longitudinal conversion
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transfer loss), EL TCTL (equal level transverse conversion transfer loss) and EL LCTL (equal level longitudinal
conversion loss transfer loss).

3.17

transverse conversion loss

TCL

logarithmic ratio of the differential-mode circuit power at the near end and the common-mode
coupling power measured at the near end

3.18

equal level transverse conversion transfer loss
EL TCTL

outp\IAet-to-output measurement of the logarithmic ratio of the differential-mode circuit pow

the n

Note 1
inserti

3.19
near
NEX]
magf

pair measured at the near end

Note 1

3.20
far-e

FEXT

magf

pair measured at the far end

Note 1

3.21

power sum of crosstalk

PS
sumr

Note 1

Note 2

ar end and the common-mode coupling power measured at the far end

to entry: EL TCTL is calculated by the difference between the measured TCTL and thé djfferential
on loss of the disturbed pair.

end crosstalk
.
itude of the signal power coupling from a disturbing pair atthe near end to a dist

to entry: Near-end crosstalk is expressed in dB.

nd crosstalk

itude of the signal power coupling from a“disturbing pair at the near end to a distd

to entry: Far-end crosstalk is expressedsn-dB.

hation of the crosstalk power from all disturbing pairs into a disturbed pair

to entry: The sumpmation is applicable to near-end and far-end crosstalk.

to entry: The power sum of crosstalk is expressed in dB.

3.22
attenuation to crosstalk ratio, far-end
ACR-F

arithmetic difference between the far-end crosstalk and the attenuation of the disturbed pair

Note 1

3.23
alien

to entry: Attenuation to crosstalk ratio, far-end, is expressed in dB.

(exogenous) near-end crosstalk

ANEXT
near-end crosstalk where the disturbing and disturbed pairs are contained in different cables

er at

mode

rbed

rbed
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Note 1 to entry: Alien (exogenous) near-end crosstalk is expressed in dB.
3.24

alien (exogenous) far-end crosstalk

AFEXT

far-end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1

3.25
alien
AAC

to entry: Alien (exogenous) far-end crosstalk is expressed in dB.

(exogenous) far-end crosstalk
R-F

far-e

Note

3.26
pow
S
PS

sumr
distu

Note

Note

3.27

powe¢r sum of alien (exogenous) far-end crosstalk

PS A
sumr]
distu

Note

3.28

characteristic impedance

Zc
impe
Note

the pr
short-

Note 2

Note 3
wave

hd crosstalk where the disturbing and disturbed pairs are contained in different cablg

to entry: Alien (exogenous) far-end crosstalk is expressed in dB.

r sum of alien (exogenous) near-end crosstalk

NEXT
nation of the near-end alien (exogenous) crosstalk power from all disturbing pairs i
‘bed pair in different cables

to entry: The power sum of alien (exogenous) near-end crosstalk is expressed in dB.

ACR-F
hation of the alien (exogenous) far-end_@yosstalk power from all disturbing pairs i
bed pair in different cables

to entry: The power sum of far-end aligh.;(exogenous) crosstalk is expressed in dB.

dance at the input of a homogeneous line of infinite length

to entry: The impedance value is expressed in Q,-caleulated at relevant frequencies, as the square
bduct of the impedance measured at the near end (input) of a cable pair when the far end is terminate
an open circuitlload and then an-epen- short circuit load.

to entry:(_ The asymptotic value at high frequencies is denoted as Z_.

torentry: The characteristic impedance of a homogeneous cable pair is given by the quotient of a V|

[

nto a

hto a

oot of
H by-a

pltage

hnd'elrrent wave which are propagating in the same direction, either forwards or backwards.

Note 4 to entry:

range.

3.29
term
A

n

Real cables with distortions give curves with some roughness.

inated input impedance

For homogeneous ideal cables, this test method yields a flat smooth curve over the whole frequency

impedance value, expressed in Q, at relevant frequencies, measured at the near end (input)
when the far end is terminated with the system nominal impedance, Zg

(See IEC/TR 62152.)
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3.30

fitted characteristic impedance

Zm

impedance value, expressed in Q, calculated by applying a least squares function fitting
algorithm to the measured characteristic impedance values

3.31

mean characteristic impedance

Ze

asymptotic value at which the characteristic impedance approaches at sufficiently high
frequencies (=100 MHz) such that the imaginary part (phase angle) is insignificant

Note {1 to entry: Normally measured from the capacitance and time delay.

Note 3 to entry: Applicable for cables with frequency independence of mutual capacitance.

3.32
retunn loss
RL
ratio |of reflected power to input power at the input terminals of a cable pair

Note {1 to entry: Return loss is expressed in dB.

3.33
bundled cable
grouping or assembly of several individual cables that-are systematically laid up

Note {1 to entry: Bundled cables are also referred to as speed*wrap, whip, or loomed cables.

3.34
remdte powering
supp|y of power to application specific eglipment via balanced cabling

[SOURCE: ISO/IEC TS 29125:2017¢8.1.5]

3.35
safely extra-low voltage
SELY
AC vpltage the RMS yalue of which does not exceed 50 V or ripple-free DC voltage the yalue
of whlich does not exceed 120 V, between conductors, or between any conductor and reference
earth, in an electfic’ circuit which has galvanic separation from the supplying electric power
systgm by suckiheans as a separate-winding transformer

Note 1 to entry: Maximum voltage lower than 50 V AC or 120 V ripple-free DC may be specified in parficular
requireménts] especially when direct contact with live parts is allowed.

Note 210 enfry: The voltage Timit should not be exceeded at any Toad between fullToad and no-load when the source
is a safety isolating transformer.

Note 3 to entry: Ripple-free qualifies conventionally an RMS ripple voltage of not more than 10 % of the DC
component; the maximum peak value does not exceed 140 V for a nominal 120 V ripple-free DC system and 70 V for
a nominal 60 V ripple-free DC system.

3.36

continuous operating temperature

coT

maximum temperature which ensures the stability and integrity of the material for the expected
life of the equipment, or part, in its intended application

3.37
hygroscopic
characteristic of a material to absorb moisture from the atmosphere
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3.38
wicking
longitudinal flow of a liquid in a material due to capillary action

4

Installation considerations

2023

The cables shall be designed to meet the installation conditions encountered for each area as
follows.

a)

b)

c)

d)

NOTE| The related document is IEC 60364-7-716;

5

5.1

The ¢hoice of materials_and cable construction shall be suitable for the intended applic
nstallation of the cable.-Particularcare-shall-be-takento-meet Any special requirements
for EMC (electromagnetic compatibility), fire performance, or SELV should be considered

and i

5.2
5.2

The tahle construction shall be in accaordance with the details and dimensions givpn i

| General

Equipment cables

The cables are used between work stations and peripheral equipment (for example, pri
ork area cables

The cables are used between the work station and the communication outletst
orizontal floor wiring cables

The cables are used between the work area communication outlet and‘the communic
closet.

iser cables and building back-bone cables
The cables are used for horizontal installation or vertically between floors.
Clampus cables

These cables are used to interconnect buildings and shall be suitable for ou
installation. The cables—should shall be sheathed and protected in accordance
IEC 62255 (all parts).

Deelivery of power

Fpr cables delivering power using only SELWsystems for remote powering, the COT
be considered.

Materials and cable construction

General remarks

Cable eonstructions

nter).

ation

tdoor
with

shall

ation

n the

relevant detail specification.

5.2

.2 Conductor

The conductor shall consist of annealed copper, uniform in quality and free from defects. The
properties of the copper shall be in accordance with IEC 60028.

The conductor may be either solid or stranded. The solid conductor shall be circular in section
and may be plain or metal-coated. The solid conductor shall be drawn in one piece. Joints in
the solid conductor are permitted, provided that the breaking strength of a joint is not less than
85 % of the breaking strength of the unjointed solid conductor.

The stranded conductor shall consist of strands circular in section and assembled without
insulation between them by concentric stranding or bunched.
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NOTE A bunched strand is not recommended for insulation displacement connection (IDC) application.

The individual strands of the conductor may be plain or metal-coated.

Joints in individual strands are permitted provided that the tensile strength of a joint is not less
than 85 % of the breaking strength of the unjointed individual strand. Joints in the complete
stranded conductor are not permitted unless allowed and specified in the relevant detail
specification.

The conductor of the work area and equipment cables may consist of one or more elements of
thin copper or copper alloy tape which shall be applied spirally over a fibrous thread. Joints in
the cpmplete element are not permitted.

5.2.3 Insulation
5.2.3]1 General requirements

The |conductor insulation is composed of one or more suitable dielectric materials.| The
insulation may be solid, cellular or composite (for example, foam skin),

The insulation shall be continuous, having a uniform thickness.
The insulation shall be applied to fit closely to the conductor.

The insulated conductors may be identified by colours-aqid/or, additional ring markings apdfor
symiols achieved by the use of coloured insulationforby a coloured surface using extrusion,
printing or painting. Colours shall be clearly identifiable and shall correspond reasonably with
the sfandard colours shown in IEC 60304.

5.2.3.2 Colour code

The ¢olour code for insulation is giveniin-the relevant detail specification.

5.2.j Cable element
1

5.2.4, General

The ¢able element is

a|pair consisting-of two insulated conductors twisted together and designated wire "af and
wlire "b", or
a
W

quad consisting of four insulated conductors twisted together and designated wirg "a",

ire "c"~wire "b" and wire "d" in order of rotation.

The ghoice of the maximum average length of lay in the finished cable shall be made| with
respect to the specified crossialk requirements, handling performance and the pair or quad
integrity.

NOTE Forming the element with a variable lay can lead to the infrequent but acceptable occurrence of the maximum
lay being longer than the specified length of lay.

5.2.4.2 Screening of the cable element
When a screen is required over the pair or quad, it may consist of the following:

a) an-aluminium a metallic tape laminated to a plastic tape;

b) an-aluminium a metallic tape laminated to a plastic tape and a metal-coated or plain copper
drain wire whereby the metal tape is in contact with the drain wire;

c) a metallic braid;
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d) an-aluminium a metallic tape laminated to a plastic tape and a metallic braid.

- Coatings or

other methods of protectlonmay should beﬂeeessary con5|dered in order to prevent galvanic
interaction when putting dissimilar metals in contact with each other.

A protective wrapping may be applied either under and/or over the screen or both.

5.2.5

Cable make-up

The cable elements may be laid up in concentric layers or in unit construction. The cable core

of the

pper
UTP

ated

may pe protected by wrappings of a non-hygroscopic, non-wicking tape.

NOTE|1 Fillers-may can be used to maintain a circular formation.

NOTE|2 Forming the element with a variable lay can lead to the infrequent but acceptable-occurrence

maximum lay being longer than the specified length of lay.

5.2.6 Screening of the cable core

The ¢able core may be-sereened covered by a screen being part of theshielding and groupding

systgm of the cabling. The possible design can be

a) ap-aluminium a metallic tape laminated to a plastic tape which may be bonded to the sheath,
fqr example F/UTP structure;

b) aph-aluminium a metallic tape laminated to a plastic tape and a metal-coated or plain cqg
dfain wire whereby the metal tape is in contactywith the drain wire, for example F
sfructure;

c) a|metallic braid, for example S/UTP structure,

d) ap-aluminium a metallic tape laminated,tova plastic tape and a metallic braid, for example
SF/UTP structure;

e) plain copper or aluminium tape, forreXample F/UTP structure.

Care| - - An unlamir

metallic tape is also perm|tted if<it can meet the requwements of performance for example,

strenjgth.

Coat|ngs or other metheds of protection—may should be-necessary considered in ord

preveént galvanic interaction when putting dissimilar metals in contact with each other.

A protective wrapping may be applied either under and/or over the screen, or both. Ty

desig

5.2.7

ns and their denominations are listed in Annex A.

Sheath

er to

pical

The sheath shall be a polymeric material.

The sheath shall be continuous, having a uniform thickness.

The sheath shall be applied to fit closely to the core of the cable. In the case of screened cables,

the s

heath shall not adhere to the screen except when it is intentionally bonded to it.

The colour of the sheath may be specified in the relevant detail specification.
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5.2.8
5.2.8

Identification

A Cable marking

Each length of cable shall bear the name of the supplier and the cable type and, when provided,
the year of manufacture, using one of the following methods:

a) coloured threads or tapes;

b) printed tape;

c) printing on the core wrappings;

d) markingon-the-sheath-

Addi'lional markings, for example maximum voltage, temperature rating, etc., may be\pro

on th

5.2.8

The
finisH

a) ty
b) s

c) y
d) Ig

5.2.9

The finished cable shall have adequate protection for storage and shipment.

6 (

6.1

Unle
temp
sign3

NOTE

The
comy

Typid

e sheath as indicated in the relevant detail specification.

.2 Labelling

ollowing information shall be provided either on a label attached(to each length g
ed cable or on the outside of the product package:

pe of cable;
ipplier’'s name or logo;
par of manufacture;

ngth of cable in metres.

Finished cable

Lharacteristics and requirements

General remarks — Test configurations

5s otherwise specified,~all“the tests shall be performed assuming that the oper
erature is 20 °C. The_ temperature of the cable shall be stabilized at 20 °C and thg
| shall be low enough to avoid any temperature increase.

computed/xequirements, rounded to one decimal place, shall be used to deten
liance.

altest configurations for the test specimen are

Temperature riske i expected when testing for the cable’s application in remote powering installationy.

ided

f the

ating
test

mine

a) laid out on a non-metallic surface at least 25 mm from a conductive surface;

b) supported in aerial spans in such a way that there is a minimum separation of 25 mm
between convolutions;

c) w

ound as a single open helix on a drum with at least 25 mm between turns.

The configurations a), b) and c) are not necessary for screened cables.

The parameters of mutual capacitance, crosstalk, characteristic impedance and attenuation
sometimes show measured values up to 10 % higher when the cable is measured in its
packaging. This difference arises due to the tight packaging density and interwinding effects.
Also, box packaging-may can negatively affect the cable return loss, crosstalk and characteristic
impedance with full or partial recovery of cable performance after installation.
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In case of doubt, the measurements of mutual capacitance, impedance, attenuation and

Cross

talk shall be performed on a cable sample removed from its packaging.

Measurement procedures for alien (exogenous) crosstalk specify—eptions the special test

configurations for the mounting of the cables-into-special-testconfigurations.

The {ifferential-mode and common-mode termination resistors should be used te)tefm

inact
testin

modd

In pr
differ

are lnatched by the balun and the vector netwdrk Vanalyzer (or equivalent instrumg

resp

But
meagq
50 Q
This
varie

ve pairs and opposite ends of active pairs for near-end crosstalk and far-eqd' crog
impedance (Z;,) is:

bout 75 Q for up to 25 pair-count unscreened pair cables,

bout 50 Q for common screened pair cables and more than 25 pair-count unscreened
hbles,

bout 25 Q for individually screened pair cables.

inciple in balun measurements, the test shall be &arried out with the condition
ential-mode impedance (Zy;;) and common modg-~fapedance (Z.,,,) of the test speg

ctively.

n practice, as the vector network agalyzer (or equivalent instrument) used in
urement has 50 Q ports in general and the common mode impedance of the balun ig
the common mode impedance of tlgg'termination shall be 50 Q unless otherwise speg
is to simplify measurements when the common mode impedance of the test speg
5 from 25 Q to 75 Q.

Zgm = Zgif | 2

IEC

is the differential-mode termination resistor (Q);
is the common-mode termination resistor (Q).
is the differential-mode impedance of cable (Q);

is the common-mode impedance of cable (Q).

Figure 1 — Resistor terminations in balun measurements

Resistor terminations in balunless measurements can be found in IEC TR 61156-1-2.

inate

stalk

g (see Figure 1). For cables having a nominal impedance (Z;;) of 100 &, [the common-

pair

that
imen
nts),

the
also
ified.
imen
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6.2
6.2.1

Electrical characteristics and tests

Conductor resistance

The measurement of the conductor resistance shall be in accordance with-6-4oflEC60189-1
IEC 60189-1:2018, 8.1.

NOTE For resistance, general information can be found in IEC TR 61156-1-6.
6.2.2 Resistance unbalance
6.2.2.1 General requirement
The heasurement of the resistance unbalance and the accuracy of the measurement equipment
shalllbe in accordance with IEC 60708.
NOTE| For resistance unbalance, general information can be found in [IEC TR 61156-1-6.
6.2.2,.2 Resistance unbalance within a pair
The fesistance unbalance between conductors of a pair or on the same-side of a quad is given
by
R —R._.
ARz( max Rm|n)x100% (1)
(Rmax +Rmin)
wherp
AR is the conductor resistance unbalance (%);
Rmax| is the resistance for the conductorwith the highest resistance value (Q);
min | 1S the resistance for the conductor with the lowest resistance value (Q).
6.2.2,.3 Resistance unbalance between pairs
The fesistance unbalance between pairs or sides of quads is given by
N P |Rmax i (Reiin i (Rmax k + Renin & )_ Rmax & * Rmin & (Rmaxi + Roin i )| o
[=V4v LAA% =)
Rmax +* Rmin i (Rmax k + Rmin & )"’ Rmax k * Rmin & (Rmaxi + Rmin i ) '
AR ), = |Rmax i % Renin i ngax kT Rein 2 = Rmax & Remin & ({Rmaxi * Ronin i )\| x100% (2)
Bmax i * Lmin i \ Kmax & T Lmin & ) T Kmax £ = Kmin & \Kmaxi T Kmin i )
where
ARP;, is the resistance unbalance between pair i and pair & (%);
Rmax is the resistance of the wire with the highest resistance of a pair (Q);
Rnmin is the resistance of the wire with the lowest resistance of a pair (Q);

i,k i# kwherei=1tonandk=1tonforn=number of pairs.
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6.2.3 Dielectric strength

This measurement shall be carried out before the measurement of insulation resistance
described in 6.2.4.

The measurement of dielectric strength shall be in accordance with IEC 61196-1-105 for
conductor/conductor, conductor/screen (if present) and screen/screen (if present).

NOTE This test is important to ensure safety is not contravened in remote powering installations.

6.2.4 Insulation resistance

This measurement shall be carried out after the dielectric strength test described in 6.2.8

The heasurement of insulation resistance between conductor/conductor, conductoriscreen and
scregn/screen shall be in accordance with I[EC 60189-1:2018, 8.3. The test yoltage shall be
betwgen 100 V and 500 V DC unless otherwise specified in the detail specification.

6.2.5 Mutual capacitance

The pneasurement of the mutual capacitance of pairs in a multipair, or quad cable shall pe in
accofdance with IEC 60189-1:2018, 8.4.

6.2.6 Capacitance unbalance to earth

The measurement of the capacitance unbalance in{a“multipair or quad cable shall be in
accofdance with IEC 60189-1:2018, 8.5.

The ¢apacitance unbalance to earth of a pair 9§, 0ne side of a quad is given by

ACe =C1-C (3)
wherp
4ACg | is the pair-to-earth capagitance unbalance (pF/km);
Cq is the capacitance. between conductor "a" and conductor "b", with conductof "b"

connected to allether conductors, to the screen (if present) and to earth (pF/km);

C, is the capacitance between conductor "b" and conductor "a", with conductofy "a
connected to-all other conductors, to the screen (if present) and to earth (pF/km).

— Fllle'a'S (4)
T 05x(2/500 + /L1500 ) Y
or oa | .
yal _ Cmeas (B\
corr A\
L1500

€ o —is-thecorrected-capacitance{pFim);
€meas .E t e-measuree EEI;EE.EEI € (;I “);
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L is the length of cable undertest (m)-
The test result of the capacitance unbalance to earth shall be corrected:

— for pair-to-earth and side-to-earth by

1000
ACq = Cneas X —— (4)

wherp

4Cq is the capacitance unbalance to earth (pF/km);
Cmeak is the measured capacitance (pF/km);

L is the length of cable under test (m).

If required, the test result of capacitance unbalance for pair-to-pair an@-side-to-side shall be
specified in the detailed specification.

6.2.7 Transfer impedance

The measurement of the transfer impedance shall be in accordance with IEC 62153-4-3. All of
the gcreens shall be connected together at the ends df) the test specimen. The tralrsfer
impefdance shall be measured over the frequency range indicated in the relevant secfional
specffication.

6.2.8 Coupling attenuation

The—measurement test method of the coupling attenuation shall be in accordance| with
IEC 62153-4-5 or IEC 62153-4-9. All of the*screens shall be connected together at the ends of
the tg¢st specimen. The coupling attenuation of all pairs within the specimen shall be meagured
over the frequency range indicated in the relevant sectional specification.

IEC $2153-4-9 shall be the referee test method to resolve doubts or dispute.

6.2.9 Current-carrying capacity
If required, the\est method for current carrying capacity is described in IEC 61156-1-4. Als the

currgnt carmping capacity is significantly determined by the installation conditions, geperal
guidgnceofMSO/IEC TS 29125 should be considered.

NOTE—Ftre—mimmumcomductor—size—{maximunrresistance)—wittbe—used—mthe—catcutatiomof—each—cabte being
considered for its maximum current carrying capacity as batch deliveries can vary.

6.3 Transmission characteristics
6.3.1 General requirements

Transmission measurements are in the balanced mode with measuring equipment (network
analyzer or signal generator/ and receiver) and baluns to connect the cable to the equipment.
The baluns shall be selected to match the test equipment to the cable nominal impedance and
shaII have the relevant performance character|st|cs g|ven in Table 1. —Ihe—ms@ea#msmateh—ef—

All the tests shall be carried out over the whole specified frequency range and at the same
frequency points of the calibration procedure. A full two-port calibration shall be done to get the
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best accuracy, and the length of the cable for a through calibration should be as short as
possible.

All the tests shall be carried out in both directions or at both ends.

An alternative to balun measurement method is the balunless measurement method which is
specified in IEC TR 61156-1-2. For frequencies higher than 1 GHz, the balunless measurement
method is recommended.

The length of cable under test shall be 100 m, unless otherwise specified.

6.3.2 Velocity of propagation (phase velocity) A

Y
The pelocity of propagation shall be determined%#the—lneq&eaey—n%ge—i&;iijsg;d—ka—the

relevhnt sectional-specification by radian frequency and phase constant. Q

The {est equipment schematic is given in Figure Z.Mis—meawemem&gk—eemmen—mede
|-ports-are-optional-

%/
N\

The Yelosity-of propagation is determined-from &
N
vo—=1t AQQ =
wherp &Q\\
vp—ig-the-phase-velosity(mis); \"QQ

Ar-id the frequeney-interval (Hz). N
The yelocity of propagation is gi{g’ﬁ%y
.\0
e
" “s) _ 2nf
L (5)

O® DBy B
N
wherp

O
f j V}e frequency (Hz);

v \<Crs the phase velocity at frequency f(m/s);

ﬂ(f) is the phase constant (rad/m);

O f) is the radian frequency.

In the high frequency, the cable's propagation velocity is approximately constant, so the phase
velocity may be assessed by the group velocity for an easier measurement. When signals with
multiple frequency components propagate along a cable, if these frequencies are very close
and their differences are much smaller than the central frequency, the group velocity is
determined from Formula (6). Af is the frequency interval, for which the phase of the output
signal makes a 2z radians rotation in comparison with the input signal.

V(G) =L><Af (6)
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where

Y(G) is the group velocity (m/s);

L is the length of the cable under test (m);
Af is the frequency interval (Hz).

In order to evaluate Af with sufficient accuracy, the frequency difference Af’ for n rotations of

2n ra

wher
Af
Af

n

Deta

6.3.3

The phase delay is determined from the phase velocity:

The differential phase delay (delay skew) is determined from

dians-may can be measured as

Af=Af"In

[

is the frequency interval (Hz);
is the frequency difference for n rotations (Hz);
is the number of rotations < 10.

led information of phase velocity and group velocity can$e-found in IEC TR 61156-1

Phase delay and differential delay (delay skew)

D

is the phase delay (s);
is the phase velocity ‘(m/s);

is the cable length under test (m).

1 1

.1 .2

At, = L x

where

Arp

Vb1

Vp,2

is the differential phase delay (delay skew) (s);
is the phase velocity of one pair (m/s);

is the phase velocity of another pair (m/s).

(8)

(9)
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6.3.4 Attenuation
6.3.4.1 Attenuation at 20 °C operating temperature

The measurement shall be over the frequency range indicated in the relevant sectional
specification. The test schematic is given in Figure 2. : .

bolis oo oo ontional
| L -
I gl
Balun Balun
NWA/SG Uy /_L\/_\ /_[},_\ Uy NWA/R
< 1
Po Py
<L T

Earth screen(s), if present
IEC

Key
CuT cable under test

NWA/$G network analyzer port or signal generator

NWA/R network analyzer port or recéiver

* common-mode termination\resistor

> differential-mode termination resistor (matched in pairs)
L length of cable undeér test (m)

U, voltage at network analyzer port or signal generator (V)
U, voltagesat'network analyzer port or receiver (V)

P, power.at network analyzer port or signal generator (W)
P, power at network analyzer port or receiver (W)

= - tion,
velocity of propagation and phase delay

The measurements are made at ambient temperature, and attenuation-en-a for 100 m length of
cable is given by Formula (10).

Fo
o= 10X|Og10(—]
Py

= 20X|Og10(z—oj
1

_~
HEN
((»]

~
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100 R
= ‘— 101g|-> (10)
L 1
where
a is the attenuation in 100 m (dB/100 m) and is corrected to 20 °C as follows.
oz = - 11
20 1"'5cable ><(T—20) an
wherp
asp is the attenuation corrected to 20 °C (dB/100 m);

Jcabid IS the attenuation temperature coefficient (%/°C);

T is the ambient temperature (°C).

Atterjuation temperature coefficient values are given in the\relevant sectional specification.

6.3.j.2 Attenuation at elevated ambient temperatures

6.3.4.2.1 Test chamber

chanber shall be capable of maintaining;thie required test temperature, £2 °C, for the duration
of thg¢ test. The chamber dimensions shall be adequate to contain the sample and fixturg¢s as
required to support the sample. The chamber shall be provided with access ports for conngcting
the spmple to the test equipment; The maximum length of the cable ends extending out qf the
test ghamber shall be 1 m.

The fest chamber shall be either an air-circulating oven or an environmental chamber. Thi test

6.3.4.2.2 Sample preparation and test configuration

The §ample may be loosely coiled with a minimum diameter of 18 cm and placed in the chamber.
In this configuratien the wraps of the coil may be in close proximity and inter-winding coupling
may pppear in thetest results for unscreened cable.

Alterpatively;'the sample may be wound on a non-metallic drum with adjacent wraps sepafated
by a minimum of 2,5 cm which will eliminate inter-winding coupling for unscreened cable.

6.3.4.2.3 Test procedure

The attenuation of the sample shall be measured at ambient temperature in accordance with
6.3.4.1 after conditioning in the chamber for at least 4 h.

The temperature in the chamber shall be maintained at the required temperature, and the
attenuation of the sample shall be measured again after a time duration of between 4 h and
24 h. The test signal shall be low enough to avoid any temperature increase.

A mathematical smoothing algorithm that-may can be applied to the measured attenuation data
to correct for inter-winding coupling is given by the following:

L L L 1L L
Msm—uTU VJ T C JTMIVA/
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tgm = ax~[f +bx f+clf +d
where
Ggm is the smoothed attenuation data (dB/100 m);
a, b, c,d are the regression coefficients;
f is the frequency (Hz).
6.3.4.3 Attenuation temperature coefficient

The elattenuation temperature coefficient is given by Formula (13).

wher

NOTE| The calculation according to Formula (13) is appticable to both the measured and the smoothed atten

c)

cabldg

.5 Unbalance attenuation

.5.1 Equipment

a —a
Jeable = —2—L—-x100%
cable apq X (T2 _ T1)

[

is the attenuation temperature coefficient (%/°C);
is the attenuation at temperature 7y (dB/100 m);

is the attenuation at temperature 7, (dB/100 my;

is the reference or ambient temperature (°G);

is the elevated temperature (°C).

Hl-is—mandatory—to—create A defined return (common-mode) path shall be create

uhbalanced attenuation measurement. This is normally achieved by earthing all other
nd screen(s) if present’in common to the balun earth. The pairs shall be terminated

owever, the cable under test may be wound onto an earthed metal drum. The drum su

DO m of cable in one layer.
oth the\balun method and the balunless method are permitted, in order to do a mea

(12)

(13)

uation

0 for
pairs
with

fferential-mode @nd common-mode terminations and earthed at near and far énds.

rface
hold

sure

a
d
H
may have a suitable groove, wide enough to contain the cable and shall be adequate to
1
B
f

qr uiibalance attenuation. For the balun measurement method, the baluns shall h3
cpmmon-mode port and the characteristics given in Table 1. For the balunless measure

A vector network analyzer or generator/ and receiver combination suitable for the req
frequency and dynamic range can be used.

d)

ve a
ment

nethrodtheequipmentshat—~compty-withH EC TR 6+456+=2—™™

uired

A time domain reflectometer or a VNA having a time domain analysis function by using

inverse discrete Fourier transformation can be used as {optional} equipment.
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Table 1 — Test balun performance characteristics

Parameter Class A-250 value Class A-600 value Class B value
Impedance, primary® 50-Q-unbalanced 50-Q-unbalanced 50 Q- unbalanced
BT e e e el e e e B e
Return-loss;-common-mode® 10-dB min. 15-dB min., 5-15MHz 10-dB-min-

Parameter Class A-500 Class A 000 Class A-2 000

1 MHz to 500 MHz

1 MH2¢o 1 000 MHz

1 MHz to 2 000 MHiz

Impefance, primary 2

50 Q unbalanced

50 Xunbalanced

50 Q unbalanced

Impefance, secondary

Matched balanced ¢

Matched balanced ¢

Matched balanced ¢

Insertion loss, maximum

2,0 dB

3,0dB

4,5 dB

Retufn loss, secondary,
minirpum

12 dB min., 1 MHz to,
15 MHz

20 dB min., 15 MHz to
500 MHz

12 dB, 4 MHz to 15 MHz

20 dB, 15 MHz to
550 MHz

17,5 dB, 550 MHz to
600 MHz

10 dB, 600 MHz to
1 000 MHz

8 dB, 1 MHz to 3 MHZ
12 dB, 3 MHz to 15 MHz

20 dB, 15 MHz to
1000 MHz

18 dB, 1 000 MHz to
2 000 MHz

Retufn loss, common
modq °,

46'dB min., 1 MHz to
15 MHz

15 dB, 4 MHz to 15 MHz
20 dB, 15 MHz to

6 dB, 1 MHz to 3 MHZ
10 dB, 3 MHz to 500 MHz

minirhum igod'?/lﬂ’]zln, 15 MHz to 400 MHz ffS., 500 MHz to
15 dB, 400 MHz to 2 000 MHz
15 dB min., 400 MHz to 600 MHz
500 MHz
10 dB, 600 MHz to
1 000 MHz
Powdsrating 01 W min 04 W 01 W min

Longitudinal balance €,

minimum

60 dB min., 1 MHz to
100 MHz

50 dB min., 100 MHz to
500 MHz

60 dB, 4 MHz to 350 MHz

50 dB, 350 MHz to
600 MHz

40 dB, 600 MHz to
1 000 MHz

60 dB, 1 MHz to 100 MHz

50 dB, 100 MHz to
500 MHz

42 dB, 500 MHz to
1000 MHz

34 dB, 1 000 MHz to
2 000 MHz

Output signal balance®,

minimum

50 dB,minumum

60 dB, 4 MHz to 350 MHz

50 dB, 350 MHz to
600 MHz

40 dB, 600 MHz to
1 000 MHz

Under considerartion
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Parameter

Class A-500
1 MHz to 500 MHz

Class A-1 000
1 MHz to 1 000 MHz

Class A-2 000
1 MHz to 2 000 MHz

Common-mode rejection®,

minimum

50 dB

50 dB, 4 MHz to 600 MHz

40 dB, 600 MHz to
1000 MHz

50 dB, 1 MHz to 500 MHz

42 dB, 500 MHz to
1 000 MHz

34 dB, 1 000 MHz to
2 000 MHz

Special guidelines for the use of baluns

4y—FprelassB-balunsthere-is-a-trade-offbetween-insertiontoss-andreturntoss—Returnlosscan-be-improved-by
B L e e e e LA
bp-le n5-d nsertio is—hi han B, o be-high 10

1) Fpr tests up to 500 MHz, class A-500 baluns should be used.

2) Fpr tests up to 1 000 MHz, class A-1000 baluns should be used.

3) Fpr tests up to 2 000 MHz, the balunless test method is preferred. See~IEC TR 61156-1-2 for defailed
irfformation on the balunless test method.

4) Gommon mode port of baluns are optional in 6.3 except for unbalance éftériuation measurement.

a8 Primary impedance may differ, if necessary, to accommodate analyzer outputs other than 50 Q.

b Measured by connecting the balanced output terminals together.afid measuring the return loss. The unbalgnced
bplun input terminal shall be terminated by a 50 Q load.

¢ Measured according to ITU T Recommendation G.117 and\ITU-T Recommendation O.9.

4 Fpr 120 Q cables, 120 Q baluns will be used only in_cases where it is requested by the user. Usually 100 Q
bhluns will be used.

6.3.5,.2 Balun calibration

a) The reference line calibration((0°dB line) shall be determined by connecting coaxial cables
between the analyzer input.and output. The same coaxial cables shall also be used fqr the
balun loss measurements,) The calibration shall be established over the whole freqyency
range specified in thejrelevant cable specification. This calibration method is valid for clpsely
nmatched baluns thatisatisfy the characteristics of Table 1.

b) Fjgure 3 gives the schematic for the measurement of the differential-mode loss of the
baluns. Two baluns are connected back to back on the symmetrical output side and|their
aftenuation{measured over the specified frequency range. The connection between th¢ two
baluns shall be made with negligible loss.

@ © ) ° ©
TUn 3 H g“’ TUnLiﬁ °'3 H E TU1 ;
509“ + ?||q + §||q + Llsog
- IEC

Key

Ug voltage at network analyzer port or signal generator (V);

Uy voltage at network analyzer port or receiver (V);

Ugiff voltage at symmetrical port of baluns (V).

Figure 3 — Test set-up for the measurement of
the differential-mode loss of the baluns

The differential-mode loss of the single baluns is given by
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,\
—
IN

N

Oqiff = 0,5 x (20'9

U,
7(1)] =- 0,5x(20Ig|Sz1|)

where a4t is the differential-mode loss of the single baluns (dB).

ith the nominal test equipment impedance, and the test equipment is connected t
bmmon-mode port (centre tap) of the baluns.

Fjgure 4 gives the schematic for the measurement of the common-mode loss of‘the bdluns.
The baluns used in b) are connected together; the unbalanced balun ports are termir
W
c

ated
b the

R

voltage at network analyzer port or signal generator (V);

voltage at network analyzer port or receiveri(V).

Figure 4 — Test set-up for the measurement
of the common-mode loss of the baluns

The gommon-mode loss of thé.single baluns is given by

d)

g [ ) [ ] ﬂ)
Yo 50 0 50 O U1
50 0 50 0
L )

EC

f U )
G =—0:8>28>egTy
| U |)

Ocom = 0,5 x (ZOIg %

1

J:- 0,5x(201g]S54])

where aq,, is the common-mode loss of the single balun (dB).

The operational attenuation of the balun ay,,, takes into account the common-mode and

differential-mode losses of the balun:

Opalun = Adiff + Ccom
where ap 4, is the operational attenuation or intrinsic loss of the balun (dB).

NOTE More precise results can be obtained using either poling of the baluns for oy, and a
the results or using three baluns. In the latter case, the assumption of identical baluns is not required.

(16)

and averaging



https://iecnorm.com/api/?name=a60ef4d7c97143afae8c7b78ba57a7e5

- 32 - IEC 61156-1:2023 RLV © IEC 2023

e) The voltage ratio of the balun can be expressed by the turns ratio of the balun and the
operational attenuation of the balun:

U gitf
0

20X|Og10

Z .
= 10xl0g1g | 2| — Gpaiun
Zy

U gitf
20><|Og10 ‘
U4

Z .
= 10X|0910‘Lﬁ‘ ~ Qpalun
Z4

U 4 yA4m
20|q|UL'ff| =10|q|ﬂ| — O

0| | Zo | (17)
20lg lj'ff =10Ig| =dift Zift - Opaun
1 1

here
bitr is the differential-mode voltage at the input of the cable under. test (V);

o is the voltage at the network analyzer port or signal generator (V);

Lirr IS the characteristic impedance of the differential-mode circuit (Q);

W
y

U

Uy is the voltage at the input of the load (V);

Z

Z} is the output impedance of the network analyzerer signal generator (Q);
Z

is the input impedance of the load (Q).

6.3.5.3 Measurements

6.3.5.3.1 Cable-under-test (CUT) Sample preparation

The ¢nds-of the CUT shall be prepared so that the twisting of the pairs/quads is maintaingd up
to th¢ terminals of the test equipment. If not otherwise specified, the CUT shall have a lgngth
of 100 m £ 1 m. All pairs not under test shall be connected to earth through-apprepriate common-
mode{see-6-1)-and differential-mode and common-mode terminations at the near and far end.

The impedance of the common-mode circuit Z_,,, can be measured more precisely either with

a time domain reflectometer (TDR) or a network analyzer. The two conductors of the pair are
connected together at both ends and the impedance is measured between these conductors
and the return path.

If not otherwise specified, the common-mode terminations should be 50 Q. The screens, if any,
shall be connected to earth at both ends of the cable.
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6.3.5.3.2 Test set-up for unbalance measurements

Figure 5 gives a schematic of the measurement for unbalance attenuation at the near end.

[ ] [ J
Ug Uity cuT 50 Q
50Q

50 Q

50

- IEC

Figure 5 — Test set-up for unbalance attenuation attnear end (TCL)

Un, com
Seas—=—28egTy U 18)
[¢]
U,
Omeas = 201g|—22{=-201g|Sy4| (18)
n,com

=
>
)
-
4

Omea is the measured attenuation (dB);
Un.con Is the voltage in the'common-mode circuit at the near end balun (V);
Uy is the voltagein the primary (unbalanced) circuit at the near end balun (V).

Figure 6 gives@’schematic of the measurement for unbalance attenuation at the far end.

NOTE]

is—smdh-
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Uy Uyife CUT [|5()Q
50 Q
50 Q
Yreom| ls00
= ==

IEC

Figure 6 — Test set-up for unbalance attenuation at far end (TCTL)

U,‘com
rres—20-dog Ty — (19)
%
Uo
Omeas =209 (19)
f, com

is the measured attenuation (dB);

is the voltage in the common-modecircuit at the far end balun (V);

is the voltage in the primary (unbalanced) circuit at the near end balun (V).

Expression of test result

The ¢inbalance attenuation is defined as the logarithmic ratio of the common-mode power to the

diffefential-mode power.
Pn,com ‘ Un,COI’n ‘ | 7 |
f,com com ;
s—26egTy 20-<egTy L +o-egT at {26)
Uy \/Pdiff U giff ‘ |Zcom |
P i 7
o, o =10Ig|—diff | — 201g|—dif_| | 10|g|=com
ﬂ? R1,com Un,com Zdiff (20)
f,com f,com
where
a, is the unbalance attenuation (dB);
Peom is the matched common-mode power (W);
Pyise is the matched differential-mode power (W);
n, f are the near end and far end, respectively;
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Zgifs is the characteristic impedance of the differential-mode circuit (Q);

Z is the characteristic impedance of the common-mode circuit (Q).

com
When measuring with S-parameter test-sets, the output voltage of the generator is measured
instead of the differential-mode voltage in the cable under test. Taking the operational
attenuation of the balun into account, the formula for the unbalance attenuation near or far end
is:

P}’lTCOm })}’lZ com
, com , com
all’n :10><|0C|1n f :1O><IOQ1(\ f —halun

u, f Fyife )

A~
N
NS

~

Un, com
f, com

= 20><|Og10

+10><|Og10

Fyir
ay n =10lg|—3" | =
u, f n,com
f,com

R
10l N =
N (21)

f,com

Oeas + 1019 ~ Opalun =

com
Zy

Zcom

- 20Ig|Sy4|+10Ig

~ Obalun

The g¢qual levelunbalance attenuation at the far end is then

LI M I a WONI P2V ZO
il VA “meas ' o CIT0 7 “balun “Ccable
com

A

com

2o
Z

com

EL oyt =0meas + 1019 ~ Opalun ~ %cable =

- 20Ig|S4| +10Ig

~ Opalun ~ %cable

where

EL a, ¢ is the equal level unbalance attenuation at the far end (EL TCTL) (dB);
is the attenuation of the-cable pair under test (dB);

Ocable
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Zy is the output impedance of the network analyzer or signal generator (Q);

Z is the operational impedance of the common-mode circuit, 50 Q.

com

6.3.6 Near-end crosstalk

Figure 7 gives the schematic for the measurement of near-end crosstalk. The near-end
crosstalkless shall be measured using a network analyzer or equivalent measuring equipment
over the frequency range indicated in the relevant sectional specification. One end of the pairs
under test shall be connected to baluns, the other end shall be connected to earth through
appropriate common-mode (see 6.1) and differential-mode terminations.

All pairs not under test shall be connected to earth through appropriate common-mode (seg 6.1)
and (ifferential-mode terminations at the near and far end. The screens, if any, shgll be
conngcted to earth at both ends of the cable.-Precautions-shall-be-takepto-minimize End ¢ffect
couplings shall be minimized. When the cable sheath is removed, the\pairs shall maintain|their
twist|and shall be well separated.
e L -
il =
NWA/SG
NWA/R
L
Earthed screen(s), if present
IEC
Key
CuT cable under test

NWA/SG network analyzer port or signal generator
NWA/R network analyzer port or receiver

*

common-mode termination resistor (see 6.1)
* %

differential-mode termination resistor (matched in pairs)

L length of cable under test (m)

Figure 7 — Test set-up for near-end crosstalk
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Near-end crosstalk loss NEXT is given by

n

P
NEXT =10xlogg P1

2n
(24)
U Z =77
= 20x10g1q |—" + 10 xlog4o[=
I\IF‘YT—1(\I9|P1H |—
|P2n|
201919 |+ 1019|122 = (23)
2n Z4
- 20Ig|Sy| +10ig|£2
Z
wherp
NEXT is the near-end crosstalk (dB);
Pqn is the input power of the disturbing pair at the nearyend (W);
Py, is the output power of the disturbed pair at the'near end (W);
Uin is the input voltage of the disturbing pair at the near end (V);
Uspy is the output voltage of the disturbed pair at the near end (V);
Z4 is the characteristic impedance of the disturbing pair (Q);
Zy is the characteristic impedanceof the disturbed pair (Q).
Meagqurements shall be on a length of at least 100 m. For a length greater than 100 n{, the
meagured value may be correctéd to 100 m using the following correction formula:
I a-L a )]
NEXT: MNEXT—40>log (4 m_?w /(4 105 (25)
1Y) ! T~ J/ L' i \&=v7
LHE)) 1.0 8))
NEXTqo = NEXT -10Ig|| 1-10 \®/ \ L 1-10 \° (24)

where

NEXT 99 is the near-end crosstalk corrected to a length of 100 m (dB);

NEXT is the near-end crosstalk on the measured cable length (dB);
a is the attenuation of the measured cable length (dB).

The power sum near-end crosstalk PS NEXT is calculated from
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0]
PS NEXT. = -10x100.0 3 110 10 (26)
| R
1=
i#]
-NEXT; ;
m LJ
PS NEXT; :-10Igz1: 10 10 (25)
i
wherp
PS NEXT; is the power sum of the pair j (dB);
NEXTZ.’J. is the crosstalk coupled from the pairs i into the pair j (dB);
m is the number of pairs contained within the cable.

6.3.7 Far-end crosstalk

Figune 8 gives the schematic for the measurement of far-end crosstalk. The far-end crogstalk
loss ghall be measured using a network analyzer or equivaleft measuring equipment ovegr the
frequency range indicated in the relevant sectional specification. One end of the pairs ynder
test ghall be connected to baluns, the other end shall be gonnected to earth through appropriate
common-mode (see 6.1) and differential-mode terminations.

All pairs not under test shall be connected'to earth through appropriate common-mode (seg 6.1)
and (ifferential-mode terminations at“the near and far end. The screens, if any, shgll be
conngcted to earth at both ends of the cable.-Precautions-shall-be-takento-minimize End ¢ffect
couplings shall be minimized. When the cable sheath is removed, the pairs shall maintain|their
twist|and shall be well separated.
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NWA/SG

1
’ NWA/R

Key
CuT
NWA/EG
NWA/R

*k

Earthed screen(s), if present

cable under test

network analyzer port or signal generator

network analyzer port or receiver

common-mode termination resistor (see 6.1)
differential-mode termination resistor (matched, in*pairs)

length of cable under test (in m)

Figure 8 — Test’set-up for far-end crosstalk

The measurement shall be carried*en a length of at least 100 m.

Far-gnd crosstalk is given by

IEC

where
FEXT

n

P
FEXT =10xl0gqq|—"—
(27
7 =17
= 20xl0g1q|—"| +10x logg | —
27 Zy
Il’ |
FEXT =10lg|=n| =
2f
20ig| Y| + 101922 = (26)
2f 2

-20|g|sz1|+10|g‘é‘
Z4

is the far-end crosstalk (dB);
is the input power of the disturbing pair at the near end (W);
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is the output power of the disturbed pair under test at the far end (W);
is the input voltage of the disturbing pair at the near end (V);

is the output voltage of the disturbed pair at the far end (V);

is the characteristic impedance of the disturbing pair (Q);

is the characteristic impedance of the disturbed pair (Q).

Equal level far-end crosstalk loss is given by Formula (28) and related to FEXT by the
attenuation of the disturbing pair in the measured cable length:

by
EL FEXT =10xlogqq|——
2/ (28)
U ‘ Z =7
= 20%logg|—L + 10 x log4o |-
U2f Zz
s B
EL-FEXT s the-equaHevel far-endcrosstatk(dB):
Py i ¢l ¢ ’ . . he f L OW):
Uy, | it | ¢ ? . . Ko} o),
L e enletnd e R Dae e oo o o th o cleheibioe ol Lo the senennenel pelle
B A
ELFEXT BFEXT —ey 29)
e
. i ¢l :  the. di : ir(dB).
By
EL FEXT =10ig|-1t| =
2f
P, P 27
10Ig|=n| —10Ig|-1n| = (27)
Py I
FEXT — a4
wherg
EL FEXT—istheequatevelfarend-crosstatk{dB):
FEXT is the far-end crosstalk (dB);
Pys is the output power of the disturbing pair at the far end (W);
Po¢ is the output power of the disturbed pair under test at the far end (W);
Pin is the input power of the disturbing pair at the near end (W);
ay is the attenuation of the disturbing pair (dB).

It is recommended that the maximum cable length to be measured be limited to-3606 305 m in

order to

minimize errors resulting from the noise floor of the testing equipment. For lengths

greater than 100 m, the measured values of FEXT and the calculated values of the EL FEXT
shall be corrected to a length of 100 m as follows:
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EEXT00=FEXT+ 10 x}og, o-(L/100)+ e, (+—L1100) (30)

ELFEXTygg=FELFEXT+10xtogigL+100)—— (31)

FEXTy00 =FEXT+’IOIg(%)+a1><(%—1j (28)
EL FEXTyoq = EL FEXT + 10|g(‘i] (29)
INLL*A* W
wherp
FEXT400 is the far-end crosstalk corrected to a length of 100 m (dB);
FEXT is the measured far-end crosstalk (dB);
EL FEXT,oq s the equal level far-end crosstalk corrected to a length.of 100 m (dB);
EL FEXT is the equal level far-end crosstalk (dB);
L is the measured cable length (m);
ay is the measured attenuation of disturbing pairattenruation (dB).

The power sum far-end crosstalk PS EL FEXT is caleulated from

m -EL FEXT;
PS EL FEXT, = -10500g4q > 49 10 (32)
i=1
i#]
" -EL FEXT, ;
PS_EL FEXT; =—10|g; 10 10 (30)
o
wherg
PS E} FEXT, is the power sum of the pairj (dB);
EL FEXT;~ is the crosstalk coupled from the pairs i into the pairj (dB);
m is the number of pairs contained within the cable.

The attenuation-to-crosstalk ratio far end is defined as the ratio of the attenuation of the
disturbed pair to the far-end crosstalk, both in nepers, or the difference of the far-end crosstalk
and the attenuation of the disturbed pair if both are expressed in dB. Hence:

ACR-F; =FEXT; ; - a; (31)

where
ACR —Fj is the attenuation to crosstalk ratio far-end in (dB);

a; is the attenuation of the disturbed pairj in (dB);
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FEXT; ; is the far-end crosstalk coupled from the pair i into the disturbed pair ;.

6.3.8  Alien (exogenous) near-end crosstalk
6.3.8.1 General

Figure 9 gives the schematic for the measurement of alien (exogenous) near-end crosstalk,
ANEXT. The same test equipment and sample-end preparation considerations relevant to the
measurement of NEXT are relevant to the measurement of ANEXT. The cable fan-out shall not
be greater than 1 m. The measurement shall be over the frequency range indicated in the
relevant sectional specification.

- s
NWA/SG Balun ‘ ‘ =
P
= SO > @ @b et
* %k
1
- *k Kk
S PP
*%k
Cable A
* %k *%k
* [ 1] L1 *
=IO DD G @& QO
* %k *%k
*%k
* ] *
S S AP O @ @D Ol =
*%k *%k
NWA/R

I H

Cable B

Key

Cable A, B two cables in the test assembly configuration (other cables in the assembly are not shown)
NWA/SG network analyzer port or signal generator

NWA/R network analyzer port or receiver

*

common mode termination resistor (see 6.1)
* %

differential mode termination resistor (matched in pairs)

L length of test assembly under test (in m)

Figure 9 — Test set-up for alien (exogenous) near-end crosstalk
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Alien near-end crosstalk (ANEXT) given by

ANEXT-=10>10810P4,/P2,] (34)
Pin
ANEXT =10Ig|—" (32)
2n
wherg
ANEXT is the alien (exogenous) near-end crosstalk (dB);
Pin is the input power of the disturbing pair at the near end (W);
Py, is the output power of the disturbed pair at the near end (W).
The disturbing and disturbed pairs are contained within different cables.
For near-end and far-end alien (exogenous) crosstalk the power sumiis defined as:
(N n _AX«taIki’”w
N"'\4n 10 (35)
J LY A AT 4 {59}
R 17~ ]
N, AX—talk ;)
PS AX —talk; =-101g| > >'10 10 (33)
1=1i=1
wherp
PS AX - talkj is the power sum-of pair j (dB);
AX-tdlk; . ; is the crosstalk between pair j of a given cable and pair i of a neighbouring ¢able

l,],
(dB);

j is the 'number of the disturbed pair;
i iS’the current number of a disturbing pair in a disturbing cable;
I is the number of the disturbing cable;

N is the total number of disturbing cables;

ictha tatal niimhar of dicturhina naire
n S—tRe—totar R se—o+aiStdaoHigpa

o

The cables to be tested are mounted into a configuration as specified in the relevant sectional

specification.
The test method configuration involves six cables around one cable.

The cable arrangement shall be-either a bundle.
a)y—a-bundle

oF

b) three layers of cables on-a drum-
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6.3.8.2 Six cables around one cable

The seven cables to be tested are mounted into the test assembly configuration shown in the
cross-section in Figure 10. The test assembly length shall be specified in the relevant sectional
specification. The assembly cross-section shall be maintained, without longitudinal twist,
throughout the assembly length by means of suitable non-metallic binder material. The binder
material may be applied as discrete straps such as tie wraps and self-clinging or adhesive
straps. The binder material may be applied helically about the cables in the form of a continuous
thread or tape. The binder material shall not visibly compress or deform the cross-section. The
spacing of the discrete binder and the pitch of the continuous binder shall be adequate to
maintain the cable components in close proximity, without visible spacing, as depicted in
Figurn 10.-The test necnmhly shallbe laid out-as r‘lnpir\fnd in I:igurn 11 (\Mifh Qnrpnnfinn Innping
as ngcessary) in aloop in such a way that a minimum separation of 10 cm is maintained between
sectipns of the loop. A non-metallic floor is suitable for laying out the test assembly,

The grosstalk from each pair of cables 1 through 6 to each of the pairs of cable 7 shall be
meagured across the frequency range specified in the relevant sectional specCification.

The power sum alien (exogenous) near-end crosstalk, PS ANEXT, shall-be calculated from the
meagured values according to Formula (33).

IEC

Figure 10 — Test assembly cross-section: six cables around one cable

S
=7\

IEC

Figure 11 — Test assembly layout: six cables around one cable
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(o IEC 1502/09
N

IEC  1503/09
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%/
6.3.9 Alien (exogenous) far-end crosstalk '\63

Meagurement of alien (exogenous) far-end crosstalk, AFEXT, m@@s the same test equipment
and sample-end preparation considerations relevant to the m rement of FEXT. The cables

to be|tested are mounted into a conflguratlon as specified i relevant sectional specification
and ps described in 6.3.8.2; i 27 Fooe
parallel-cable-configuration for six cables around oneQ

The PS AFEXT shall be calculated from the measured values according to Formula (33).

PS AFEXT requirements may be given i%@fms of PS AACR-F where AACR-F shall be
calcylated from the measured values acc to Formula (34).

R
\04ACR -F = AFEXT — « (34)
o~
&
wherg .
AACR-F is the atte@&o’n alien (exogenous) crosstalk ratio at the far end (dB);
AFEXT is the al@ exogenous) far-end crosstalk (dB);
a is t tenuation of the disturbed pair (dB).
ps 4l .

6.3.10Q/ﬁuen (exogenous) crosstalk of bundled cables

Alien sable

and does not require the preparatlon of a specific test assembly configuration.

The bundled cable shall be laid out as depicted in Figure 11 (with serpentine looping as
necessary) in a loop in such a way that a minimum separation of 10 cm is maintained between
sections of the loop. A non-metallic floor is suitable for laying out the test assembly.

The near-end (NEXT) and far-end (#6-FEXT) crosstalk of each pair of one disturbed cable due
to all pairs in the surrounding disturbing cables shall be measured across the frequency range
specified in the relevant sectional specification.

Each cable of the bundle shall in turn be treated as the disturbed cable and the near-end (NEXT)
and far-end ({0-FEXT) crosstalk due to all pairs in the surrounding disturbing cables shall be
measured across the frequency range specified in the relevant sectional specification.
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The power sum alien (exogenous) crosstalk, PS ANEXT and PS AFEXT, shall be calculated
from the measured values according to Formula (33).

6.3.11 Impedance
6.3.11.1 Preparation of cable under test

able—und CY al-be prepared-so-thatendeffe are—inimi - Both ends of
the cable under test shall be prepared to minimize end effects. For frequencies of
measurements greater than or equal to 1 000 MHz, it is recommended that no more than 20 mm
of jacket should be removed from pairs; for frequencies of measurements lower than 1 000 MHz,
it is eecermreraes BIEian e N e e N o s L e Lo e e R LA oS TAT I B2 S L v A A A ————————

e sheath is removed, the pairs shall maintain their twist and shall be well separate

sals are separated by a minimum of 25 mm.

6.3.11.2 hara
and-fitted-impedance Measu

rement

The measurement is in a balanced configuration with a networkzanalyzer (together with an
S-paftameter unit) or an impedance meter. The balun shall have, the relevant characterjstics
giver] in Table 1 corresponding to the measurement frequency‘tange; for this measurement, the
common-mode balun ports in Table 1 are optional. The measurement schematic is given in
Figurne 12.

A thfee-step calibration procedure (using\Open-, short- and load-circuit terminationfs) is
perfgrmed at the secondary side of the batun before the measurement.

For Jmprovement of impedance_ measurement uncertainty, IEC TR 61156-1-5 shoulfl be
cons|dered.

Network analyzer /
S-parameter unit

Port 1 Port 2
® Py Balun

: Short
-l:l:: ot == 3 qu

Open

IEC

Figure 12 — Test set-up for characteristic impedance,
terminated input impedance, and return loss
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1+ 844
1- 844

—_~—~
w
~

~

6.3.11.3 Characteristic impedance

A thrge-step calibration procedure (using open, short and load circuit terminations his performed
at the¢ secondary side of the balun before the measurement.

The Mear end of the cable under test shall be connected to the test equipment'via balun, the far
end phall be terminated by the open circuit termination and short gifCuit termination| The
scattpring parameter S,, shall be measured to obtain characteristioc\impedance values| The

impefance is calculated from the measured S,, parameters.

Zmeas =ZR % ::iiz (33)
wherg
Zneat is the impedance for open-circuit termination or short-circuit termination (Q);
ZR is the system nominal impedancéQ);
Syx is the measured wave scatteting parameter for open circuit termination and short dircuit

termination, x is the vecternetwork analyzer port number.

The ¢haracteristic impedance-is calculated as the square root of the product of the open dircuit
and ghort circuit measuréd values and is given by

Ze=\|Zoc " Zsc| (36)
wherp
Zc S the characteristic impedance (Q);
Zoc is the measured open circuit impedance (Q);
Zsc is the measured short circuit impedance (Q).

6.3.11.4 Terminated input impedance

A single terminated impedance measurement at the near end can be made to get the terminated
input impedance. In this condition, the far end of the cable under test is terminated by a load
impedance in place of the open circuit termination and short circuit termination; the load
impedance value should be equal to the nominal impedance Zg. Z;, is calculated from the

measured S, parameter.
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7 = Ze xS (37)
1-8.,
where
Zin is the terminated input impedance (Q);
Zr is the system nominal impedance (Q);
Se. ts—thremeasured—wave—scatterimg—parameter—fortoad—cireutttermimattom—amd—=— the

vector network analyzer port number.
6.3.11.5 Fitted characteristic impedance

Function fitting is used for computing a smoothed characteristic impedance)' when the ¢able
exhiljits significant structural effects.

The fitting function is given by

ky ko k3
|Zmn| = ko + +—=4 (38)
1/2 3/2
A ror
wherp
|Znl is the magnitude of the fitted characteristic impedance (Q);
ko, k{, ko, k5 are the least squares coefficients;
f is the frequency (Hz).
NOTE| More details of how to calculate the\east squares coefficients can be found in IEC TR 61156-1-2.
6.3.11.6 Mean characteristic-impedance
Mean characteristic impedance is calculated using the formula
Z, =7/C (39)

wherp

Zy is’the mean characteristic impedance (Q);
T is the time delay (s);

C is the mutual capacitance (F).

This method shall only be applied to cables having a mutual capacitance which does not change
over frequency. The measurement shall be done at frequencies over 100 MHz where the phase
delay approaches an asymptotic value.

6.3.12 Return loss
6.3.12.1 Preparation of cable under test

The cable under test shall be prepared so-that-end-effects—are-minimized in accordance with
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6.3.12.2 Equipment Measurement

The measurement is in a balanced configuration with a network analyzer (together with a wave
scattering parameter unit). The balun shall have the relevant characteristics given in Table 1
corresponding to the measurement frequency range. For return loss measurement, the
common-mode port of the balun in Table 1 is optional. The measurement schematic is given in
Figure 12. The load-resistor termination value shall be equal to the nominal-cable impedance

(ZR)-

The measurement shall be done at the frequency, or in the whole frequency range, indicated in
the relevant sectional specification.

6.3.12.3 Procedure

A three-step calibration procedure (using open, short and load circuit terminations) is perfoymed

at theé secondary side of the balun-with-the-cable-pair-disconnected before the(me&asurement.

The pear end of the cable under test shall be connected to the test equipment via balun} and
the far end shall be terminated by the load circuit termination. Return les§Jis given by the fvave
scattering parameter directly from the network analyzer as follows.

lg | (40)
Ri—=——20+eg TO [P 171] oy

RL=-20lg]s.] (40)

wherg
RL |is the return loss (dB);
445, is the measured wave scattering, parameter for load circuit termination, and x i§ the

vector network analyzer port number.

6.4 | Mechanical and dimensional characteristics and requirements

6.4.1 Measurement of dimensions

Detefmination <@f" insulation thickness and sheath thickness shall be in accordance| with
IEC $0811-201) and IEC 60811-202, respectively, and the measurement of overall dimengions
shalllbe iaraccordance with IEC 60811-203.

6.4.2—Ftlongationatbreakof- theconductor

Determination of the elongation at the break of the conductor is described in IEC 60189-1:2018,

6.3.

6.4.3 Tensile strength of the insulation

Determination of the tensile strength of the insulation is described in IEC 60811-501.
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6.4.4

Elongation at break of the insulation

Determination of the elongation at the break of the insulation is described in IEC 60811-501.

6.4.5

Adhesion of the insulation to the conductor

T hod.of ine ic deseribed ind4 of IEC 601801

Determination of the adhesion of the insulation to the conductor is described

IEC ¢

6.4.6

Dete

6.4.7

Dete

6.4.8

Dete

6.4.9

T : . odin 8.5 of IEC 608 _

Dete

6.4.1
6.4.1

The g@pparatus consists of

a) a

0189-1:2018, 6.4.

Elongation at break of the sheath

mination of the elongation at the break of the sheath is described,ig/EC 60811-501

Tensile strength of the sheath

mination of the tensile strength of the sheath is described in IEC 60811-501.

Crush test of the cable

mination of the crush of the cable issdescribed in [IEC 62012-1:2002, 3.3.6.

Cold Impact test of the cable

mination of the impact.test of the cable is described in IEC 60811-506.

0 Bending under tension

0.1 Equipment

tensile power device with a maximum error of £3 %;

b) if required for a particular user application, a measuring apparatus for the determination of

change in the transmission performance;

c) for the U-bend test: one roller with radius, r, as given in the relevant sectional specification

and as shown in Figure 13;

d) for the S-bend test: two rollers each with a radius, R, and separated by distance; Y;—apart,

as given in the relevant sectional specification and as shown in Figure 14;

e) a reference frame that shall be provided for locating the test sample sheath marks that are

applied at points A and B as shown in Figure 13 and Figure 14.

6.4.1

The test sample shall be taken from one end of a finished cable. Both ends of the specimen
shall be terminated in such a way that the specified load can be applied and any specified

trans

0.2 Test sample

mission tests can be carried out.

in
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The sample shall be marked at points A and B as shown in Figure 13 and Figure 14. The total
length of the test sample and the length between points A and B shall be as given in the relevant
sectional specification, taking into account the length needed to carry out the specified
transmission tests.

6.4.10.3 Procedure
6.4.10.3.1 General
The test shall be carried out at ambient temperature. If specified in the relevant sectional
specification, the transmission performance shall be recorded before the load is applied, and
after ) e € emr 0 €0 € WOo—0 va’G EStS—S1a o€ ,..'ated
in the

6.4.1/0.3.2 U-bend test

The ¢able shall be moved around the roller through a minimum of 180° (U-bénd) as shown in
Figure 13.

The ftension shall be continuously increased to the value given,in.the relevant secfional
specification.

Movipg the sample from point A to point B (see Figure 13)\and then returning to poinf A is
cons|dered to be one cycle. The sample shall be subjected to bending under tension with the
speefl of movement and number of cycles given in the rélevant sectional specification.

]
I
90° A

v

y

IEC

Figure 13 — U-bend test configuration

6.4.10.3.3 S-bend test

The rablesshall be moved around two rollers in an S form manner (S-bend), as shown in
Figuvle 14

The tension shall be continuously increased to the value given in the relevant sectional
specification.
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Movi
cons
spee

6.4.1

After
cond

6.4.1

The fest report shall give the following:test conditions:

O
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‘{*j
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4
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IEC

Figure 14 — S-bend test configuration

dered to be one cycle. The sample shall be subjected to bending under tension wit
H of movement and number of cycles given in the relevant sectional specification.

0.3.4 Dielectric strength and insulation resistance

0.4 Test report

ending test used (U-bend or S<bend);

ngth of the test sample and’the length between the sheath marks at points A and B;
nd preparation;

nsion device;

dius, r, of rollers in the U-bend test;

dius, R, ofyrellers in the S-bend test;

ller separation, Y, in the S-bend test;

bnding angle, ¢, in the S-bend test;

peed of movement:

ng the sample from point A to point B (see Figure 14) and thenreturning to pointl A is

n the

completing the bending test, the sample shalls\be tested for conductor/conducton and
Lictor/screen dielectric strength and insulation Fesistance. The magnitude of the voltage
and the test duration shall be as given in the relevant sectional specification.

e number of moving cycles;

o applied voltage and duration-in of the dielectric strength and insulation resistance test;

e maximum tension applied during test;

o test temperature;.

The pass or fail conditions shall be recorded as required by the relevant sectional specification.
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6.4.11 Repeated bending of the cable
6.4.11.1 Equipment

The apparatus shall permit a sample to be bent backwards and forwards through angles up to
180°, the two extreme positions making an angle of 90° on both sides of the vertical, whilst
being subjected to a tensile load. A suitable apparatus is shown in Figure 15. Other equivalent
apparatus may be used.

The bending arm shall have an adjustable clamp or fixture to hold the test sample securely
during the entire test.

The Lpparatus shall be capable of cycling. Displacing the sample from the vertical positipn to
the gxtreme right position, then oscillating to the extreme left position and returfing tp the
origial vertical position is considered to be one cycle. Unless otherwise spéeified in the
relevpnt sectional specification, the bending rate shall be approximately one cycle in 2 s.

J

S &

o

Axis of oscillation

Clamp

IEC
Figure 15 — Repeated bending test configuration

The gpparatus’shall include any test equipment needed to measure the changes in transmigsion
perfdrmance requested in the relevant sectional specification.

6.4.11.2 Test sample length

The sample length shall be sufficient to carry out the testing specified. When only physical
damage is to be evaluated, the length may range from 1 m (for example, for small diameter
patch cords) to 5 m (for larger diameter cables). Longer lengths-may can be necessary to permit
transmission measurements.

The length of the test sample shall be indicated in the relevant sectional specification.

6.4.11.3 Procedure
The following procedure shall be followed.

a) Precondition the sample at ambient temperature for 24 h.
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b) Fix the sample to the apparatus as shown in Figure 15.
c) Apply the weight of mass as shown in the relevant sectional specification.
d) Measure the acceptance criteria parameters to establish baseline values.

e) Carry out repeated bending for the number of cycles specified in the relevant sectional
specification.

f) Carry out acceptance criteria parameter measurements. If necessary, the sample may be
removed from the apparatus for visual examination.

6.4.11.4 Requirements

The gcceptance criteria for the test shall be stated in the relevant sectional specification. Typical
failue modes include loss of transmission performance, loss of continuity or physical damage
to th¢ cable.

6.4.11.5 Test report
The fest report shall give the following test conditions:

e apgle of displacement;

Limber of cycles;

[ ]
=}

ass of the weight;

[ ] [ ]
o3

bnding radius, R;

o test temperature.

The pass/fail conditions shall be recorded as requited in the relevant sectional specificatipn.

6.4.12 Tensile performance of the cable

The method of measuring the tensile pétformance of the cable is described in—-Clausej-5-—of
1EC40794-1-2 |EC 60794-1-21:2015,.xtethod E1.

6.4.13 Shock test of the cable

The hethod of measuring the.shock performance of the cable is described in IEC 62012-1:2002,
3.4.4

6.4.14 Bump test.of the cable

The mhethod ofeasuring the bump performance of the cable is described in IEC 62012-1:2002,
3.4.3|

6.4.15.</Vibration test of the cable

The method of measuring the vibration performance of the cable is described in
IEC 62012-1:2002, 3.4.2.

6.5 Environmental characteristics
6.5.1 Shrinkage of the insulation

The method of measuring the shrinkage of the insulation is described in—Clause—40—of
{EC6808114-1-3 IEC 60811-502.

6.5.2 Wrapping test of the insulation after thermal ageing

The method of measuring the ageing performance of the insulation is described in-Clause10
of IEC 60814-4-2 IEC 60811-510.
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6.5.3 Bending test of the insulation at low temperature

The method of measuring the cold bend test performance is described in-84-oflEC 608114-1-4
IEC 60811-504.

6.5.4 Elongation at break of the sheath after ageing

Samples of sheath are prepared and tested in accordance with-9-2ef1EC 608114-4-1 [EC 60811-
501 after ageing, in accordance with-84-eoflEC 60811-14-2 |[EC 60811-401, for a time and
temperature described in the relevant sectional specification.

6.5. Tensile strength of the sheath after ageing

Samples of sheath are prepared and tested in accordance with-9-2ef1EC 680811141 {EC6(811-
501after ageing, in accordance with-84-eoflEC60814-1-2 |[EC 60811-401, fon-a“time and
tempgrature described in the relevant sectional specification.

6.5.6] Sheath pressure test at high temperature

The method of measuring the sheath pressure test is described in=8-2—of lEC6084{-3-1
IEC $0811-508.

6.5.7 Cold bend test of the cable
6.5.7}.1 Equipment

The ¢old bend test apparatus shall be in accordancewith--26-606844-14-4 |[EC 60811-504 with a
mandrel diameter as specified in the relevant sectional specification.

6.5.7,.2 Test sample

The gample shall be taken from one end gfthe finished cable. The length shall be approximjately
120 % cable diameter and it shall be coiled to a diameter not less than 30 x cable diametgr.

—

6.5.7).3 Procedure

The sample and test apparatus shall be cooled in a cold chamber in accordance with test faAb
of IEIC 60068-2-1:2007 fer a period of not less than 4 h at the temperature specified ip the
relevant sectional specification.

If thel mandrel issmetal, it shall be conditioned at the same time as the sample.

After|the cooling period and while still in the cold chamber, the sample shall be wrapped three
timeq ardund the mandrel at a wrapping velocity of approximately 1 turn per 4 s. Alternat|vely,

the sample may be removed from the chamber after conditioning and wound around the mahdrel
provideﬂ-ﬂm—teskmﬂﬁmﬂﬂNMTmﬂﬁTaﬁa—remma-ﬁum-ﬂmhamba—l' i ;

After completing the cold bend test, the sample shall be tested for conductor/conductor and
conductor/screen dielectric strength and insulation resistance. The magnitude of the voltage
and the test duration shall be as given in the relevant sectional specification.

After the dielectric strength test, the sample shall be stripped into its component elements.

6.5.7.4 Test report
The test report shall give the following test conditions:

e cable diameter;

e coiling diameter;
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mandrel diameter;
applied voltage and duration-in of the dielectric strength test and insulation resistance

test temperature;

and record the pass/fail conditions as required in the relevant sectional specification.

6.5.8 Heat shock test

The method of measuring the heat shock is described in-9-2 of lEC60814-3-14 I[EC 60811-509.

The
IEC 62012-1:2002, 3.5.2.

6.5.10 Solar radiation

Samples of the cable sheath shall be conditioned in a carbon-arc or xenén-arc weatheror
for a|specified period of time. At the end of the conditioning period,,the“elongation and te
strength of the specimens shall be measured, respectively, in accardance with 6.4.6 and 6.
The fesults shall be compared to those obtained on unconditioneéd specimens.

6.5.11 Solvents and contaminating fluids

The

6.5.12 Salt mist and sulphur dioxide

The |method of measuring the salt mistiand sulphur dioxide performance of the cahb
desctibed in IEC 62012-1:2002, 3.6.2.

6.5.13 Water immersion

A 10p m sample of the completed cable shall be immersed in water for a specified peri
time |at a temperature of 20-°C + 3 °C. At the end of the immersion period and while
immgrsed in the water,\the insulation resistance of the conductors shall be measurs
accofdance with 6.2.4.

6.5.14 Hygroscopicity

6.5.9L Damp heat, steady state

ethod of measuring the damp-heat steady-state performance of the cable is déscrib)

ed in

neter
nsile
4.7.

method of measuring the solvents and contaminating fluids performance of the cable is
descfibed in IEC 62012-1:2002, 3.6.1.

le is

bd of
still
pd in

The ateriallis’ considered to be non-hygroscopic when a dry sample of the material is placed

in anfenvironment of 65 % + 5 % relative humidity and 20 °C + 1 °C for 3 h and the amoy
moisfure’ gained does not exceed 1 % by weight.

nt of

6.5.15 Wicking

6.5.15.1 Equipment

The following equipment shall be used in 6.5.15.2.

a)
b)
c)
d)
e)

Beaker: 500 ml to 1 000 ml.

Laboratory stand: with movable crossbar.
Weight: 25 g, lead sinker type (3).
Fluorescein dye solution: 0,1 g/l of water.
Filter paper 25 mm x 25 mm (3 pieces).
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6.5.15.2 Procedure
The following procedure shall be used.
a) Cut three (3) lengths of material, approximately 450 mm long, to be tested and attach lead

sinker type weights to one end of each sample.

b) Attach the opposite end of each sample length to the crossbar with a minimum space of
25 mm between samples. See Figure 16.

c) Attach one section of filter paper to each sample with a paper clip, approximately 75 mm
above the weight.

d) F ” thc bUGI[\UI Vv;lh thU f:UUIUO\JU;II OU:Ut;UII tU [} dU'Jth Uf abuut 75 LLLLLAE
e) Ppsition the crossbar with attached, hanging samples in place directly over the filled bepker.
Lpwer the crossbar so that the weighted sample end enters the solution positiening the

bpttom of the filter paper 25 mm above the surface. Record time of entry.

£-The sample shall be considered “non-wicking” if the solution does not wick‘and wet the lower
edge|of the filter paper within 6 h.

Dimensions in millimetres

Samples
v Cross bar
o225 |
' i Filter paper
Fluid level
y
[Te]
N
A
w
N~
i
\i %
Weight IEC

Figure 16 — Wicking test configuration

6.5.16 Flame propagation characteristics of a single cable

The methed of measuring the burning performance of a single cable is specified intEC-64332-
1-4 IEC.60332-1-2. When this method is not suitable because a small conductor-may can| melt
under the application of the flame, the cable shall be tested in accordance with-tEC-60332-2-14
IEC 60332-2-2.

6.5.17 Flame propagation characteristics of bunched cables

If not specified differently in the relevant detail specification or by local regulations (e.g.
European Construction Products Regulation), the method of measuring the burning
performance of bunched cables is specified either in IEC 60332-3-24 or |IEC 60332-3-25, or
both, depending on the overall dimensions of the cable.
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6.5.18 Resistance to fire test method

Under consideration.

6.5.19 Halogen gas evolution

The method of measuring the evolution of halogen gas is specified in IEC 60754-2.

6.5.20 Smoke generation

The method of measuring the amount of smoke generated is specified in IEC 61034 (all parts).

6.5.2
Unds

6.5.2

The method of testing the combined flame and smoke for cables in envitenmental air han

spac

1

Toxic gas emission

r consideration.

2

Integrated fire test method for cables in environmental air handling spaces

bs is described in IEC 62012-1:2002, Annex A.

dling
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Acronyms for common cable constructions

The acronym structure for the cable name is defined in Table A.1. Some common cable
construction examples are given in Figure A.1.

Table A.1 — Cable construction acronyms

Acronym

XX/ ABB

XX — Overall screen

A — Cable element screen

BB - Cable element type

U -
F - A

Unscreened

oil screened

S — Braid screened

SF

Braid and foil screened

U - Unscreened

F — Foil screened

TP — Twisted paik
TQ - Twistednguad
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U/UTP:
Cable sheath
Pair
Conductor

u/nuTQ:

Cable sheath

Quad
Pair/side circuit

Conductor

FIUTP:

Cable sheath
Foil screen

Pair

Conductor

N

U/FTP:
Cable sheath

Foil pair screen
Pair

N

\\(\@

SFIUTP:

Cable s@\gﬁ
Brgic\('g:reen

&'ﬂ. screen
ir

Conductor

Conductor

O
©

SIFTP:

Cable sheath
Braid screen

&
({/b
s

.

UIFTQ:

Cable sheath
Foil quad screen
Quad

Pair/side circuit

Conductor

SIFTQ:

Cable sheath
Braid screen
Foil quad scrleen

_ Quad

Conductor

Figure A.1 — Common cable construction examples

Pair/side circuit

Conductor

IEC
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ 0o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG, Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-govermmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the\lnternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical .Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeési'and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

IEC $1156=1>has been prepared by subcommittee 46C: Wires and symmetric cables, o
techical\committee 46: Cables, wires, waveguides, RF connectors, RF and microwave pa
components and accessories. It is an International Standard.

aising
on for
pns.

tional
bm all

tional
bf IEC
r any

ations
tween
latter.

pbrmity
br any

s and
hge or
) and
r I[EC

bns is

patent

IEC
5sive

This fourth edition cancels and replaces the third edition published in 2007 and Amendment 1
published in 2009. This edition constitutes a technical revision.

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

a)

b)

c)

modification of the scope in Clause 1 and updating of normative references documents in

Clause 2;
addition of PoE-related definitions in Clause 3;

clarification of differential-mode and common-mode resistors, correction of formulae and

addition of IEC 62153-4-9 test method for coupling attenuation in Clause 6;
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d) introduction of balunless measurement method in 6.3.1, modification of equipment
requirements of unbalance attenuation in 6.3.5 and updating of balun’s performance in
Table 1;

e) deletion of ‘three layers of cables on a drum’ method in alien (exogenous) near-end crosstalk
measurement in 6.3.8 and addition of terminated input impedance in 6.3.11.4.

The t

ext of this International Standard is based on the following documents:
Draft Report on voting
46C/1242/FDIS 46C/1249/RVD

Full i
the 4

The |

This
acco

hformation on the voting for its approval can be found in the report on voting indicatled in

bove table.

anguage used for the development of this International Standard is English'and French.

document was drafted in accordance with ISO/IEC Directives, Paft~2, and develop
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC_Supplement, ava

ed in
jlable

at wyw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are

desc

A lis

symmetrical pair/quad cables for digital communications; can be found on the IEC websit¢.

The
stabi
spec

-

€

° W

-

€

ibed in greater detail at www.iec.ch/standardsdev/publicatjons-

of all parts in the IEC 61156 series, published under*the general title Multicorgq and

ommittee has decided that the contents of thissxdocument will remain unchanged untjil the

ity date indicated on the IEC website undet\webstore.iec.ch in the data related t
fic document. At this date, the document will"be

confirmed,

ithdrawn,

placed by a revised edition, on

e amended.

b the

IMPORTANT - The “colour inside" logo on the cover page of this document indicates thiat it
contains colours_which are considered to be useful for the correct understanding o

con

ents. Users'should therefore print this document using a colour printer.

f its
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1: Generic specification

1 Scope

This
symn

This
data
custd
work

The

part of IEC 61156 specifies the definitions, requirements and test methods of multicore,
hetrical pair and quad cables.

Hdocument is applicable to communication systems such as local area netwarks (LANs) and
communication cables. It is also applicable to cables used for industrial applicafions,
mer premises wiring and generic cabling comprising installation cables and cablgs for
area wiring which are defined in ISO/IEC 11801 (all parts).

cables covered by this document are intended to operate (with voltages and currents

normfally encountered in communication systems. While these ables are not intended {o be

used
publi

in conjunction with low impedance sources, for example the electric power supplips of
C utility mains, they are intended to be used to supportthe delivery of low voltage remote

powe

to

ISO/IEC TS 29125.

2 Normative references

ISO/‘}EC/IEEE 8802-3. More information on the capacity{o support these applications accofding

ring applications including but not restricted to Power over Ethernet as specifigd in

e installation practices are given in <{EC 61156-1-4, |IEC TR 61156-1-6 | and

The following documents are referred t@\in the text in such a way that some or all of their coptent

cons
For
amer

IEC 60028, International‘standard of resistance for copper

IEC {

IEC ¢
Part

itutes requirements of this document. For dated references, only the edition cited applies.
undated references, the latest edition of the referenced document (including| any
dments) applies.

0068-2-1:2007%,_Environmental testing — Part 2-1: Tests — Tests A: Cold

0189-1,2018, Low-frequency cables and wires with PVC insulation and PVC sheath —
1: General test and measuring methods

IEC §

0304, Standard colours for insulation for low-frequency cables and wires

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
mixed flame

IEC 60332-2-2, Tests on electric and optical fibre cables under fire conditions — Part 2-2: Test
for vertical flame propagation for a single small insulated wire or cable — Procedure for diffusion
flame

IEC 60332-3-24, Tests on electric and optical fibre cables under fire conditions — Part 3-24:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category C

IEC 60332-3-25, Tests on electric and optical fibre cables under fire conditions — Part 3-25:
Test for vertical flame spread of vertically-mounted bunched wires or cables — Category D
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IEC 60708, Low-frequency cables with polyolefin insulation and moisture barrier polyolefin
sheath

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

IEC 60794-1-21:2015, Optical fibre cables — Part 1-21: Generic specification — Basic optical
cable test procedures — Mechanical test methods

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials

Part 20+—General-tosts—Moasurement-otinsulationthickness

IEC 60811-202, Electric and optical fibre cables — Test methods for non-metallic materials —
Part R02: General tests — Measurement of thickness of non-metallic sheath

IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials
Part P03: General tests — Measurement of overall dimensions

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials
Part #01: Miscellaneous tests — Thermal ageing methods — Ageingln an air oven

IEC 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part b01: Mechanical tests — Tests for determining the mec€hanical properties of insulating and
sheafhing compounds

IEC 60811-502, Electric and optical fibre cables = Test methods for non-metallic materials —
Part p02: Mechanical tests — Shrinkage test for insulations

IEC §0811-504, Electric and optical fibre_cables — Test methods for non-metallic materials —
Part b04: Mechanical tests — Bending tests at low temperature for insulation and sheaths

IEC 60811-506, Electric and optical-fibre cables — Test methods for non-metallic materials
Part b06: Mechanical tests — Impact test at low temperature for insulations and sheaths

IEC §0811-508, Electric and optical fibre cables — Test methods for non-metallic materials —
Part p08: Mechanical tests — Pressure test at high temperature for insulation and sheaths

IEC 60811-509, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 509: Mechanical tests — Test for resistance of insulations and sheaths to cracking [heat
shock test)

IEC 60811<510, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 610 Mechanical tests — Methods specific to polyethylene and polypropylene compadunds
— Wrapping test after thermal ageing in air

IEC 61034 (all parts), Measurement of smoke density of cables burning under defined
conditions

IEC TR 61156-1-2"1, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-2: Electrical transmission characteristics and test methods of symmetrical pair/quad
cables

1 IEC TR 61156-1-2 is due to become a TS in 2023.
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IEC TR 61156-1-5, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-5: Correction procedures for the measurement results of return loss and input impedance

IEC 61196-1-105, Coaxial communication cables — Part 1-105: Electrical test methods — Test
for withstand voltage of cable dielectric

IEC 62012-1:2002, Multicore and symmetrical pair/quad cables for digital communications to
be used in harsh environments — Part 1: Generic specification

IEC 62153-4-3:2013, Metallic communication cables test methods — Part 4-3: Electromagnetic
compatibility {EMC Suirk o ! Triaxial hod

IEC 62153-4-5, Metallic communication cables test methods — Part 4-5: Electfomagnetic
compatibility (EMC) — Screening or coupling attenuation — Absorbing clamp method

IEC 62153-4-9, Metallic communication cable test methods — Part 4-9. |Electromagnetic
compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method

IEC 62255 (all parts), Multicore and symmetrical pair/quad cables' for broadband digital
communications (high bit rate digital access telecommunication\networks) — Outside |plant
cablgs

ISO/IEC TS 29125:2017, Information technology — Telecommunications cabling requirements
for rgmote powering of terminal equipment

3

|

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

ISO Ind IEC maintain terminology databases for use in standardization at the follqwing
addresses:
o |EC Electropedia: available at "https://www.electropedia.org/

e 130 Online browsing platform: available at https://www.iso.org/obp
3.1
resigtance unbalance

differlence in resistance of the conductors within a pair or one side of a quad or between jpairs
or quads

Note 1 to entry. Resistance unbalance is expressed as a percentage (%).

3.2
mutual capacitance

electrical charge storage parameter of a pair of conductors (or with respect to the side of a
quad)

Note 1 to entry: Mutual capacitance is one of the four primary transmission line parameters: mutual capacitance,
mutual inductance, resistance and conductance.

Note 2 to entry: Mutual capacitance is expressed in pF/m..

3.3

capacitance unbalance to earth

arithmetic difference of the capacitance to earth of the conductors of a pair or one side of a
quad

Note 1 to entry: Capacitance unbalance is expressed in pF/m.
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screen
continuous conducting layer or assembly of conducting layers having the function of reducing

the p

enetration of an electric, magnetic or electromagnetic field into a given region

[SOURCE: IEC 60050-195:2021,195-02-37, modified — "continuous conducting layer or
assembly of conducting layers having the function of reducing " has replaced "device intended
to reduce "]

3.5
balu

N

2023

devid
[SOU

3.6

balu
virtud
and (¢

3.7

e to provide impedance transformation between balanced and unbalanced compone

RCE:ISO/IEC 11801-4:2017, 3.1.2]

nless
| balun used instead of the physical transformers, achieved by mathematical algor
alculated from lumped parameters or distributed parameter network

trangfer impedance

Z7

quotient of the longitudinal voltage of an electrically short Uniform cable, induced in the

circu
inner

Note 1

[SOU
been
has G

3.8
coup
dc
for a
symn

Note
as the|
outer

Note 2

t — formed by the screen under test and the measuring jig — and the current fed int
circuit — the cable under test itself or vice versa, related to unit length

to entry: Transfer impedance is expressed in mQ/m:

RCE: IEC 62153-4-3:2013, 3.3, modified — "of an electrically short uniform cable

een added, “related to unit length!~has replaced "(see Figure 1)".]

ling attenuation

screened balanced.cable, the sum of the effects of the unbalance attenuation q|; g
netric pair and the_screening attenuation ag of the screen of the cable under test

to entry: Forelectrically long devices, i.e. above the cut-off frequency, the coupling attenuation o is d
logarithmic ratio of the feeding power P, and the periodic maximum values of the coupled power P
Circuit-

r, max

nts

ithm,

buter
O the

has

added, "outer circuit" has replaced *matched outer circuit", “the cable under test itself"

f the

efined
in the

to‘entry: Coupling attenuation is expressed in dB.

[SOURCE: IEC 62153-4-7:2021, 3.4, modified —“cable" has replaced “device", “sum of the

effec

3.9

ts’" has replaced “sum", Note 2 has been added.]

current carrying capacity
maximum current a cable circuit (one or several conductors) can support resulting in a specified
increase of the surface temperature of the conductor beyond the ambient temperature, not
exceeding the maximum allowed operating temperature of the cable
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3.10

velocity of propagation
phase velocity
speed at which a sinusoidal signal propagates on a pair in the cable

Note 1 to entry: Velocity of propagation is expressed in m/s.

3.1

phase delay
delay

time

onacifind nhacn nNnaconc hwwa alvan naintc 1n o ~ahl
T © ot

Note

3.12

diffe
delay
diffen

Note

3.13
atten

o o1
ASASARRASA~ BN SAR A= S- A ey = TTOtYY grv e pPpomtoIiT o oo

to entry: Phase delay is expressed in s/m.

Fential phase delay
y skew
ence in phase delay between any two pairs in the cable

to entry: Differential phase delay (skew) is expressed in s.

uation

decrg¢ase in magnitude of power of a signal that propagatesyalong a pair of a cable

Note

3.14

to entry: Attenuation is expressed in dB/m.

ambient temperature

temp)

Note 1

3.15
oper
surfa

Note
due to

Note 2

3.16

prature of the room or space surrounding-the cable

to entry: Ambient temperature is expressed in degree Celsius (°C).

ating temperature
ce temperature of the conductors of a cable

to entry: The operating\temperature is the sum of the ambient temperature and of the temperature in
the carried power.

to entry: Opegating temperature is expressed in degree Celsius (°C).

unbdlance attenuation

UA
logan

ithmic ratio of the differential mode power to the common mode power in a balanced

or vice—versa

Note 1

Note 2 to entry:

to entry: Unbalance attenuation is expressed in dB.

duration between the instants that the wave front of a sinusoidal travelling wave, defined
by a sp e

rease

line,

Unbalance attenuation is also often referred to as conversion loss: TCL (transverse conversion

loss), TCTL (transverse conversion transfer loss), LCL (longitudinal conversion loss), LCTL (longitudinal conversion
transfer loss), EL TCTL (equal level transverse conversion transfer loss) and EL LCTL (equal level longitudinal
conversion loss transfer loss).

3.17

transverse conversion loss

TCL

logarithmic ratio of the differential-mode circuit power at the near end and the common-mode
coupling power measured at the near end
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3.18

equal level transverse conversion transfer loss

EL TCTL

output-to-output measurement of the logarithmic ratio of the differential-mode circuit power at
the near end and the common-mode coupling power measured at the far end

Note 1 to entry: EL TCTL is calculated by the difference between the measured TCTL and the differential-mode
insertion loss of the disturbed pair.

3.19

near-end crosstalk
NEXT
magnitude of the signal power coupling from a disturbing pair at the near end to a distyrbed
pair measured at the near end

Note 1 to entry: Near-end crosstalk is expressed in dB.

3.20
far-end crosstalk
FEXT
magnitude of the signal power coupling from a disturbing pair at the near end to a distyrbed
pair measured at the far end

Note 1 to entry: Far-end crosstalk is expressed in dB.

3.21
power sum of crosstalk
PS
sumrpation of the crosstalk power from all disturbing pairs into a disturbed pair

Note 1 to entry: The summation is applicable to near¥end and far-end crosstalk.

Note 4 to entry: The power sum of crosstalk is expressed in dB.

3.22
atterjuation to crosstalk ratio, far-end
ACR}F

arithmetic difference betweeh the far-end crosstalk and the attenuation of the disturbed pa

r

Note 1 to entry: Attenuation-te crosstalk ratio, far-end, is expressed in dB.

3.23
alien| (exogenodus) 'near-end crosstalk
ANEKXT

near{end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1 toentry: Alien (exogenous) near-end crosstalk is expressed in dB.

3.24

alien (exogenous) far-end crosstalk

AFEXT

far-end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1 to entry: Alien (exogenous) far-end crosstalk is expressed in dB.

3.25

alien (exogenous) far-end crosstalk

AACR-F

far-end crosstalk where the disturbing and disturbed pairs are contained in different cables

Note 1 to entry: Alien (exogenous) far-end crosstalk is expressed in dB.


https://iecnorm.com/api/?name=a60ef4d7c97143afae8c7b78ba57a7e5

IEC 61156-1:2023 © |EC 2023 - 13 -

3.26

power sum of alien (exogenous) near-end crosstalk
PS ANEXT
summation of the near-end alien (exogenous) crosstalk power from all disturbing pairs into a

distu

rbed pair in different cables

Note 1 to entry: The power sum of alien (exogenous) near-end crosstalk is expressed in dB.

nto a

roduct
circuit

pltage

uency

nput)

3.27

power sum of alien (exogenous) far-end crosstalk

PS AACR-F
sumrpatien—ef-the—aten{exeogenousfarend—eresstalk—powerfrom—al—disturbirg—pairs—
distufbed pair in different cables

Note 1 to entry: The power sum of far-end alien (exogenous) crosstalk is expressed in dB.

3.28

characteristic impedance

Zc

impefance at the input of a homogeneous line of infinite length

Note ] to entry: The impedance value is expressed in Q, at relevant frequencies, as the square root of the p
of the|impedance measured at the near end (input) of a cable pair when the/far-end is terminated by an open
load and then an short circuit load.

Note 7 to entry: The asymptotic value at high frequencies is denoted as’Z_.

Note 3 to entry: The characteristic impedance of a homogenequs cable pair is given by the quotient of a v
wave and current wave which are propagating in the same direction, either forwards or backwards.

Note 4 to entry: For homogeneous ideal cables, this test-method yields a flat smooth curve over the whole freq
range] Real cables with distortions give curves with someroughness.

3.29

termjnated input impedance

Zin

impefdance value, expressed in*Q, at relevant frequencies, measured at the near end (i
wher] the far end is terminated.with the system nominal impedance, Zg

3.30

fitteq characteristic impedance

Zm

impefdance value;*expressed in Q, calculated by applying a least squares function flitting
algorjithm to thesmeasured characteristic impedance values

3.31

mean characteristic impedance

Zo

asymptotic value at which the characteristic impedance approaches at sufficiently high

frequ

Note 1

encies (=100 MHz) such that the imaginary part (phase angle) is insignificant

to entry: Normally measured from the capacitance and time delay.

Note 2 to entry: Applicable for cables with frequency independence of mutual capacitance.

3.32

return loss

RL

ratio of reflected power to input power at the input terminals of a cable pair
Note 1 to entry: Return loss is expressed in dB.
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3.33
bundled cable
grouping or assembly of several individual cables that are systematically laid up

Note 1 to entry: Bundled cables are also referred to as speed-wrap, whip, or loomed cables.

3.34
remote powering
supply of power to application specific equipment via balanced cabling

[SOURCE: ISO/IEC TS 29125:2017, 3.1.5]

3.35

safely extra-low voltage
SEL
AC vpltage the RMS value of which does not exceed 50 V or ripple-free DC violtage the yalue
of whlich does not exceed 120 V, between conductors, or between any conducter and refefence
earth, in an electric circuit which has galvanic separation from the supplying electric power
systgm by such means as a separate-winding transformer

Note 1 to entry: Maximum voltage lower than 50 V AC or 120 V ripple-free DC may be specified in parficular
requirements, especially when direct contact with live parts is allowed.

Note 4 to entry: The voltage limit should not be exceeded at any load between full load and no-load when the gource
is a sgfety isolating transformer.

Note § to entry: Ripple-free qualifies conventionally an RMS _ripple voltage of not more than 10 % of the DC
compgnent; the maximum peak value does not exceed 140 V fofia nominal 120 V ripple-free DC system and 70 V for
a nomijinal 60 V ripple-free DC system.

3.36
cont|nuous operating temperature
coT
maximum temperature which ensures thestability and integrity of the material for the exp¢cted
life of the equipment, or part, in its infended application

3.37
hygrpscopic
characteristic of a material‘to absorb moisture from the atmosphere

3.38
wickjng
longifudinal flowy.of a liquid in a material due to capillary action

4 Ipstallation considerations

The cables shall be designed to meet the installation conditions encountered for each area as
follows.
a) Equipment cables

The cables are used between work stations and peripheral equipment (for example, printer).
b) Work area cables

The cables are used between the work station and the communication outlets.
c) Horizontal floor wiring cables

The cables are used between the work area communication outlet and the communication
closet.

d) Riser cables and building back-bone cables
The cables are used for horizontal installation or vertically between floors.
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e) Campus cables

These cables are used to interconnect buildings and shall be suitable for outdoor
installation. The cables shall be sheathed and protected in accordance with IEC 62255 (all
parts).

f) Delivery of power

For cables delivering power using only SELV systems for remote powering, the COT shall
be considered.

NOTE The related document is IEC 60364-7-716.

5 Materials and cable construction

5.1 General remarks

The ¢hoice of materials and cable construction shall be suitable for the intended application
and ipstallation of the cable. Any special requirements for EMC (electromagnetic compatibjility),
fire performance, or SELV should be considered.

5.2 Cable constructions
5.2.1 General

The gable construction shall be in accordance with the details and dimensions given ip the
relevpnt detail specification.

5.2.2 Conductor

The ¢onductor shall consist of annealed copper,~uniform in quality and free from defects| The
propégrties of the copper shall be in accordance’with IEC 60028.

The ¢onductor may be either solid or stfanded. The solid conductor shall be circular in section
and fay be plain or metal-coated. The solid conductor shall be drawn in one piece. Joints in
the splid conductor are permitted, provided that the breaking strength of a joint is not less|than
85 %| of the breaking strength of-the unjointed solid conductor.

The ptranded conductor, shall consist of strands circular in section and assembled without
insulation between them-by concentric stranding or bunched.

NOTE| A bunched strandis not recommended for insulation displacement connection (IDC) application.

The individuakstrands of the conductor may be plain or metal-coated.

Jointp in individual strands are permitted provided that the tensile strength of a joint is not less
than [85% of the breaking strength of the unjointed individual strand. Joints in the complete
stranded conductor are not permitied unless allowed and specified in the relevani detail
specification.

The conductor of the work area and equipment cables may consist of one or more elements of
thin copper or copper alloy tape which shall be applied spirally over a fibrous thread. Joints in
the complete element are not permitted.

5.2.3 Insulation
5.2.3.1 General requirements

The conductor insulation is composed of one or more suitable dielectric materials. The
insulation may be solid, cellular or composite (for example, foam skin).
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The insulation shall be continuous, having a uniform thickness.
The insulation shall be applied to fit closely to the conductor.

The insulated conductors may be identified by colours, additional ring markings or symbols
achieved by the use of coloured insulation or by a coloured surface using extrusion, printing or
painting. Colours shall be clearly identifiable and shall correspond reasonably with the standard
colours shown in I[EC 60304.

5.2.3.2 Colour code

The ¢olour code for insulation is given in the relevant detail specification.

5.2.:| Cable element
1

5.2.4. General

The ¢able element is

pair consisting of two insulated conductors twisted together and designated wire "al and
ire "b", or

a
W

— a|quad consisting of four insulated conductors twisted together and designated wirg¢ "a",
wlire "c", wire "b" and wire "d" in order of rotation.

The thoice of the maximum average length of lay in_the finished cable shall be made| with
respect to the specified crosstalk requirements, handling performance and the pair or gquad
integfity.

NOTE| Forming the element with a variable lay can lead to,the infrequent but acceptable occurrence of the maximum
lay bejng longer than the specified length of lay.

5.2.41;2 Screening of the cable element

When a screen is required over the (pair or quad, it may consist of the following:

a) a|metallic tape laminated to‘a plastic tape;

b) a|metallic tape laminated-to a plastic tape and a metal-coated or plain copper drain| wire
whereby the metal tape is in contact with the drain wire;

c) a|metallic braid;

d) a|metallic tapelaminated to a plastic tape and a metallic braid.

Coat|ngs or ©ther methods of protection should be considered in order to prevent galyanic
interactionswhen putting dissimilar metals in contact with each other.

A pratective wrapping may be applied either under or over the screen or both

5.2.5 Cable make-up

The cable elements may be laid up in concentric layers or in unit construction. The cable core
may be protected by wrappings of a non-hygroscopic, non-wicking tape.
NOTE 1 Fillers can be used to maintain a circular formation.

NOTE 2 Forming the element with a variable lay can lead to the infrequent but acceptable occurrence of the
maximum lay being longer than the specified length of lay.
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5.2.6

Screening of the cable core

The cable core may be covered by a screen being part of the shielding and grounding system
of the cabling. The possible design can be

a) a metallic tape laminated to a plastic tape which may be bonded to the sheath, for example
F/UTP structure;

b) a metallic tape laminated to a plastic tape and a metal-coated or plain copper drain wire
whereby the metal tape is in contact with the drain wire, for example F/UTP structure;

c) a metallic braid, for example S/UTP structure;

d) a IIIUtG::;U tqpc :GIII;IIGtUd tU [} p:aotlu tGPU Glld [} IIIUtG::;b bla;d, fUI U/\GIIIP:U Sr UTP
sfructure;

e) plain copper or aluminium tape, for example F/UTP structure.

Anu
for e

Coat

ample, strength.

ngs or other methods of protection should be considered in order to prevent gal

interaction when putting dissimilar metals in contact with each other.

A prd

tective wrapping may be applied either under or over the,sereen, or both. Typical de

and their denominations are listed in Annex A.

5.2.7

The 3

The 9

The 9
the s

The

5.2.8

5.2.8,

Each
the vy,

a) ¢
b) p

Sheath

heath shall be a polymeric material.

heath shall be continuous, having a unifétm thickness.

heath shall not adhere to the screen except when it is intentionally bonded to it.
olour of the sheath may be specified in the relevant detail specification.

Identification

1 Cable marking

length of cable'shall bear the name of the supplier and the cable type and, when proyv
ear of manufacture, using one of the following methods:

bloured threads or tapes;

rinted tape;

nlaminated metallic tape is also permitted if it can meet the requirementscefiperformance,

anic

5igns

heath shall be applied to fit closely to'the core of the cable. In the case of screened cgbles,

ided,

c) printing on the core wrappings;

d) marking on the sheath.

Additional markings, for example maximum voltage, temperature rating, etc., may be provided

on th

5.2.8

e sheath as indicated in the relevant detail specification.

.2 Labelling

The following information shall be provided either on a label attached to each length of the
finished cable or on the outside of the product package:

a) type of cable;

b) supplier’'s name or logo;

c) year of manufacture;
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d) length of cable in metres.

5.2.9

Finished cable

The finished cable shall have adequate protection for storage and shipment.

6 Characteristics and requirements

6.1
Unle

General remarks — Test configurations

s otherwise specified, all the tests shall be performed assuming that the oper

2023

temp
sign3

NOTE|

The
comp

Typid

The

The

some
pack
Also,
impe

In ca
Cross

Meas
for th

The
inact
testin

erature is 20 °C. The temperature of the cable shall be stabilized at 20 °C and.ths
| shall be low enough to avoid any temperature increase.

computed requirements, rounded to one decimal place, shall be ,used to deter
liance.

al test configurations for the test specimen are

id out on a non-metallic surface at least 25 mm from a conductive surface;

ipported in aerial spans in such a way that there iska“*minimum separation of 25
ptween convolutions;

ound as a single open helix on a drum with at least 25 mm between turns.

onfigurations a), b) and c) are not necessary.for screened cables.

barameters of mutual capacitance, crosstalk, characteristic impedance and attenu
times show measured values up to, 10 % higher when the cable is measured

box packaging can negatively affect the cable return loss, crosstalk and characte
Hance with full or partial recovery of cable performance after installation.

se of doubt, the meaSurements of mutual capacitance, impedance, attenuation
talk shall be performed on a cable sample removed from its packaging.

urement procedures for alien (exogenous) crosstalk specify the special test configurg
e mounting of the cables.

Hifferential-mode and common-mode termination resistors should be used to term
ve pairs and opposite ends of active pairs for near-end crosstalk and far-end cros
gAsee Figure 1). For cables having a nominal impedance (Zy;;) of 100 Q, the com

Temperature rise is expected when testing for the cable’s application in remote powering(installations.

ting
test

mine

mm

ation
n its

hging. This difference arises due-t@jthe tight packaging density and interwinding effects.

ristic

and

tions

inate
stalk
mon-

mode

impedance (Z ) is
T A1 LLLES

— about 75 Q for up to 25 pair-count unscreened pair cables,

— about 50 Q for common screened pair cables and more than 25 pair-count unscreened pair
cables,

— about 25 Q for individually screened pair cables.

In principle in balun measurements, the test shall be carried out with the condition that
differential-mode impedance (Z;;) and common mode impedance (Z;,,,) of the test specimen

are matched by the balun and the vector network analyzer (or equivalent instruments),
respectively.
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But in practice, as the vector network analyzer (or equivalent instrument) used in the
measurement has 50 Q ports in general and the common mode impedance of the balun is also
50 Q, the common mode impedance of the termination shall be 50 Q unless otherwise specified.
This is to simplify measurements when the common mode impedance of the test specimen
varies from 25 Q to 75 Q.

Zgm = Zditi | 2
Zem = Zeom ~ Zdift | 4
Zdm
Zem
—__H L
Zdm =

IEC

Key

Zym is the differential-mode termination resistor (Q);
Zem is the common-mode termination resistor (Q).
Zgiis | is the differential-mode impedance of cable (Q);
Z is the common-mode impedance of cable (Q).

Figure 1 — Resistor terminations in balun measurements
Resistor terminations in balunless measurements canbe*found in IEC TR 61156-1-2.

6.2 Electrical characteristics and tests
6.2.1 Conductor resistance

The measurement of the conductor resistance shall be in accordance with IEC 60189-1:2018,
8.1.

NOTE| For resistance, general information can be found in IEC TR 61156-1-6.
6.2.2 Resistance unbalance
6.2.2/1 General requirement

The heasurement.ofithe resistance unbalance and the accuracy of the measurement equipment
shall|be in accordance with IEC 60708.

NOTE| For resistance unbalance, general information can be found in IEC TR 61156-1-6.

6.2.2.2 Resistance unbalance within a pair

The resistance unbalance between conductors of a pair or on the same side of a quad is given
by

R —R..
AR :MXﬂ)o% (1)
(Rmax+ min
where
AR is the conductor resistance unbalance (%);
Rmax IS the resistance for the conductor with the highest resistance value (Q);
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Rmin  is the resistance for the conductor with the lowest resistance value (Q).

6.2.2.3 Resistance unbalance between pairs

The resistance unbalance between pairs or sides of quads is given by

AR = RmaxiXRmini (Rmaxk +Rmin/’c)_Rmax/7c><Rminlc (Rmaxi +Rmini)|x100% (2)

Rinax i * Rmin i (Rmaxk + Ronin & ) + Rnax k% Rin & (Rmaxi + Ronin 4 )

wher

[

ARP;), is the resistance unbalance between pair i and pair & (%);

R is the resistance of the wire with the highest resistance of a pair (Q);

max

Rnmin is the resistance of the wire with the lowest resistance of a pair (Q);

i,k i f kwherei=1tonandk=1tonforn=number of pairs.
6.2.3 Dielectric strength

This [measurement shall be carried out before the measurement of insulation resisfance
descfribed in 6.2.4.

The |measurement of dielectric strength shall be Jim\accordance with IEC 61196-1-10p for
condpctor/conductor, conductor/screen (if present).and screen/screen (if present).

NOTE| This test is important to ensure safety is not contravened in remote powering installations.
6.2.4 Insulation resistance

This measurement shall be carried outiafter the dielectric strength test described in 6.2.3

The heasurement of insulation resistance between conductor/conductor, conductor/ screen and
scregn/screen shall be in accordance with I[EC 60189-1:2018, 8.3. The test voltage shall be
betwgen 100 V and 500 V DC unless otherwise specified in the detail specification.

6.2.5 Mutual capacitance

The mmeasuremegntiof the mutual capacitance of pairs in a multipair or quad cable shall pe in
accofdance with TEC 60189-1:2018, 8.4.

6.2.6 Capacitance unbalance to earth

The measurementof the capacitance unbatance m a muttipair or quad cabte shatt—Dhe in
accordance with IEC 60189-1:2018, 8.5.

The capacitance unbalance to earth of a pair or one side of a quad is given by

ACe =C1 - (3)

where
4Cy  is the pair-to-earth capacitance unbalance (pF/km);
Cq is the capacitance between conductor "a" and conductor "b", with conductor "b"

connected to all other conductors, to the screen (if present) and to earth (pF/km);
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Cy is the capacitance between conductor "b" and conductor "a", with conductor "a
connected to all other conductors, to the screen (if present) and to earth (pF/km).

The test result of the capacitance unbalance to earth shall be corrected:

— for pair-to-earth and side-to-earth by

ACe = Creas X@ (4)
wherp
ACq is the capacitance unbalance to earth (pF/km);
Cmeak is the measured capacitance (pF/km);
L is the length of cable under test (m).

If required, the test result of capacitance unbalance for pair-to-pair ahd-side-to-side shall be
speclfied in the detailed specification.

6.2.7 Transfer impedance

The measurement of the transfer impedance shall be in accordance with IEC 62153-4-3. All of
the gcreens shall be connected together at the endssof the test specimen. The trapsfer
impefdance shall be measured over the frequency range indicated in the relevant secfional
specification.

6.2.8 Coupling attenuation

The fest method of the coupling attenuation shall be in accordance with IEC 62153-4}5 or
IEC $2153-4-9. All of the screens shallbé connected together at the ends of the test specimen.
The ¢oupling attenuation of all pairs within the specimen shall be measured over the freqyency
range¢ indicated in the relevant sectional specification.

IEC 62153-4-9 shall be the referee test method to resolve doubts or dispute.

6.2.9 Current-carrying capacity

If required, the test method for current carrying capacity is described in IEC 61156-1-4. Als the
currgnt carrying ‘capacity is significantly determined by the installation conditions, geperal
guidgnce of ISO/IEC TS 29125 should be considered.

NOTE| The_minimum conductor size (maximum resistance) will be used in the calculation of each cable|being
considergdfor its maximum current carrying capacity as batch deliveries can vary.

6.3 Transmission characteristics
6.3.1 General requirements

Transmission measurements are in the balanced mode with measuring equipment (network
analyzer or signal generator and receiver) and baluns to connect the cable to the equipment.
The baluns shall be selected to match the test equipment to the cable nominal impedance and
shall have the relevant performance characteristics given in Table 1.

All the tests shall be carried out over the whole specified frequency range and at the same
frequency points of the calibration procedure. A full two-port calibration shall be done to get the
best accuracy, and the length of the cable for a through calibration should be as short as
possible.
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All the tests shall be carried out in both directions or at both ends.

An alternative to balun measurement method is the balunless measurement method which is
specified in IEC TR 61156-1-2. For frequencies higher than 1 GHz, the balunless measurement
method is recommended.

The length of cable under test shall be 100 m, unless otherwise specified.

6.3.2 Velocity of propagation (phase velocity)

The plnr‘ity of pmpagatinn shall be determined hy radian frpqupnr‘y and phase constant

The fest equipment schematic is given in Figure 2.

The yelocity of propagation is given by

_9y) _ 2af

(5)
Py B

()

wherp
f is the frequency (Hz);
L is the phase velocity at frequency f(m/s);

B r) is the phase constant (rad/m);

O £) is the radian frequency.

In the¢ high frequency, the cable's propagation velocity is approximately constant, so the phase
velodity may be assessed by the group velocity for an easier measurement. When signalg with
multiple frequency components-propagate along a cable, if these frequencies are very ¢lose
and fheir differences are much smaller than the central frequency, the group velocity is
deteqmined from Formula (6)< Af is the frequency interval, for which the phase of the output
signdl makes a 2x radians, rotation in comparison with the input signal.

o) =LxAf (6)
wherp
V(G) is-the groupvelocity (m/s);
L is the length of the cable under test (m);
Af is the frequency interval (Hz).

In order to evaluate Af with sufficient accuracy, the frequency difference Af' for n rotations of
2n radians can be measured as

Af=A4f"In (7)
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where

Af
Af

n

is the frequency interval (Hz);
is the frequency difference for n rotations(Hz);
is the number of rotations < 10.

Detailed information of phase velocity and group velocity can be found in IEC TR 61156-1-2.

6.3.3
The |

Phase delay and differential delay (delay skew)

[

hase dplay is determined from the lhhﬂQF\ \/nlnr‘i’ry'

is the phase delay (s);
is the phase velocity (m/s);

is the cable length under test (m).

The differential phase delay (delay skew) is determined\from

wher!

Arp

Vp,1

Vp’z

D

6.3.
6.3.

Vp"] Vp,2

At, =L X

is the differential phase delay (delay skew) (s);
is the phase velocity(of'one pair (m/s);

is the phase velogity of another pair (m/s).

Attenuation

L1 Attenuation at 20 °C operating temperature

(8)

(9)

The [measurement shall be over the frequency range indicated in the relevant secfional
specification. The test schematic is given in Figure 2.
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Yy
A

NWA/R

I

Earth screenys), if present

cable under test

BG network analyzer port or signal generator

R network analyzer port or receiver

common-mode termination resistor

differential-mode termination resistor (matchedin pairs)
length of cable under test (m)

voltage at network analyzer port or signal generator (V)
voltage at network analyzer port ©n receiver (V)
power at network analyzer port or signal generator (W)

power at network analyzep port or receiver (W)

Figure 2 Test set-up for the measurement of attenuation,
velocity of propagation and phase delay

IEC

The measureménts are made at ambient temperature, and attenuation for 100 m length of ¢able
is gien by Formula (10).
100 . |R)|
T — X IUIU - (1 0)
L A
where
o is the attenuation in 100 m (dB/100 m) and is corrected to 20 °C as follows.
a
020 = (11)

1+ Jcaple X (T - 20)
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where

asg is the attenuation corrected to 20 °C (dB/100 m);
dcable IS the attenuation temperature coefficient (%/°C);
T is the ambient temperature (°C).

Attenuation temperature coefficient values are given in the relevant sectional specification.

6.3.4

6.3.4t|lJ_15Lr_hzm.b.er
The

est chamber shall be either an air-circulating oven or an environmental chamber:, The test

chani
of th
requi
the s
test ¢

6.3.4.2.2 Sample preparation and test configuration

The s
In thi
may

Alter
by a

6.3.4.2.3 Test procedure

The
6.3.4

The

attenjuation of the sample shall\be measured again after a time duration of between 4 H

24 h.

A mgthematical smoaothing algorithm that can be applied to the measured attenuation ds
correct for inter-winding coupling is given by the following:

.2 Attenuation at elevated ambient temperatures

ber shall be capable of maintaining the required test temperature, +2 °C, for the dun
red to support the sample. The chamber shall be provided with access portsyfor conne

ample to the test equipment. The maximum length of the cable ends extehding out g
hamber shall be 1 m.

ample may be loosely coiled with a minimum diameter of 18.cim and placed in the char

bppear in the test results for unscreened cable.

natively, the sample may be wound on a non-metallic drum with adjacent wraps sepa
minimum of 2,5 cm which will eliminate inter-winding coupling for unscreened cable.

bttenuation of the sample shall be measured at ambient temperature in accordance
.1 after conditioning in the chamber-for at least 4 h.

femperature in the chamber_shall be maintained at the required temperature, an

The test signal shall be_low enough to avoid any temperature increase.

Gsm =a><\/7+b><f+c/\/?+d

ation

p test. The chamber dimensions shall be adequate to contain the sample and fixtureés as

cting
f the

nber.

s configuration the wraps of the coil may be in close proximity and inter-winding coupling

rated

with

1 the
and

ta to

where
Ggm is the smoothed attenuation data (dB/100 m);
a, b, c,d are the regression coefficients;

f

is the frequency (Hz).
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6.3.4.3 Attenuation temperature coefficient

The attenuation temperature coefficient is given by Formula (13).

_ 912771 100%
ar1x (T, =T

Ocable = (13)

where

dcabid 1S the attenuation temperature coefficient (%/ CJ;

ar is the attenuation at temperature 7 (dB/100 m);

aro is the attenuation at temperature 7, (dB/100 m);

Ty is the reference or ambient temperature (°C);

T is the elevated temperature (°C).

l(;lOtTE The calculation according to Formula (13) is applicable to both the measured and the smoothed attenpuation
ata.

6.3.5 Unbalance attenuation

6.3.5/1 Equipment

a) Al defined return (common-mode) path shall be)created for unbalanced attenuation

nmeasurement. This is normally achieved by earthing all other pairs and screen(s) if pr¢sent
i common to the balun earth. The pairs shall*be terminated with differential-modd and
cpmmon-mode terminations and earthed at near and far ends. However, the cable ynder
tgst may be wound onto an earthed metal"drum. The drum surface may have a suitable
gfoove, wide enough to contain the cable and shall be adequate to hold 100 m of cable in
ope layer.

b) Bpth the balun method and the balunless method are permitted, in order to do a measure
fqr unbalance attenuation. For\the balun measurement method, the baluns shall hgve a
cpmmon-mode port and the characteristics given in Table 1. For the balunless measurement
nmethod, the equipment shall comply with IEC TR 61156-1-2.

c) Alvector network analyzer or generator and receiver combination suitable for the required
frequency and dynamic range can be used.

d) Al time domain reflectometer or a VNA having a time domain analysis function by
riverse discrete Fourier transformation can be used as optional equipment.

Ising

Table 1 — Test balun performance characteristics

Parameter

Class A-1 000

4 na

Pl d
T IVITTZ (O

Impedance, primary @

50 Q unbalanced

50 Q unbalanced

50 Q unbalanced

Impedance, secondary

Matched balanced ¢

Matched balanced ¢

Matched balanced ¢

Insertion loss, maximum

2,0dB

3,0dB

4,5dB

Return loss, secondary,
minimum

12 dB min., 1 MHz to
15 MHz

20 dB min., 15 MHz to
500 MHz

12 dB, 4 MHz to 15 MHz

20 dB, 15 MHz to
550 MHz

17,5 dB, 550 MHz to
600 MHz

10 dB, 600 MHz to
1000 MHz

8 dB, 1 MHz to 3 MHz
12 dB, 3 MHz to 15 MHz

20 dB, 15 MHz to
1000 MHz

18 dB, 1 000 MHz to
2 000 MHz
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Parameter

Class A-500
1 MHz to 500 MHz

Class A-1 000
1 MHz to 1 000 MHz

Class A-2 000
1 MHz to 2 000 MHz

Return loss, common
mode °,

15 dB min., 1 MHz to
15 MHz

15 dB, 4 MHz to 15 MHz
20 dB, 15 MHz to

6 dB, 1 MHz to 3 MHz
10 dB, 3 MHz to 500 MHz

ini 20 dB min., 15 MHz t 400 MH
minimum 400 MS]Z“'] zto z ffS., 500 MHz to
15 dB, 400 MHz to 2 000 MHz
15 dB min., 400 MHz to 600 MHz
500 MH
z 10 dB, 600 MHz to
1 000 MHz
Power rating 0,1 W min. 0,1 W 0,1 W min.
Long|tudinal balance °©, 60 dB min., 1 MHz to 60 dB, 4 MHz to 350 MHz | 60 dB, 1 MHz to 100, MHz
minirhum 100 MHz 50 dB, 350 MHz to 50 dB, 100 MHZz.to
50 dB min., 100 MHz to 600 MHz 500 MHz
500 MHz
40 dB, 600 MHz to 42 dB, 500lMHz to
1 000 MHz 1 000(MHz
34 dB, 1 000 MHz to
2(000 MHz

60 dB, 4 MHz to 350 MHz '} Under considerartion

50 dB, 350 MHz to
600 MHz

40 dB, 600 MHzto
1 000 MHz

50 dB, 4~MHz to 600 MHz

40 dB{ 600 MHz to
1 000 MHz

Outplit signal balance®, 50 dB,minumum

minihum

50 dB 50 dB, 1 MHz to 500 MHz

42 dB, 500 MHz to
1000 MHz

34 dB, 1 000 MHz to
2 000 MHz

Cominon-mode rejection®,

minirhum

Special guidelines for the use of baluns
1) Fpr tests up to 500 MHz, class A-500 balunstshould be used.
2) Fpr tests up to 1 000 MHz, class A-1000\baluns should be used.

3) Fpr tests up to 2 000 MHz, the balunless test method is preferred. See IEC TR 61156-1-2 for defailed
ifformation on the balunless test\method.

4) Gommon mode port of baluns ‘are optional in 6.3 except for unbalance attenuation measurement.

rimary impedance may‘“differ, if necessary, to accommodate analyzer outputs other than 50 Q.

g

P

Measured by connecting the balanced output terminals together and measuring the return loss. The unbalgnced
bplun input terminal.shall be terminated by a 50 Q load.
M
F
b

easured actording to ITU T Recommendation G.117 and ITU-T Recommendation O.9.

pr 120-Q:cables, 120 Q baluns will be used only in cases where it is requested by the user. Usually 100 Q
hluns will be used.

6.3.5.2

a) The reference line calibration (0O dB line) shall be determined by connecting coaxial cables
between the analyzer input and output. The same coaxial cables shall also be used for the
balun loss measurements. The calibration shall be established over the whole frequency
range specified in the relevant cable specification. This calibration method is valid for closely
matched baluns that satisfy the characteristics of Table 1.

Balun calibration

b) Figure 3 gives the schematic for the measurement of the differential-mode loss of the
baluns. Two baluns are connected back to back on the symmetrical output side and their
attenuation measured over the specified frequency range. The connection between the two
baluns shall be made with negligible loss.
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[ ) [ ©
Uo Udiff Uy
50Q g 50 Q

IEC

Key

Ug voltage at network analyzer port or signal generator (V);
Uq voltage at network analyzer port or receiver (V);

Ugqifs voltage at symmetrical port of baluns (V).

= = urememnt of
the differential-mode loss of the baluns

The differential-mode loss of the single balun is given by

U,

O0giff = 0,5 x (20'9 U(,:

j =- 0,5x(20Ig|S54|) (14)

where ag;s is the differential-mode loss of the single balun.(dB).

c) Fjgure 4 gives the schematic for the measurement of the'’common-mode loss of the bdluns.
The baluns used in b) are connected together; the"unbalanced balun ports are terminated
with the nominal test equipment impedance, and the test equipment is connected tp the
cpmmon-mode port (centre tap) of the baluns.

A [ U ﬂ)
Yo “509 %% ?% 509“ Ui
50 Q 500
= = o

Key

Ug voltage at network analyzer port or signal generator (V);

Uq voltage at network analyzer port or receiver (V).

Figure 4 — Test set-up for the measurement
of the common-mode loss of the baluns

The.common-mode loss of the single balun is given by

Ogom = 0,5 x {ZOlg %

J:- 0,5x(201g|S54|) (15)

1

where ag,,, is the common-mode loss of the single balun (dB).
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d) The operational attenuation of the balun ay,, takes into account the common-mode and
differential-mode losses of the balun:

Opalun = &diff + %com (16)

where ap ., is the operational attenuation or intrinsic loss of the balun (dB).

NOTE More precise results can be obtained using either poling of the baluns for a g and a ., and averaging
the results or using three baluns. In the latter case, the assumption of identical baluns is not required.

e) The voltage ratio of the balun can be expressed by the turns ratio of the balun_angd the
operational attenuation of the balun:

20|g dlf‘f 1 0 |g dlff abalun

Yo (17)
20|g dlff 1 0 |g dlff _ abalun

1 1

here
4ire IS the differential-mode voltage at the input of'the’cable under test (V);

0 is the voltage at the network analyzer port_or/signal generator (V);

Lirr 1S the characteristic impedance of\the differential-mode circuit (Q);

W
U

U

Uy is the voltage at the input of the load (V);

Z

Z} is the output impedance of the-hetwork analyzer or signal generator (Q);
Z

is the input impedance of the load (Q).

6.3.5.3 Measurements

6.3.5.3.1 Sample preparation

to the¢ terminals of the-test equipment. If not otherwise specified, the CUT shall have a lgngth

The ¢nds of the CUT shall be prepared so that the twisting of the pairs/quads is maintainid up
of 100 m £ 1 m. All pairs not under test shall be connected to earth through differential-mnode

The fmpedance of the common-mode circuit Z_,,, can be measured more precisely eithen with
a time. domain reflectometer (TDR) or a network analyzer The two conductors of the pair are

and the return path.

If not otherwise specified, the common-mode terminations should be 50 Q. The screens, if any,
shall be connected to earth at both ends of the cable.

6.3.5.3.2 Test set-up for unbalance measurements

Figure 5 gives a schematic of the measurement for unbalance attenuation at the near end.
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Ug Uity cuT 50 Q
50Q

PR
e 0=
50Q
Un, com
50 Q

:

Figure 5 — Test set-up for unbalance attenuation at near end (TCL)

- IEC.

U
Omeas =20lg g =-20|g|521| (18)
n,com
wherg
Cmea is the measured attenuation (dB);
U

ncom IS the voltage in the common-mode circuit\at the near end balun (V);

Up is the voltage in the primary (unbalan@ed) circuit at the near end balun (V).

Figune 6 gives a schematic of the measurément for unbalance attenuation at the far end.

@, e hd

Uy Uyife CuT [l 50Q
50Q

-0

fISO Q

Yroom| 150

- = IEC

Figure 6 — Test set-up for unbalance attenuation at far end (TCTL)

Uo

Omeas =2019 (19)

f, com

where

Gmeas 1S the measured attenuation (dB);
Ut com Is the voltage in the common-mode circuit at the far end balun (V);

Uy is the voltage in the primary (unbalanced) circuit at the near end balun (V).
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6.3.5.3.3 Expression of test result

The unbalance attenuation is defined as the logarithmic ratio of the common-mode power to the
differential-mode power.

iy =101g| 2| _ 20jg| i | 10jg|Zcom
uf n,com n,com diff (20)
f,com f,com
wherp
a, is the unbalance attenuation (dB);
Peom is the matched common-mode power (W);
Pyise is the matched differential-mode power (W);
n, f are the near end and far end, respectively;
Z 4ifs is the characteristic impedance of the differential-mod€ cjrcuit (Q);
Zsom is the characteristic impedance of the common-mode-Circuit (Q).

When measuring with S-parameter test-sets, the output<voltage of the generator is meagured
instepd of the differential-mode voltage in the cablé under test. Taking the operafional
attenfuation of the balun into account, the formula for the unbalance attenuation near or far end
is:

P
ay n=10lg|—A |-
uff Pn,com
f,com

B
10lg 0 |- Opalun =

By com (21)
f, com
Omeas + 1019 ~ Opalun =
com
Z,
- 201g|S24| +101g|=—— ~ apaiun
Zcom

The equal level unbalance attenuation at the far end is then

Zy
EL oy § =0meas + 10lg ~ Opalun ~ %cable =
°°mZ (22)
0
- 20lg|Sy4|+10lg |~ %alun ~ %able
com

where
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EL o, s the equal level unbalance attenuation at the far end (EL TCTL) (dB);

Geaple 1S the attenuation of the pair under test (dB);

Zy is the output impedance of the network analyzer or signal generator (Q);
Zeom is the operational impedance of the common-mode circuit, 50 Q.

6.3.6 Near-end crosstalk

2023

Figure 7 gives the schematic for the measurement of near-end crosstalk. The near-end
crosstalk shall be measured using a network analyzer or equivalent measuring equipment over

the fr auvancvranae-indicated-inthae ralavant cactional snacification - One-end of tha nairc
HoREY-ahge-hatcateah—te+erevYahit+S8cHeRaSPeEHHeaHOR- Re-eHa-othe-pPatHs

test g
comr

All pa
and

conn
the ¢

AL
hall be connected to baluns, the other end shall be connected to earth through appror
non-mode (see 6.1) and differential-mode terminations.

irs not under test shall be connected to earth through appropriate common-mode (ses
differential-mode terminations at the near and far end. The screens()if any, shg
ected to earth at both ends of the cable. End effect couplings shall be minimized.

I L
|

A
Al

NWA/SG

NWA/R

Earthed screen(s), if present

IEC

nder
riate

6.1)
II be
(Vhen

Aable sheath is removed, the pairs shall maintain their twist and shall’be well separated.

Key

CuT ¢able under test

NWA/EG network analyzer port or signal generator

NWA/R network analyzer port or receiver

* common-mode termination resistor (see 6.1)

** differential-mode termination resistor (matched in pairs)
L length of cable under test (m)

Figure 7 — Test set-up for near-end crosstalk
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Near-end crosstalk loss NEXT is given by

NEXT =101g| 2n | =
P2n

20ig12™ |+ 101g| 22| =
Uzn Z1

- 20lg[Sp4| + 10|g‘2‘
Z1

wher!

NEXT
NEXTY

a

[

is the near-end crosstalk (dB);
is the input power of the disturbing pair at the near end (W);

is the output power of the disturbed pair at the near end (W);
is the input voltage of the disturbing pair at the near end (V);
is the output voltage of the disturbed pair at the near end (V);
is the characteristic impedance of the disturbing pair(Q);

is the characteristic impedance of the disturbedsair (Q).

urements shall be on a length of at least 100 'm. For a length greater than 100 m
ured value may be corrected to 100 m using the following correction formula:

LHD)] /10018
NEXTyo9 = NEXT -10lg| | 1-10 \%/ \ £ 1-10 \°

D

100 is the near-end crosstalk corrected to a length of 100 m (dB);

is the near-end crosstalk on the measured cable length (dB);
is_the-attenuation of the measured cable length (dB).

The powersum near-end crosstalk PS NEXT is calculated from

-NEXT; ;

m
PSNEXTj:-10IgZ1: 10 10
ol

where
PS NEXT; is the power sum of the pairj (dB);

NEXTi’j is the crosstalk coupled from the pairs i into the pair j (dB);

m

is the number of pairs contained within the cable.

(23)

, the

(24)

(25)
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6.3.7 Far-end crosstalk

Figure 8 gives the schematic for the measurement of far-end crosstalk. The far-end crosstalk
shall be measured using a network analyzer or equivalent measuring equipment over the
frequency range indicated in the relevant sectional specification. One end of the pairs under
test shall be connected to baluns, the other end shall be connected to earth through appropriate
common-mode (see 6.1) and differential-mode terminations.

All pairs not under test shall be connected to earth through appropriate common-mode (see 6.1)
and differential-mode terminations at the near and far end. The screens, if any, shall be
connected to earth at both ends of the cable. End effect couplings shall be minimized. When

the c ; d.

[ L -l

[ >

NWA/SG
1
) NWA/R
=
Earthed screen(s), if present
IEC
Key
CcuT cable under test
NWA/BG network analyzer perxt or signal generator
NWA/R network analyZer-port or receiver
* common-madé termination resistor (see 6.1)
** differential-mode termination resistor (matched in pairs)
L length of cable under test (in m)
Figure 8 — Test set-up for far-end crosstalk

The measurement shall be carried on a length of at least 100 m.
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Far-end crosstalk is given by

FEXT =10ig Fnf_
2f
U Z
20Ig|=| +10Ig|=2|= (26)
Uy Z4

-20Ig|821|+10Ig‘Z—2‘
24

=
>
)
=
4

is the far-end crosstalk (dB);
is the input power of the disturbing pair at the near end (W);

is the output power of the disturbed pair under test at the far end’(W);
is the input voltage of the disturbing pair at the near end (V);

is the output voltage of the disturbed pair at the far end.(V);

is the characteristic impedance of the disturbing pair (Q);

is the characteristic impedance of the disturbedd{pair (Q).

Equdl level far-end crosstalk loss is given by Formula (28) and related to FEXT by the

attenuation of the disturbing pair in the measuréd.cable length:

S
o 2
T

XT

ELEEXT =10ig| 2t | =
2f
27
10ig| 73| — 101g| 70 |= (27)
2f 1f
FEXT - aq

is_ the-equal level far-end crosstalk (dB);
is-the far-end crosstalk (dB);
is the output power of the disturbing pair at the far end (W);

1

fsthe output power of the disturbed pair under testatthe far end (W7
is the input power of the disturbing pair at the near end (W);

is the attenuation of the disturbing pair (dB).

It is recommended that the maximum cable length to be measured be limited to 305 m in order
to minimize errors resulting from the noise floor of the testing equipment. For lengths greater

than 100

m, the measured values of FEXT and the calculated values of the EL FEXT shall be

corrected to a length of 100 m as follows:

L 100
FEXTyo9 = FEXT + 1O|g(m)+a1>{7—1j (28)
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EL FEXTyoo = EL FEXT + 10Ig(%} (29)
where
FEXT,q0 is the far-end crosstalk corrected to a length of 100 m (dB);
FEXT is the measured far-end crosstalk (dB);
EL FEXT199 is the equal level far-end crosstalk corrected to a length of 100 m (dB);
EL FEXT is the equal level far-end crosstalk (dB);
L is the measured cable length (m);
ay is the measured attenuation of disturbing pair (dB).

The power sum far-end crosstalk PS EL FEXT is calculated from

m -EL FEXT; ;
PS EL FEXT]-:—10IgZ1: 10 10 (30)

i
i#j

wherp

PS EL FEXT, is the power sum of the pair j (dB);

EL FEXT; ; is the crosstalk coupled from.th€pairs i into the pairj (dB);

m is the number of pairs contained within the cable.

The pttenuation-to-crosstalk ratio far~end is defined as the ratio of the attenuation of the
distufbed pair to the far-end crosstalk, both in nepers, or the difference of the far-end crogstalk
and the attenuation of the disturbed pair if both are expressed in dB. Hence:

ACR-F; =FEXT; ; - a; (31)
wherp
ACR —Fj is the attenuation to crosstalk ratio far-end in (dB);
a; is the attenuation of the disturbed pairj in (dB);
FEXT— s the far-end crosstatk coupted from the pair: into the disturbed pair ;-

i
6.3.8  Alien (exogenous) near-end crosstalk

6.3.8.1 General

Figure 9 gives the schematic for the measurement of alien (exogenous) near-end crosstalk,
ANEXT. The same test equipment and sample-end preparation considerations relevant to the
measurement of NEXT are relevant to the measurement of ANEXT. The cable fan-out shall not
be greater than 1 m. The measurement shall be over the frequency range indicated in the
relevant sectional specification.
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NWA/SG
L
NWAR Balun ‘ ‘ o
P -
2o P OO e ]
%%
i
L :
= oIS -
*%
Cable B
*% %%
* {1 (] *
H o oATERCOCOT Co ™
*% %%
* *
] 1

*% *%
] 1
EIO A @ > @ @ D o=l
Feok, *%

IEC
Key
Cable|A, B two cables-in the test assembly configuration (other cables in the assembly are not shown)
NWA/EG network analyzer port or signal generator
NWA/R network analyzer port or receiver
* common mode termination resistor (see 6.1)
** differential mode termination resistor (matched in pairs)
L length of test assembly under test (in m)

Figure 9 — Test set-up for alien (exogenous) near-end crosstalk

Alien near-end crosstalk (ANEXT) given by

Fin |

ANEXT =10Ig
P2n

(32)

where
ANEXT is the alien (exogenous) near-end crosstalk (dB);
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Pin is the input power of the disturbing pair at the near end (W);
Py, is the output power of the disturbed pair at the near end (W).
The disturbing and disturbed pairs are contained within different cables.
For near-end and far-end alien (exogenous) crosstalk the power sum is defined as:
N o AX-alk
PS AX —talk; =-10Ig| > >'10 10 (33)
\l:|l:|
wherp
PS AX — talk; is the power sum of pair j (dB);
AX-tdlk; il is the crosstalk between pair j of a given cable and pair i,.0of.a neighbouring ¢able
(dB);

j is the number of the disturbed pair;

~.

is the current number of a disturbing pair in a disturbing cable;

/ is the number of the disturbing cable;
N is the total number of disturbing cables;
n is the total number of disturbing pairs.

The ¢ables to be tested are mounted into a configuration as specified in the relevant secfional

specification.

The fest method configuration involves. six cables around one cable.

The ¢able arrangement shall be a bundle.

6.3.8.2 Six cables around one cable

The seven cables to bettested are mounted into the test assembly configuration shown i

n the

crosg-section in Figure10. The test assembly length shall be specified in the relevant secfional

specffication. The_assembly cross-section shall be maintained, without longitudinal

throughout the assembly length by means of suitable non-metallic binder material. The b
matefial may~be applied as discrete straps such as tie wraps and self-clinging or adh
strapls. The binder material may be applied helically about the cables in the form of a contin
thredd or{tape. The binder material shall not visibly compress or deform the cross-section

wist,
nder
Bsive
uous
The
te to

spac|ng{of the discrete binder and the pitch of the continuous binder shall be adequa
mainka X . . o . g

2d in

Figure 10. The test assembly shall be laid out as depicted in Figure 11 (with serpentine looping
as necessary) in a loop in such a way that a minimum separation of 10 cm is maintained between

sections of the loop. A non-metallic floor is suitable for laying out the test assembly.

The crosstalk from each pair of cables 1 through 6 to each of the pairs of cable 7 shall be

measured across the frequency range specified in the relevant sectional specification.

The power sum alien (exogenous) near-end crosstalk, PS ANEXT, shall be calculated from the

measured values according to Formula (33).
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6.3.9

Meagq
and ¢
to be

and as described in 6¢3.8.2 for six cables around one.

IEC

Figure 10 — Test assembly cross-section: six cables around one-cable

S/
7\

Figure 11 — Test assembly-layout: six cables around one cable

IEC

Alien (exogenous) far-end-crosstalk

urement of alien (exogenous) far-end crosstalk, AFEXT, involves the same test equip
ample-end preparationsconsiderations relevant to the measurement of FEXT. The ¢
tested are mountedtinto a configuration, as specified in the relevant sectional specific

ment
hbles
ation

(34)

The PS AFEXT shall be calculated from the measured values according to Formula (33).
PS AFEXT requirements may be given in terms of PS AACR-F where AACR-F shdll be
calcylated from the measured values according to Formula (34).
AACR-F = AFEXT — o
where

AACR-F is the attenuation alien (exogenous) crosstalk ratio at the far end (dB);

AFEXT is the alien (exogenous) far-end crosstalk (dB);

a

6.3.1

is the attenuation of the disturbed pair (dB).

0 Alien (exogenous) crosstalk of bundled cables

Alien (exogenous) crosstalk, (ANEXT and AFEXT), is measured directly on the bundled cable
and does not require the preparation of a specific test assembly configuration.
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The bundled cable shall be laid out as depicted in Figure 11 (with serpentine looping as
necessary) in a loop in such a way that a minimum separation of 10 cm is maintained between
sections of the loop. A non-metallic floor is suitable for laying out the test assembly.

The near-end (NEXT) and far-end (FEXT) crosstalk of each pair of one disturbed cable due to
all pairs in the surrounding disturbing cables shall be measured across the frequency range
specified in the relevant sectional specification.

Each cable of the bundle shall in turn be treated as the disturbed cable and the near-end (NEXT)
and far-end (FEXT) crosstalk due to all pairs in the surrounding disturbing cables shall be
measured across the frequency range specified in the relevant sectional specification.

The
from

6.3.1
6.3.1

Both
meag
of jag
it is #
the ¢

Unsd
trave

6.3.1

The
S-pa

bower sum alien (exogenous) crosstalk, PS ANEXT and PS AFEXT, shall becalcu
the measured values according to Formula (33).

1 Impedance
1.1 Preparation of cable under test

ends of the cable under test shall be prepared to minimize end'effects. For frequenci
urements greater than or equal to 1 000 MHz, it is recommended that no more than 2
ket should be removed from pairs; for frequencies of measurements lower than 1 000
ecommended that no more than 40 mm jacket should, bevfemoved from the pairs.

rsals are separated by a minimum of 25 mm.

1.2 Measurement

measurement is in a balanced configuration with a network analyzer (together wif
ameter unit) or an impedance meter. The balun shall have the relevant character

lated

es of
mm
MHz,
\Vhen

pble sheath is removed, the pairs shall maintain their twist and shall be well separated.

reened cables shall be suspended or laid on @ non-conducting surface so that mdltiple

h an
stics

en in

S) is

giver] in Table 1 corresponding to theymeasurement frequency range; for this measurement, the
common-mode balun ports in Table 1 are optional. The measurement schematic is giv
Figure 12.

A thfee-step calibratiom, procedure (using open-, short- and load-circuit termination
perfgrmed at the secondary side of the balun before the measurement.

For jmprovement\‘of impedance measurement uncertainty, IEC TR 61156-1-5 shoul
cons|dered.

Network analyzer /
S-parameter unit

Port 1 Port 2 Bal
alun
® ° Short

' -|:|:: T 2= O

IEC

Figure 12 — Test set-up for characteristic impedance,
terminated input impedance, and return loss
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6.3.11.3 Characteristic impedance

A three-step calibration procedure (using open, short and load circuit terminations) is performed
at the secondary side of the balun before the measurement.

The near end of the cable under test shall be connected to the test equipment via balun, the far
end shall be terminated by the open circuit termination and short circuit termination. The
scattering parameter S,, shall be measured to obtain characteristic impedance values. The

impedance is calculated from the measured S,, parameters.

1+ S
1- 8

Zmeas = ZR %

=
>
)
=
4

meat 1S the impedance for open-circuit termination or short-circuit termination (Q);

ZR is the system nominal impedance (Q);

is the measured wave scattering parameter for open circ(@ittermination and short dircuit
termination, x is the vector network analyzer port number.

The ¢haracteristic impedance is calculated as the square,root of the product of the open djircuit
and ghort circuit measured values and is given by

Ze =\|Zoc" Zsc| (36)

wherp

Zg is the characteristic impedance (Q);

Zoc is the measured open:¢ircuit impedance (Q);
Zsc is the measured short circuit impedance (Q).

6.3.11.4 Terminated‘input impedance

A single terminated impedance measurement at the near end can be made to get the terminated
input|impedance. In this condition, the far end of the cable under test is terminated by alload
impefdance_in—-place of the open circuit termination and short circuit termination; the|load
impefance)value should be equal to the nominal impedance Zg. Z;, is calculated from the

meagured S, parameter.

Zi, = ZR % 15, (37)
1- Xxx
where
Zin is the terminated input impedance (Q);
Zr is the system nominal impedance (Q);
Sy is the measured wave scattering parameter for load circuit termination, and x is the

vector network analyzer port number.
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6.3.11.5 Fitted characteristic impedance

Function fitting is used for computing a smoothed characteristic impedance when the cable
exhibits significant structural effects.

The fitting function is given by

ky  ky k3
|Zm|:k0+f1/2 +7+ iz (38)

wher
|Z

[

ml is the magnitude of the fitted characteristic impedance (Q);

ko, k{, ko, k5 are the least squares coefficients;

f is the frequency (Hz).

NOTE| More details of how to calculate the least squares coefficients can be found.inNEC TR 61156-1-2.

6.3.11.6 Mean characteristic impedance

Mean characteristic impedance is calculated using the formula

Z, =1/C (39)
wherp
Zy is the mean characteristic impedance (Q);
T is the time delay (s);
C is the mutual capacitance (F).

This method shall only be applied to cables having a mutual capacitance which does not chiange
over frequency. The measurement shall be done at frequencies over 100 MHz where the phase
delay approaches an asymptotic value.

6.3.12 Return loss
6.3.12.1 Preparation of cable under test

The ¢ablé under test shall be prepared in accordance with 6.3.11.1.

6.3.12.2 Measurement

The measurement is in a balanced configuration with a network analyzer (together with a wave
scattering parameter unit). The balun shall have the relevant characteristics given in Table 1
corresponding to the measurement frequency range. For return loss measurement, the
common-mode port of the balun in Table 1 is optional. The measurement schematic is given in
Figure 12. The load termination value shall be equal to the nominal impedance (Zg).

The measurement shall be done at the frequency, or in the whole frequency range, indicated in
the relevant sectional specification.
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6.3.12.3 Procedure

A three-step calibration procedure (using open, short and load circuit terminations) is performed
at the secondary side of the balun before the measurement.

The near end of the cable under test shall be connected to the test equipment via balun, and
the far end shall be terminated by the load circuit termination. Return loss is given by the wave
scattering parameter directly from the network analyzer as follows.

RL=-20Ig]S..|

(40)

wherg

RL |is the return loss (dB);

S.. |is the measured wave scattering parameter for load circuit termination,’and x is the v
network analyzer port number.

6.4 | Mechanical and dimensional characteristics and requirements

6.4.1 Measurement of dimensions

Determination of insulation thickness and sheath thicknéss shall be in accordance

IEC 60811-201 and IEC 60811-202, respectively, and the measurement of overall dimen

shall

6.4.2

Dete
6.3.

6.4.3

Dete

6.4.4

Dete

6.4.5

Dete
IEC ¢

be in accordance with IEC 60811-203.

Elongation at break of the conductor

mination of the elongation at the break af\the conductor is described in IEC 60189-1:2

Tensile strength of the insulation

mination of the tensile strength of the insulation is described in IEC 60811-501.

Elongation at break of the insulation

mination of the_elongation at the break of the insulation is described in IEC 60811-5

Adhesion of the insulation to the conductor

mination~ of the adhesion of the insulation to the conductor is describe
0189-+1:2018, 6.4.

ector

with
sions

018,

6.4.6

Elongation at break of the sheath

Determination of the elongation at the break of the sheath is described in IEC 60811-501.

6.4.7

Tensile strength of the sheath

Determination of the tensile strength of the sheath is described in IEC 60811-501.

6.4.8

Crush test of the cable

Determination of the crush of the cable is described in IEC 62012-1:2002, 3.3.6.

6.4.9

Cold Impact test of the cable

Determination of the impact test of the cable is described in IEC 60811-506.
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6.4.10 Bending under tension

6.4.10.1 Equipment

The apparatus consists of

a)
b)

c)
d)

e)

6.4.10.2 Test sample

a tensile power device with a maximum error of +3 %;

if required for a particular user application, a measuring apparatus for the determination of
change in the transmission performance;

for the U-bend test: one roller with radius, », as given in the relevant sectional specification
and as shown in Figure 13;

fqr the S-bend test: two rollers each with a radius, R, and separated by distance Y, as, given
in the relevant sectional specification and as shown in Figure 14;

a|reference frame that shall be provided for locating the test sample sheath marks that are
applied at points A and B as shown in Figure 13 and Figure 14.

The {est sample shall be taken from one end of a finished cable. Both-ends of the spegimen
shall[be terminated in such a way that the specified load can be 'applied and any spegtified

transjmission tests can be carried out.

The sample shall be marked at points A and B as shown inFigure 13 and Figure 14. The|total
length of the test sample and the length between points Arand B shall be as given in the rel¢vant
sectipnal specification, taking into account the length. needed to carry out the spegified

transmission tests.

6.4.10.3 Procedure

6.4.1/0.3.1 General

The fest shall be carried out at ambient temperature. If specified in the relevant secfional
specffication, the transmission perfermance shall be recorded before the load is applied} and
after|the test when the load is zeroOne of the two following tests shall be used, as indi¢ated

in the relevant sectional specifi¢ation.

6.4.1/0.3.2 U-bend test

The ¢able shall be moved around the roller through a minimum of 180° (U-bend) as shown in

Figune 13.

The ftension(shall be continuously increased to the value given in the relevant secfional

specification.

Movikg-the-sample om—point-A-topoint B ee—Figure 13} andthenreturningtopoint A is
considered to be one cycle. The sample shall be subjected to bending under tension with the
speed of movement and number of cycles given in the relevant sectional specification.
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6.4.10.3.3 S-bend test

Figure 13 — U-bend test configuration

The rable shall be moved around two rollers in an S form manner (S-bend), as shown in

Figure 14.

The ftension shall be continuously increased to the value given™in the relevant secfional

specification.

an

v

&

),

Moving the«sample from point A to point B (see Figure 14) and then returning to point
cons|dered o be one cycle. The sample shall be subjected to bending under tension wit
speef_of movement and number of cycles given in the relevant sectional specification.

IEC

Figure 14 — S-bend test configuration

Ais
n the

6.4.10.3.4 Dielectric strength and insulation resistance

After completing the bending test, the sample shall be tested for conductor/conductor and
conductor/screen dielectric strength and insulation resistance. The magnitude of the voltage

and the test duration shall be as given in the relevant sectional specification.

6.4.10.4 Test report

The test report shall give the following test conditions:

e bending test used (U-bend or S-bend);

¢ length of the test sample and the length between the sheath marks at points A and B;

e end preparation;
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e tension device;

e radius, r, of rollers in the U-bend test;

e radius, R, of rollers in the S-bend test;

e roller separation, Y, in the S-bend test;

e bending angle, ¢, in the S-bend test;

e speed of movement;

e number of moving cycles;

e a

pplied voltage and duration of the dielectric strength and insulation resistance test;

2023

e I

o td

aximum tension applied during test;
st temperature.

The pass or fail conditions shall be recorded as required by the relevant sectionalispecification.

6.4.1
6.4.1

1 Repeated bending of the cable

1.1 Equipment

The @pparatus shall permit a sample to be bent backwards and(forwards through angles

180°
being

the two extreme positions making an angle of 90° on ®oth sides of the vertical, |
subjected to a tensile load. A suitable apparatus is shown in Figure 15. Other equivj

apparatus may be used.

The
durin

pending arm shall have an adjustable clamp, or fixture to hold the test sample sec
g the entire test.

The @pparatus shall be capable of cycling.:BDisplacing the sample from the vertical positi

the €
origir
relev

xtreme right position, then oscillating to the extreme left position and returning t

ant sectional specification, the bending rate shall be approximately one cycle in 2 s.

J

S &

o

Axis of oscillation

up to
vhilst
alent

urely

On to
b the

al vertical position is considered@o be one cycle. Unless otherwise specified in the

Clamp

IEC

Figure 15 — Repeated bending test configuration
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The apparatus shall include any test equipment needed to measure the changes in transmission
performance requested in the relevant sectional specification.

6.4.1

1.2 Test sample length

The sample length shall be sufficient to carry out the testing specified. When only physical
damage is to be evaluated, the length may range from 1 m (for example, for small diameter
patch cords) to 5 m (for larger diameter cables). Longer lengths can be necessary to permit

trans

The |

mission measurements.

ength of the test sample shall be indicated in the relevant sectional specification.

6.4.1

1.3 Procedure

The following procedure shall be followed.

a) P
b) F
c) A
d) M
e) C

S
fy G

re
6.4.1
The &
failun

6.4.1

recondition the sample at ambient temperature for 24 h.

x the sample to the apparatus as shown in Figure 15.

pply the weight of mass as shown in the relevant sectional specification.
easure the acceptance criteria parameters to establish baselifie values.

arry out repeated bending for the number of cycles spécified in the relevant secfional

becification.

arry out acceptance criteria parameter measurements. If necessary, the sample m4
moved from the apparatus for visual examination.

1.4 Requirements

cceptance criteria for the test shall be stated in the relevant sectional specification. Ty

y be

pical

e modes include loss of transmission performance, loss of continuity or physical damage
to the¢ cable.

1.5 Test report

The fest report shall give the following test conditions:

e a

>

o3

o td

The

ngle of displacement;
Limber of cycles;

ass of the weight;
bnding radius, R;

st temperature.

pass/fail conditions shall be recorded as required in the relevant sectional specificati

6.4.1

2 Tensile performance of the cable

The method of measuring the tensile performance of the cable is described in IEC 60794-1-
21:2015, method E1.

6.4.1

3 Shock test of the cable

The method of measuring the shock performance of the cable is described in IEC 62012-1:2002,

3.4.4

6.4.1

4 Bump test of the cable

The method of measuring the bump performance of the cable is described in [IEC 62012-1:2002,

3.4.3
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5 Vibration test of the cable

2023

method of measuring the vibration performance of the cable is described in
IEC 62012-1:2002, 3.4.2.

Environmental characteristics

Shrinkage of the insulation

The method of measuring the shrinkage of the insulation is described in IEC 60811-502.

6.5.2

The
IEC ¢

6.5.3

The method of measuring the cold bend test performance is described in(lEC 60811-504.

—Wrapping testof the insutatiom after thermatageing

method of measuring the ageing performance of the insulation is describgd in

0811-510.

Bending test of the insulation at low temperature

6.5.4 Elongation at break of the sheath after ageing

Sam
acco
spec

6.5.5
Sam

acco
spec

6.5.6

bles of sheath are prepared and tested in accordance with’lEC 60811-501 after agei

fication.

Tensile strength of the sheath after ageing

bles of sheath are prepared and tested in accordance with IEC 60811-501 after agei

fication.

Sheath pressure test at high temperature

The fnethod of measuring the sheath pressure test is described in IEC 60811-508.

6.5.7

6.5.7).

The
diam

6.5.7

Cold bend test of the cable

1 Equipment

bter as spécified in the relevant sectional specification.

.2 Test sample

The g

ample shall be taken from one end of the finished cable. The length shall be approxi

g, in

dance with IEC 60811-401, for a time and temperature«described in the relevant sec:rional

g, in

dance with IEC 60811-401, for a time and-temperature described in the relevant sec:rional

cold bend test- apparatus shall be in accordance with IEC 60811-504 with a mapdrel

ately

120 x cable diameter and it shall be coiled to a diameter not less than 30 x cable diameter.

6.5.7

.3 Procedure

The sample and test apparatus shall be cooled in a cold chamber in accordance with test Ab of
IEC 60068-2-1:2007 for a period of not less than 4 h at the temperature specified in the relevant
sectional specification.

If the

mandrel is metal, it shall be conditioned at the same time as the sample.

After the cooling period and while still in the cold chamber, the sample shall be wrapped three
times around the mandrel at a wrapping velocity of approximately 1 turn per 4 s. Alternatively,
the sample may be removed from the chamber after conditioning and wound around the mandrel
provided the test is completed within 30 s after removal from the chamber.
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After completing the cold bend test, the sample shall be tested for conductor/conductor and
conductor/screen dielectric strength and insulation resistance. The magnitude of the voltage
and the test duration shall be as given in the relevant sectional specification.

After the dielectric strength test, the sample shall be stripped into its component elements.

6.5.7

4 Test report

The test report shall give the following test conditions:

e cable diameter;

e C
° m
e a

o td

and record the pass/fail conditions as required in the relevant sectional specification.

6.5.8

The method of measuring the heat shock is described in IEC.60811-5009.

6.5.9

The method of measuring the damp-heat steady-state performance of the cable is describ

IEC §

6.5.1

Sam
for a
stren
The 1

6.5.1

The
desc

6.5.1

The
desc

biling diameter;
andrel diameter;
bplied voltage and duration of the dielectric strength test and insulation resistance;

st temperature;

Heat shock test

Damp heat, steady state

2012-1:2002, 3.5.2.

0 Solar radiation

bles of the cable sheath shall be conditioned in a carbon-arc or xenon-arc weatheror
specified period of time. At the end of the conditioning period, the elongation and tg
gth of the specimens shall bexuneasured, respectively, in accordance with 6.4.6 and §
esults shall be compared tolthose obtained on unconditioned specimens.

1 Solvents and contaminating fluids

ibed in IEC 62012-1:2002, 3.6.1.

2 Salt.mist and sulphur dioxide

method of measuring the salt mist and sulphur dioxide performance of the cal
ibedin IEC 62012-1:2002, 3.6.2.

ed in

neter
nsile
4.7.

method of measuring the solvents and contaminating fluids performance of the cable is

le is

6.5.1

3 Water immersion

A 100 m sample of the completed cable shall be immersed in water for a specified period of
time at a temperature of 20 °C + 3 °C. At the end of the immersion period and while still
immersed in the water, the insulation resistance of the conductors shall be measured in
accordance with 6.2.4.

6.5.1

4 Hygroscopicity

The material is considered to be non-hygroscopic when a dry sample of the material is placed
in an environment of 65 % + 5 % relative humidity and 20 °C + 1 °C for 3 h and the amount of
moisture gained does not exceed 1 % by weight.
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6.5.15 Wicking

6.5.15.1 Equipment

The following equipment shall be used in 6.5.15.2.

a)
b)
c)
d)
e)

6.5.15.2 Procedure

The following procedure shall be used.

a)
b)

c)

The sample shall be considered “non-wicking<if the solution does not wick and wet the
edge] of the filter paper within 6 h.

Beaker: 500 ml to 1 000 ml.
Laboratory stand: with movable crossbar.
Weight: 25 g, lead sinker type (3).

Fluorescein dye solution: 0,1 g/l of water.

2023

Fflter paper 25 mm x 25 mm (3 pieces).

ut three (3) lengths of material, approximately 450 mm long, to be testéd and attach
s|nker type weights to one end of each sample.

ttach the opposite end of each sample length to the crossbar, with a minimum spa
b mm between samples. See Figure 16.

A

2

Attach one section of filter paper to each sample with a papeér clip, approximately 7
apove the weight.
F
P
L
b

Il the beaker with the fluorescein solution to a depth éPabout 75 mm.

osition the crossbar with attached, hanging samples in place directly over the filled be
pwer the crossbar so that the weighted sample end enters the solution positionin
bttom of the filter paper 25 mm above the surface. Record time of entry.

Dimensions in millir]

Samples

|/ Cross bar

A

Filter paper

Fluid level

5125 o

lead
ce of

b mMm

aker.
y the

ower

hetres

~75

Weight IEC

Figure 16 — Wicking test configuration

6.5.16 Flame propagation characteristics of a single cable

The method of measuring the burning performance of a single cable is specified in
IEC 60332-1-2. When this method is not suitable because a small conductor can melt under the
application of the flame, the cable shall be tested in accordance with [IEC 60332-2-2.
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6.5.17 Flame propagation characteristics of bunched cables

If not specified differently in the relevant detail specification or by local regulations (e.g.
European Construction Products Regulation), the method of measuring the burning
performance of bunched cables is specified either in IEC 60332-3-24 or IEC 60332-3-25, or
both, depending on the overall dimensions of the cable.

6.5.18 Resistance to fire test method

Under consideration.

6.5.1£ Halogen gas evolution

The method of measuring the evolution of halogen gas is specified in IEC 60754-2.

6.5.20 Smoke generation

The method of measuring the amount of smoke generated is specified in IEC 61034 (all parts).

6.5.211 Toxic gas emission

Unddr consideration.

6.5.22 Integrated fire test method for cables in environmental air handling spaces

The method of testing the combined flame and smoke. for cables in environmental air handling
spaces is described in IEC 62012-1:2002, Annex A.
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Acronyms for common cable constructions

The acronym structure for the cable name is defined in Table A.1. Some common cable
construction examples are given in Figure A.1.

Table A.1 — Cable construction acronyms

Acronym

XX/ ABB

XX — Overall screen

A — Cable element screen

BB — Cable element type

U -
F - A

Unscreened

oil screened

S — Braid screened

SF -

Braid and foil screened

U — Unscreened

F — Foil screened

TP — Twisted paif
TQ - Twistedvguad
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U/UTP:
Cable sheath

Pair

Conductor

u/nuTQ:

Cable sheath

Quad
Pair/side circuit

Conductor

FIUTP:

Cable sheath
Foil screen

Pair

Conductor

N

U/FTP:
Cable sheath

Foil pair screen
Pair

Conductor

"\
SFIUTP: $\

Cable s@\gﬁ
Brgic\('g:reen

&'ﬂ. screen
ir

Conductor

O
©

SIFTP:

Cable sheath
Braid screen

&
({/b
s

.

UIFTQ:

Cable sheath
Foil quad screen
Quad

Pair/side circuit

Conductor

SIFTQ:

Cable sheath
Braid screen
Foil quad scrleen

_ Quad

Conductor

Figure A.1 — Common cable construction examples

Pair/side circuit

Conductor

IEC
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES MULTICONDUCTEURS A PAIRES SY!VIETRIQUES
ET QUARTES POUR TRANSMISSIONS NUMERIQUES -

Partie 1: Spécification générique
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AVANT-PROPOS

5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles, _au“public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a.des*comités d’étud

vaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
Ernationales, gouvernementales et non gouvernementales, en liaison avec I'lECy/ participent égaleme
vaux. L’'IEC collabore étroitement avec I'Organisation Internationale de. Normalisation (ISO), selq
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mes
5sible, un accord international sur les sujets étudiés, étant donné que‘les/-Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de recOmmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qug
ssure de I’exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d’encourager I'uniformité internationale, les*Comités nationaux de I'lEC s’engagent, dans tg
sure possible, a appliquer de fagon transparente_le's Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
rnissent des services d’évaluation de™“eonformité et, dans certains secteurs, accédent aux marqu
hformité de I'IEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de
ur tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de
au crédit qui lui\est accordé.

ttention estrattirée sur les références normatives citées dans cette publication. L’utilisation de publid
érencées'est obligatoire pour une application correcte de la présente publication.

us les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication].

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigfi-composée
I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC ‘aypour ohjet de
oriser la coopération internationale pour toutes les questions de normalisation dans. les domaines de
ectricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normes internationales,

t des
, aux
ations
ht aux
n des

Lire du
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réées
I'lEC
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ute la
nales
es ou

dants
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aires,
I'lEC,
elque
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I'lEC,

ations

ttentionest attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'ol

jet de

its_ debrevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brlevets.

L'IEC 61156-1 a été établie par le sous-comité 46C: Céables symétriques et fils, du comité
d’études 46 de I'lEC: Cables, fils, guides d’ondes, connecteurs, composants passifs pour micro-
onde et accessoires. |l s’agit d’'une Norme internationale.

Cette quatrieme édition annule et remplace la troisiéme édition parue en 2007 et son
Amendement 1 paru en 2009. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) modification du domaine d’application a I'Article 1 et mise a jour des documents de
"Références normatives" a I’Article 2;

b) ajout de définitions liées au PoE a I'Article 3;
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clarification des résistances en mode différentiel et en mode commun, correction des
formules et ajout de la méthode d’essai de I'lEC 62153-4-9 pour l'affaiblissement de
couplage a I'Article 6;

introduction de la méthode de mesure sans symétriseur en 6.3.1, modification des
exigences de I’équipement relatives a I'affaiblissement de symétrie en 6.3.5 et mise a jour
du fonctionnement du symétriseur dans le Tableau 1;

suppression de la méthode "trois couches de cables sur un touret" de mesure de
paradiaphonie exogéene (due aux cables voisins) en 6.3.8 et ajout de 'impédance d’entrée
adaptée en 6.3.11.4.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
46C/1242/FDIS 46C/1249/RVD

Le ripport de vote indiqué dans le tableau ci-dessus donne toute informatigh.sur le vote ayant

abou

i a son approbation.

Les langues employées pour I’élaboration de cette Norme internationale sont I'anglais [et le

frangais.

Ce dpcument a été rédigé selon les Directives ISO/IEC, Pattie 2, il a été développé selogn les
Diredtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles [sous
wwwliec.ch/members_experts/refdocs. Les principauxi\types de documents développés par

I'IEC|sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

Une |iste de toutes les parties de la série IEC 61156, publiées sous le titre général Cables
multitonducteurs a paires symétriques et quartes pour transmissions numériques, se touve

sur l¢ site web de I'lEC.

Le cgmité a décidé que le contenu de.ce document ne sera pas modifié avant la date de stdbilité
indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document

rechgrché. A cette date, le document sera:

¢conduit,

—

slipprimé,

—

gmplacé par une gdition révisée, ou

amendé.

IMPPDRTANT — Le logo "colour inside” qui se trouve sur la page de couverture de ce document

indique qu’elle contient des couleurs qui sont considérées comme utiles a une bonne
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CABLES MULTICONDUCTEURS A PAIRES SYMETRIQUES
ET QUARTES POUR TRANSMISSIONS NUMERIQUES -

Partie 1: Spécification générique
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IEC 60028, Spécification internationale d’un cuivre-type recuit

IEC {

IEC ¢
Part

esente partie de I'|EC 61156 spécifie les définitions, les exigences et les méthodes d’
ables multiconducteurs, a paires symétriques et a quartes.

ésent document est applicable aux systémes de transmission tels que les-féseaux Ig
) et les cables de transmission de données. Il est aussi applicable aux cables utilisés
pplications industrielles, le cablage des locaux des clients et le ’'cablage géné
renant des cables d’installation et des cables destinés au cablage~d’espaces de t
bnt définis dans I'ISO/IEC 11801 (toutes les parties).

ables couverts par le présent document sont destinés a étre exploités sous des ten
urants rencontrés conventionnellement dans les systémes de communication. Bier
ables ne soient pas destinés a étre utilisés en conjohction avec des sources de b
Hance, par exemple les alimentations électriques des réseaux de services publics, ils
hés a étre utilisés pour prendre en charge lessapplications de téléalimentation b
bn, y compris notamment [I'alimentation {par Ethernet, comme spécifié

IEC/IEEE 8802-3. L’'IEC 61156-1-4, [I'IEC.TR61156-1-6 et [IISO/IEC TS 2

on des pratiques de pose.

Références normatives

ocuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou [
ur contenu, des exigencés du présent document. Pour les références datées,
on citée s’applique. Pounles références non datées, la derniere édition du docume
bnce s’applique (y compris les éventuels amendements).

0068-2-152007, Essais d’environnement — Partie 2-1: Essais — Essai A: Froid

0189-1:2018, Low-frequency cables and wires with PVC insulation and PVC she
1< General test and measuring methods (disponible en anglais seulement)
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IEC 60304, Couleurs de référence de l'enveloppe isolante pour cables et fils pour basses
fréequences

IEC 60332-1-2, Essais des cables électriques et a fibres optiques soumis au feu — Partie 1-2:
Essai de propagation verticale de la flamme sur conducteur ou cable isolé — Procédure pour
flamme a prémélange de 1 kW

IEC 60332-2-2, Essais des céables électriques et a fibres optiques soumis au feu — Partie 2-2:
Essai de propagation verticale de la flamme sur conducteur ou céble isolé de petite section —
Procédure pour une flamme de type a diffusion
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IEC 60332-3-24, Essais des cables électriques et des cables a fibres optiques soumis au feu —
Partie 3-24: Essai de propagation verticale de la flamme des fils ou cadbles montés en nappes
en position verticale — Catégorie C

IEC 60332-3-25, Essais des cables électriques et des cébles a fibres optiques soumis au feu —
Partie 3-25: Essai de propagation verticale de la flamme des fils ou cables montés en nappes
en position verticale — Catégorie D

IEC 60708, Céables pour basses fréquences a isolation polyoléfine et gaine polyoléfine a
barriére d’étanchéité

IEC §0754-2, Essai sur les gaz émis lors de la combustion des matériaux prélevés sur cafles —
Partie 2: Détermination de la conductivité et de I'acidité (par mesure du pH)

IEC 60794-1-21:2015, Céables a fibres optiques — Partie 1-21: Spécification, générique —
Procedures fondamentales d’essais des cables optiques — Méthodes d’essai‘mécanique

IEC 60811-201, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 201: Essais généraux — Mesure de ['épaisseur des envelgppes
isolaptes

IEC 60811-202, Céables électriques et a fibres optiques — Méthiotles d’essai pour les matélriaux
non-étalliques — Partie 202: Essais généraux — Mesure~de [I'épaisseur des gaines| non
métafliques

IEC 60811-203, Cébles électriques et a fibres optigues — Méthodes d’essai pour les matélriaux
non-métalliques — Partie 203: Essais généraux <~\Mesure des dimensions extérieures

IEC §0811-401, Cables électriques et a fibres optiques — Méthodes d’essai pour les matéfriaux
non-métalliques — Partie 401: Essais divers — Méthodes de vieillissement thermique —
Vieillissement en étuve a air

IEC 60811-501, Cables électriqués et a fibres optiques — Méthodes d’essai pour les matélriaux
non-métalliques — Partie 501.~\Essais mécaniques — Détermination des propriétés mécaniques
des mélanges pour les enveloppes isolantes et les gaines

IEC 60811-502, Cables\électriques et a fibres optiques — Méthodes d’essai pour les matéfriaux
non-métalliques — Partie 502: Essais mécaniques — Essai de rétraction des envelogppes
isolahtes

IEC 60811-504, Cables électriques et a fibres optiques — Méthodes d’essai pour les matéfriaux
non-métdlliques — Partie 504: Essais mécaniques — Essai d’enroulement a basse température
pourlles’enveloppes isolantes et les gaines

IEC 60811-506, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 506: Essais mécaniques — Essai de choc a basse température pour
les enveloppes isolantes et les gaines

IEC 60811-508, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non métalliques — Partie 508: Essais mécaniques — Essai de pression a température élevée
pour les enveloppes isolantes et les gaines

IEC 60811-509, Céables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 509: Essais mécaniques — Essai de résistance a la fissuration des
enveloppes isolantes et des gaines (essai de choc thermique)
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IEC 60811-510, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 510: Essais mécaniques — Méthodes spécifiques pour les mélanges
polyéthylene et polypropylene — Essai d’enroulement aprés vieillissement thermique dans l'air

IEC 61034 (toutes les parties), Mesure de la densité de fumées dégagées par des cables
bralant dans des conditions définies

IEC TR 61156-1-2 1, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-2: Electrical transmission characteristics and test methods of symmetrical pair/quad
cables (disponible en anglais seulement)
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2012-1:2002, Céables multiconducteurs a paires symétriques et quartes
missions numériques utilisés en environnements séveresy— Partie 1: Spécifig
rique

2153-4-3:2013, Metallic communication cables test methods — Part 4-3: Electromag
atibility (EMC) — Surface transfer impedance — Triaxial method (disponible en an
ment)

2153-4-5, Méthodes d’essai des cablestmeétalliques de communication — Partig
batibilité électromagnétique (CEM) — Affaiblissement d’écran ou de couplage — Méf
pince absorbante

2153-4-9, Méthodes d'essai des-cables métalliques de communication — Partie
batibilité électromagnétique (CEM) — Affaiblissement de couplage des cébles symétr
ptés, methode triaxiale

2255 (toutes les parties), Cables multiconducteurs a paires symétriques et quartes
Imissions numérique's large bande (réseau d’acces télécommunications numériques a
— Cables pour installations extérieures
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les besoins du présent document, les termes et définitions suivants s’appliquent.

L’'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

T 1

EC TR 61156-1-2 est censée devenir une TS en 2023.
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3.1

déséquilibre de résistance

différence de résistance entre conducteurs dans une paire ou un circuit d’'une quarte, ou entre
paires ou quartes

Note 1 a l'article: Le déséquilibre de résistance est exprimé en pourcentage (%).

3.2

capacité mutuelle

parameétre de stockage de charge électrique d’une paire de conducteurs (ou d’'un méme circuit
d’'une quarte)

Note 1 a l'article: La capacité mutuelle est I'un des quatre parameétres primaires d’'une ligne de transmission:
capac|té mutuelle, inductance mutuelle, résistance et conductance.

Note 4 a I'article: La capacité mutuelle est exprimée en pF/m.

3.3
déséjquilibre de capacité par rapport a la terre
différlence arithmétique de capacité par rapport a la terre des conducteufs d’'une paire oujd’'un
méme circuit d’'une quarte

Note 1 a I'article: Le déséquilibre de capacité est exprimé en pF/m.

3.4
écran
couche conductrice continue ou ensemble de couches‘conductrices ayant pour fonctign de
réduire la pénétration d’'un champ électrique, magnétique ou électromagnétique dans| une
région déterminée

[SOURCE: IEC 60050-195:2021,195-02-37,-modifié, "couche conductrice continue ou
ensemble de couches conductrices ayant pour fonction de réduire" a remplacé "dispositif
destiné a réduire"]

3.5
symetriseur
dispgsitif fournissant une transformation d’impédance entre des composants symétriques et
asymlétriques

[SOURCE: ISO/IEC 11801-4:2017, 3.1.2]

3.6
sans| symétriseur
symdtriseur~wirtuel remplagant les transformateurs physiques, obtenu par un algorithme
mathgmatique et calculé a partir de paramétres a constantes localisées ou d’un résedu de
parametrés a constantes réparties

3.7

impédance de transfert

Z7

quotient de la tension longitudinale d’'un cable uniforme électriquement court, induite dans le
circuit extérieur, formé par I’écran en essai et le gabarit de mesure, et du courant injecté dans
le circuit intérieur, le cable en essai proprement dit ou vice versa, rapporté a l'unité de longueur

Note 1 a I'article: L'impédance de transfert est exprimée en mQ/m.

[SOURCE: IEC 62153-4-3:2013, 3.3, modifié, "d’'un cable uniforme électriquement court" a été
ajouté, "circuit extérieur" a remplacé "circuit extérieur adapté", "le cable en essai proprement
dit" a été ajouté, "rapporté a I'unité de longueur" a remplacé "(voir Figure 1)"]
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3.8

affaiblissement de couplage

dc

pour un cable symétrique écranté, somme des effets de 'affaiblissement de symétrie, q|), de la

paire

Note 1

symeétrique et de I'affaiblissement d’écran, ag, de I'écran du céble en essai

a l'article: Pour les dispositifs électriquement longs, c’est-a-dire au-dela de la fréquence de coupure,
I'affaiblissement de couplage, a., est défini comme le rapport logarithmique de la puissance d’alimentation, P,, et

des valeurs maximales périodiques de la puissance couplée, P dans le circuit externe.

r, max’

Note 2 a I'article: L’affaiblissement de symétrie est exprimé en dB.

[SOURCE: IEC 62153-4-7:2021, 3.4, modifié, "cable" a remplacé "dispositif", "somm¢g des
effet$" a remplacé "somme", la Note 2 a été ajoutée]

3.9

courpnt maximal admissible

courant maximal qu’un circuit de cable (un ou plusieurs conducteurs) peut.supporter ave¢ une
augnpentation spécifiée de la température de surface du conducteur au-dela de la température
ambipnte, et ne dépassant pas la température maximale de fonctionnement admissible du ¢able
3.10

vitesse de propagation

viteslse de phase

vitesse a laquelle un signal sinusoidal se propage sur une paire dans le cable

Note 1 a l'article: La vitesse de propagation est exprimée en \m/s.

3.1

temps de propagation de phase

tempk de propagation

duré¢ entre les instants ou le front d’'onde d’une onde progressive sinusoidale, définie pal une
phasg spécifiée, passe en deux points-spécifiés dans un cable

Note 1 a l'article: Le temps de propagation de phase est exprimé en s/m.

3.12

temps de propagation_différentiel

distgrsion

diffélence en temps(de propagation de phase entre deux paires quelconques dans le cable
Note 1 a I'article; S“Le temps de propagation différentiel (distorsion) est exprimé en s.

3.13

affaiblissement

dimirjution en grandeur de la puissance d’un signal qui se propage le long d’'une paire|d’un
cable

Note 1 a I'article: L’affaiblissement est exprimé en dB/m.

3.14

température ambiante
température de la piéce ou de I'espace dans lequel se trouve le cable

Note 1 a l'article: La température ambiante est exprimée en degrés Celsius (°C).
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3.15
température de fonctionnement
température a la surface du conducteur du céble

Note 1 a l'article: La température de fonctionnement du céble est la somme de la température ambiante et de
I'augmentation de température causée par la puissance transportée.

Note 2 a l'article: La température de fonctionnement est exprimée en degrés Celsius (°C).

3.16

affaiblissement de symétrie
UA

rapport logarithmique de la puissance en mode différentiel a la puissance en mode conimun
dans|une ligne symétrique, oui vice versa

Note 1 a l'article: L’affaiblissement de symétrie est exprimé en dB.

Note 3 a l'article: L’affaiblissement de symétrie est aussi souvent appelé perte de convérsion: TCL (pefte de
convefsion transverse), TCTL (perte de transfert de conversion transverse), LCL (perte de conversion longitud|nale),
LCTL [perte de transfert de conversion longitudinale), EL TCTL (perte de transfert de conyersion transverse a fiveau
égal) ¢t EL LCTL (perte de transfert de conversion longitudinale a niveau égal).

Note § a l'article: L’abréviation "UA" est dérivée du terme anglais développé correspondant "Unbalance
Attenyation"”.

3.17
perteé de conversion transverse
TCL
rappTrt logarithmique de la puissance du circuit en mode différentiel a 'extrémité proche gt de
la pujssance de couplage en mode commun mesuréé a I'extrémité proche

Note 1 a I'article: L’abréviation "TCL" est dérivée du, terme anglais développé correspondant "Trangverse
Convgrsion Loss".

3.18
perte de transfert de conversion transverse a niveau égal
EL TCTL

mesyre de sortie a sortie du ‘rapport logarithmique de la puissance du circuit en mode
différlentiel a I'extrémité proche'et de la puissance de couplage en mode commun mesufée a
'extrgmité éloignée

Note 1 & I'article: EL TCTL est calculée par la différence entre la TCTL mesurée et les pertes d’insertion enfmode
différgntiel de la paire perturbée.

Note 3 a I'article: [abréviation "EL TCTL" est dérivée du terme anglais développé correspondant "Equal|Level
Transyerse Conyersion Transfer Loss".

3.19
paragiaphonie
NEX]
grandeur de la puissance d’un signal d’une paire perturbatrice a I’extrémité proche induite dans
une paire perturbée mesurée a I'extrémité proche

Note 1 a I'article: La paradiaphonie est exprimée en dB.

Note 2 a I'article: L’abréviation "NEXT" est dérivée du terme anglais développé correspondant "Near-End
CROSSTalk".

3.20

télédiaphonie

FEXT

grandeur de la puissance d’un signal d’'une paire perturbatrice a I'’extrémité proche induite dans
une paire perturbée mesurée éloignée

Note 1 a I'article: La télédiaphonie est exprimée en dB.
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Note 2 a l'article: L’abréviation "FEXT" est dérivée du terme anglais développé correspondant "Far-End
CROSSTalk".

3.21

sommation en puissance de la diaphonie

PS

sommation de la puissance de diaphonie de toutes les paires perturbatrices vers une paire
perturbée

Note 1 a I'article: La sommation est applicable a la paradiaphonie et a la télédiaphonie.

Note 2 a I'article: La sommation en puissance de la diaphonie est exprimée en dB.

Note 3 a I'article: L’abréviation "PS" est dérivée du terme anglais développé correspondant "Power Sum*.

3.22
rappprt affaiblissement a diaphonie, en extrémité éloignée

ACR{F

différlence arithmétique entre la télédiaphonie et I'affaiblissement d’'une paire perturbée

Note 1 a l'article: Le rapport affaiblissement a diaphonie, en extrémité éloignée, est.exprimé en dB.

Note 3 a l'article: L’abréviation "ACR-F" est dérivée du terme anglais développé correspondant "Attenuafion to
Crosstalk Ratio, Far-end".

3.23
paragiaphonie exogéne (due aux cables voisins)
ANEKT

paradliaphonie ou les paires perturbatrice et pertarbée sont contenues dans des cables
diffénents

Note 1 a l'article: La paradiaphonie exogéne (due aux.¢ables voisins) est exprimée en dB.

Note 4 a I'article: L’abréviation "ANEXT" est dérivée du terme anglais développé correspondant "Alien (exoggnous)
Near-End CROSSTalk".

3.24

télédiaphonie exogéne (due aux_cables voisins)
AFEXT

télédjaphonie ou les paires perturbatrice et perturbée sont contenues dans des cables différents

Note 1 a l'article: La télédiaphonie exogéne (due aux cables voisins) est exprimée en dB.

Note 3 a l'article: L’abréviation "AFEXT" est dérivée du terme anglais développé correspondant "Alien (exoggnous)
Far-Emd CROSSTalk!:

3.25
télédiaphonie exogéne (due aux cables voisins)
AACR-E

télédiaphanie ol les paires perturbatrice et perturhée sont contenues dans des cables différents

Note 1 a I'article: La télédiaphonie exogéne (due aux cables voisins) est exprimée en dB.

Note 2 a l'article: L’abréviation "AACR-F" est dérivée du terme anglais développé correspondant "Attenuation Alien
(exogenous) Crosstalk Ratio at the Far end".

3.26

sommation en puissance de la paradiaphonie exogéne (due aux cables voisins)

PS ANEXT

sommation de la puissance de paradiaphonie exogéne (due aux cables voisins) de toutes les
paires perturbatrices induite vers une paire perturbée dans des cables différents

Note 1 a I'article: La sommation en puissance de la paradiaphonie exogéne (due aux cables voisins) est exprimée
en dB.
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Note 2 a l'article: L’abréviation "PS ANEXT" est dérivée du terme anglais développé correspondant "Power Sum of
Alien (exogenous) Near-End CROSSTalk".

3.27

sommation en puissance de la télédiaphonie exogéne (due aux cables voisins)

PS AACR-F

sommation de la puissance de diaphonie exogéne (due aux cables voisins) de toutes les paires
perturbatrices induite vers une paire perturbée dans des cables différents

Note 1 a l'article: La sommation en puissance de la télédiaphonie exogéne (due aux cables voisins) est exprimée
en dB.

Note 23 r Sum

of Align (exogenous) Far-end CRosstalk".

d

3.28
impédance caractéristique
Zc
impédance a I'’entrée d’une ligne homogéne de longueur infinie

Note 1 al'article: valeur d’'impédance exprimée en Q, calculée, aux fréquences appropri€es, comme la racine garrée
du prqduit de I'impédance mesurée a I'extrémité proche (entrée) d’une paire de_cébles, I'extrémité éloignéd étant
terminée d’abord par un circuit ouvert, puis par un court-circuit.

Note 4 a l'article: La valeur asymptotique aux hautes fréquences est dénotée,Z .

Note 3 a l'article: L’impédance caractéristique d’'une paire homogéne'de cables est donnée par le quotient|d’une
onde ¢le tension et d’'une onde de courant qui propagent dans le méme sens, soit en avant, soit en arriere.

Note 4 a I'article: Pour les cables idéaux homogénes, cette méethode d’essai rapporte une courbe lisse plate|sur la
plage [de fréquences entiere. Les cables réels comportant dessdéformations donnent des courbes irréguliéres

3.29
impéddance d’entrée adaptée
Zin
valeyr d'impédance, exprimée en Q, auxfréquences appropriées, mesurée a I’extrémité proche

(entrge) quand I'extrémité lointaine @st terminée avec I'impédance nominale du systéme, [Zp

3.30
impédance caractéristique ajustée
Zm
valeyr d'impédance, exprimée en Q, calculée au moyen d’un algorithme utilisant la fonction des
moinfdres carrés appliquée aux valeurs de I'impédance caractéristique mesurée

3.31
impédance-caractéristique moyenne
Ze
valedr asymptotique vers laquelle tend I'impédance caractéristiqgue aux hautes fréguences
(= 100 MHz) et telle que la partie imaginaire (angle de phase) soit insignifiante

Note 1 a l'article: Normalement mesurée a partir de la capacité et du décalage de temps.

Note 2 a l'article: Applicable aux cables avec indépendance en fréquence de la capacité mutuelle.

3.32

affaiblissement de réflexion

RL

rapport de la puissance réfléchie a la puissance d’entrée aux bornes d’entrée d’'une paire d’un
cable

Note 1 a I'article: L’affaiblissement de réflexion est exprimé en dB.

Note 2 a l'article: L’abréviation "RL" est dérivée du terme anglais développé correspondant "Return Loss".
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3.33

cable en faisceau
groupage ou réunion de plusieurs cables élémentaires qui sont systématiquement rassemblés

Note 1 a l'article: Les assemblages de cables se réferent aussi aux faisceaux avec attaches rapides, et
cables sanglés entre eux.

3.34

téléalimentation
fourniture d’énergie a des équipements spécifiques a I'application par un cablage symétrique

divers

lissé
nt la
tels

I lissé
arties

e soit

aleur
passe
pburant

[SOUREEISOHEEC 5294252043151

3.35

trés passe tension de sécurité

TBTS

tensipn n’excédant pas 50 V efficaces en courant alternatif ou 120 V en courant continu
entrg conducteurs ou entre un conducteur quelconque et la terre dans™un circuit do
sépafation galvanique du réseau d’alimentation électrique est assurée(par des moyens
qu’un transformateur a enroulements séparés

Note 1 a I'article: Une tension maximale inférieure a 50 V en courant alternatif ou 120 V en courant contin
peut gtre spécifiée dans des exigences particuliéres, plus spécialement lofsque le contact direct avec des {
activep est possible.

Note 4 a I'article: Lorsque la source est un transformateur de sécurité, il convient que la limite de tension 1
pas d¢passée a toute charge comprise entre la pleine charge et alvide.

Note 3 a I'article: "Lissé" se dit par convention d’'une tensign en courant continu lorsque le rapport de la
efficage de I'ondulation a la composante continue ne dépasse'pas 10 %. La valeur de créte maximale ne dé
pas 140 V pour un systeme en courant continu lissé de tension nominale 120 V et 70 V pour un systéme en ¢
continu lissé de tension nominale 60 V.

3.36

température de fonctionnement continu

coT

tempgrature maximale qui assure |la stabilité et I'intégrité du matériau pendant la durée de vie

préviie de I’équipement, ou de.Jarpiece, dans I'application prévue

Note
Temp

3.37
cara
carag

3.38
effet

al’article: L’abréviation "COT" est dérivée du terme anglais développé correspondant "Continuous Ope
brature”.

ctére hygroscopique
téristique,d’'un matériau a absorber ’humidité de 'atmosphére

rating

devmeéche

écou

ement longitudinal d’un liquide dans un matériau d0 a I'action de capillarite

4 Considérations d’installation

Les cables doivent étre congus pour satisfaire aux conditions d’installation rencontrées dans
chaque zone, comme suit.

a) C

ables d’équipement

Cables utilisés entre les postes de travail et les équipements périphériques (par exemple
imprimante).

b) C
c

ables de zone de travail
ables utilisés entre le poste de travail et les prises de télécommunications.
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c)

d)

e)

NOTE| Le document connexe est I'|[EC 60364-7-716.
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Cables capillaires

Cables utilisés entre la prise de télécommunications de la zone de travail et le coffret de
télécommunications.

Cébles de colonne et cables de dorsale d'immeuble
Cables utilisés pour installation horizontale ou verticalement entre étages.
Cables de campus

Céables utilisés pour interconnecter des batiments et devant étre appropriés pour installation
extérieure. Les cables doivent étre gainés et protégés conformément a I'lEC 62255 (toutes
les parties).

Fpurniture d’énergie

Plour les cables fourniture d’énergie utilisant uniquement des systémes TBFS\.pour la
tgléalimentation, la COT doit étre prise en compte.

Matériaux et construction du cable

Remarques générales

Le cHoix des matériaux et de la construction du cable doit convenir'a 'application et I'installfation
envigagées pour le cable. Il convient de tenir compte de toutes les exigences spéciales relgtives

a la CEM (compatibilité électromagnétique), la tenue au,fewou la TBTS.

5.2

5.2

| Généralités

Constructions du cable

La construction des cables doit étre conforme aux détails et aux dimensions donnés dajns la

spécification particuliére applicable.

5.2
Le

propliétés du cuivre doivent(étre en conformité avec I'lEC 60028.

.2 Conducteur

cpnducteur doit étre en cuivre recuit, de qualité uniforme et exempt de défauts| Les

Le conducteur peut étrexmassif ou cablé. Le conducteur massif doit étre de section circylaire
et pelut étre nu ou avec'revétement métallique. Le conducteur massif doit étre tréfilé d’un seul
tenant. Des soudlres sur le conducteur massif sont permises, pourvu que la résistancqg a la
rupture d’une sgudure ne soit pas inférieure a 85 % de la résistance a la rupture d’'un condugteur

sans|soudure.

Le cqanducteur cablé doit étre constitué de brins de section circulaire et sans isolation entrg eux,

assembles en r‘nnr‘nnfriqnn ou en tordon

NOTE L'utilisation de tordon n’est pas recommandée pour I'application de connexion par déplacement d’isolant
(IDC).

Les brins élémentaires du conducteur peuvent étre nus ou avec revétement métallique.

Des soudures sur les brins élémentaires sont permises, pourvu que la résistance a la traction
d’'une soudure ne soit pas inférieure a 85 % de la résistance a la rupture d’un brin élémentaire
sans soudure. Des soudures sur le conducteur cablé complet ne sont pas permises sauf
dérogation dans la spécification particuliére applicable.

Le conducteur des cables de zone de travail et des cables d’équipement peut étre constitué
d’un ou plusieurs éléments de rubans minces en cuivre ou alliage de cuivre qui doivent étre
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appliqués en hélice sur une méche fibreuse. Des soudures sur I'élément complet ne sont pas
permises.

5.2.3 Isolation

5.2.3.1 Exigences générales

L’enveloppe isolante du conducteur est composée d’un ou plusieurs matériaux diélectriques
appropriés. L’isolation peut étre massive, cellulaire ou composite (par exemple une couche
cellulaire sous une couche massive).

L’eny eloppe Isolante doit etre continue et d'epaisseur uniforme.

L’enveloppe isolante doit étre appliquée de fagon a adhérer étroitement au conducteur.

Les qonducteurs isolés peuvent étre identifiés par couleurs, marquage additionnel par annfeaux
ou symboles obtenus en utilisant une enveloppe isolante colorée ou par celoration en sufface
a pdrtir d’extrusion, d’impression ou de peinture. Les couleurs dagjvéent étre facilgment
identjfiables et doivent correspondre raisonnablement aux couletlrs de référence de

I'EC(60304.

5.2.3.2 Code de couleurs

Le cpde de couleurs de I'enveloppe isolante est donné)dans la spécification particdliére

applicable.

5.2.
5.2.

L’élément de cable est:

j Elément de cable
1

Généralités

upe paire constituée de deux “conducteurs isolés torsadés ensemble et deésignes
réspectivement comme conducteur "a" et conducteur "b"; ou

uphe quarte constituée de.(quatre conducteurs isolés torsadés ensemble et désignés
rgspectivement comme conducteur "a", conducteur "c", conducteur "b" et conducteur "d",
dans l'ordre de rotation.

Le choix de la longueur’moyenne maximale du pas dans le cable terminé doit étre effectyé eu
égar@l aux exigences’ spécifiées pour la diaphonie, au comportement en manipulation|et a

I'intégrité de la paire ou de la quarte.

NOTE| La formation de I’élément avec un pas variable peut conduire & un pas maximal dépassant la valeur spégifiée,

situatipn péu fréquente, mais acceptable.

5.2.4.2~" Ecran de ’élément de cable

Lorsqu’un écran est exigé sur la paire ou la quarte, il peut comporter ce qui suit:

a)
b)

c)
d)

un ruban métallique contrecollé a un ruban plastique;

un ruban métallique contrecollé a un ruban plastique et un fil de continuité en cuivre nu ou
avec revétement métallique par lequel le ruban métallique est en contact avec le fil de
continuité;

une tresse métallique;

un ruban métallique contrecollé a un ruban plastique et une tresse métallique.

Il convient de considérer des revétements ou d’autres méthodes de protection pour empécher
toute interaction galvanique lorsque des matériaux dissemblables sont mis en contact les uns
avec les autres.
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Un rubanage de protection peut étre appliqué soit sous I'écran, soit sur celui-ci ou encore les

deux

5.2.5

a la fois.

Constitution du cable

Les éléments de cable peuvent étre assemblés en couches concentriques ou en faisceaux.
L’assemblage peut étre protégé par un rubanage non hygroscopique, exempt d’effet de méche.

NOTE

1 Des bourrages peuvent étre utilisés pour maintenir une formation circulaire.

NOTE 2 La formation de I'élément avec un pas variable peut conduire a un pas maximal dépassant la valeur

spécif
5.2.6

Les 4
mise

a)

b)

c)
d)

C OwWcCc C O Cc OC

e)

Un rd

de pgrformance, par exemple rigidité diélectrique.

Il cor
toute
avec

Un ry
deux

5.2.7

La gaine doit étre constituée d’'un matériau polymere.

La gaine doit étre continue et d’épaisseur uniforme.

e _situation peu fréquente mais acceptable

Ecran d’assemblage

[éments du cable peuvent comporter un écran faisant partie du systéme de.-blindage
a la terre du cablage. Conception possible:

h ruban métallique contrecollé a un ruban plastique qui peut étre collé a la gaine
kemple structure F/UTP;

h ruban métallique contrecollé a un ruban plastique et un fil dercontinuité en cuivre 1
vec revétement métallique par lequel le ruban métallique _esb en contact avec le
bntinuité, par exemple structure F/UTP;

he tresse métallique, par exemple structure S/UTP;

ructure SF/UTP;

N ruban en cuivre nu ou en aluminium, par exemple structure F/UTP.

ban métallique non contrecollé est également admissible s’il peut satisfaire aux exigg

vient de considérer des revétements ou d’autres méthodes de protection pour empé
interaction galvanique lorsque-des matériaux dissemblables sont mis en contact le
les autres.

banage de protection peut étre appliqué soit sous I'écran, soit sur celui-ci ou encor
a la fois. L’Annexe A énumeére les conceptions habituelles et leurs dénominations.

Gaine

et de

, par

uou
fil de

h ruban métallique contrecollé a un ruban plastique’et tne tresse métallique, par exemple

nces

bcher
5 UNs

e les

Akl

La g
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s le

cas des cables avec écran, la gaine ne doit pas adhérer a I'écran sauf lorsqu’elle est
intentionnellement collée a lui.

La couleur de la gaine peut étre spécifiée dans la spécification particuliere applicable.

5.2.8

5.2.8

Identification

A Marquage de cable

Chaque longueur de cable doit porter le nom du fournisseur et le type de cable et, lorsqu’elle
est fournie, 'année de fabrication en utilisant 'une des méthodes suivantes:

a) des filins colorés ou rubans;

b) un ruban imprimé;
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c) une impression sur le rubanage de 'assemblage;
d) un marquage sur la gaine.

Des marquages supplémentaires, par exemple tension maximale, température assignée, etc.
peuvent étre stipulés sur la gaine comme indiqué dans la spécification particuliere applicable.

5.2.8.2  Etiquetage

Les informations suivantes doivent étre fournies, soit sur une étiquette annexée a chaque
longueur de cable terminé, soit a I'extérieur de I'emballage du produit:

a) ldtype de cable;
b) lg nom du fournisseur ou son logo;
c) l'année de fabrication;

d) 14 longueur du cable en metres.
5.2.9 Cable terminé

Le c3jble terminé doit avoir une protection adéquate pour le stockage'et’expédition.

6 Caractéristiques et exigences

6.1 Remarques générales — Configurations d’essai

Sauf| spécification contraire, tous les essais doivent étre réalisés en présumant qie la
tempgrature de fonctionnement est de 20 °C. Lartempérature du cable doit étre stabiligée a
20 °¢ et le signal d’essai doit étre suffisamment faible pour éviter toute augmentation de
tempgrature.

NOTE| Un échauffement est prévu lors des essais pour l'application du cable dans les installations de
téléalimentation.

Les g¢xigences calculées, arrondies:a une décimale, doivent étre utilisées pour détermirfer la
confgrmité.

Les gonfigurations d’essai typiques pour I'éprouvette sont les suivantes:

sposée sur une.surface non métallique a 25 mm au moins d’'une surface conductricsg;

d
b) maintenue en portées aériennes de sorte qu’il y ait une séparation minimale de 25 mm entre
enproulements;

e

nroulée.en une seule hélice a spires non serrées sur un touret avec 25 mm au moins entre
tqurs;

Les (nnfignmfinnq a), h) et r‘) ne sont pas nécessaires pour les cables avec écran

Les paramétres de capacité mutuelle, diaphonie, impédance caractéristique et affaiblissement
présentent quelquefois des valeurs mesurées jusqu’a 10 % plus élevées lorsque le cable est
mesuré dans son emballage. Cette différence se produit du fait d’'un conditionnement dense et
serré, et d’'un effet entre spires. L’emballage en caisse peut également affecter négativement
les caractéristiques du cable affaiblissement de réflexion, diaphonie et impédance
caractéristique, avec rétablissement total ou partiel des performances du cable aprés
installation.

En cas de doute, les mesures de capacité mutuelle, impédance, affaiblissement et diaphonie
doivent étre effectuées sur un échantillon de cable retiré de son emballage.

Les procédures de mesure pour la diaphonie exogéne (due aux cables voisins) spécifient les
configurations d’essai spéciales pour le montage des cables.
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Il convient d’utiliser les résistances de terminaison en mode différentiel et en mode commun
pour équiper les paires inactives et les extrémités opposées des paires actives pour les essais
de paradiaphonie et de télédiaphonie (voir Figure 1). Pour les cables ayant une impédance
nominale (Zy;;;) de 100 Q, I'impédance en mode commun (Z,,,,) est égale a:

— environ 75 Q pour les cables a paires sans écran contenant jusqu’a 25 paires;

— environ 50 Q pour les cables a paires avec écran collectif et pour les cables a paires sans
écran contenant plus de 25 paires;

— environ 25 Q pour les cables a paires écrantées individuellement.

que
bdance en mode différentiel (Zy;) et I'impédance en mode commun (Z,,,) de I'éprouvette
soier|t adaptées respectivement par le symétriseur et 'analyseur de réseau vectorieh(ou des
instruments équivalents).

Mais|en pratique, sachant que I'analyseur de réseau vectoriel (ou I'instrument‘equivalent) tilisé
pour|la mesure est équipé d’accés 50 Q en général et que I'impédance envmode commyn du
symdtriseur est également de 50 Q, I'impédance en mode commun de/laterminaison doif étre
de 50 Q, sauf spécification contraire. Cela permet de simplifier les mesures lorsque I'impédance
en mpde commun de I'éprouvette varie de 25 Q a 75 Q.

Zgm = Zgif | 2

IEC

Légerjde

est la résistance de terminaison en mode différentiel (Q)
est la résistance de terminaison*én.mode commun (Q)
est I'impédance du cable en moede différentiel (Q)

Z est I'impédance du cable en mode commun (Q)

Figure 1 — Résistances de terminaison pour les mesures avec symétriseur

L'IEG TR 61156~1-2 fournit les valeurs des résistances de terminaison pour les mesures [sans
symdtriseur.

6.2 | .Caractéristiques électriques et essais

6.2.1 Résistance du conducteur

La mesure de la résistance du conducteur doit étre conforme a I'lEC 60189-1:2018, 8.1.

NOTE L’IEC TR 61156-1-6 fournit des informations générales concernant la résistance.
6.2.2 Déséquilibre de résistance
6.2.2.1 Exigence générale

La mesure du déséquilibre de résistance et la précision de I’équipement de mesure doivent étre
en conformité avec I'lEC 60708.

NOTE L’IEC TR 61156-1-6 fournit des informations générales concernant le déséquilibre de résistance.
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6.2.2.2 Déséquilibre de résistance dans une paire

Le déséquilibre de résistance entre conducteurs d’une paire ou d’un méme circuit d’'une quarte
est donné par:

R —R..
AR:—( max Rm'”)x100% (1)
(Rmax +Rmin)
ou
AR est le déséquilibre de résistance entre conducteurs (%);

Rax| estla résistance pour le conducteur ayant la valeur de résistance la plus gleveée ({);
Rmin| estlarésistance pour le conducteur ayant la valeur de résistance la plas, faible (Q).
6.2.2.3 Déséquilibre de résistance entre paires

Le d¢séquilibre de résistance entre paires ou entre circuits de quartes est donné par:

ARP,;k _ Rmaxi>< Rmini (Rmaxk + Rmink ) - Rmaxkx Rmink (Rmaxi + Rmini )| «100% (2)

max i X Remin i (Rmax K+ Rin & ) + Rnax & % Rntinl & (Rmaxi + Ronin i

ou
ARP;|,  estle déséquilibre de résistance entré’la paire i et la paire k (%);
Rnax|  estlarésistance du conducteur ayant la valeur de résistance la plus élevée d'une paire
(Q);
min est la résistance du conducteur ayant la valeur de résistance la plus faible d’une paire
(Q);

i,k ifkoui=1anetk=1ampourn =nombre de paires.

R

6.2.3 Rigidité diélectrique
Cettd mesure doit,étre effectuée avant la mesure de la résistance d’isolement décrit en 6|2.4.
La mesure de\la rigidité diélectrique doit étre en conformité avec I'lEC 61196-1-105 pntre

condlcteursyoentre les conducteurs et I'écran (le cas échéant) et entre les écrans (lg cas
échépnt)!

NOTE Cet essai permet de s’assurer que la sécurité n’est pas compromise dans les installations de
téléalimentation.

6.2.4 Résistance d’isolement

Cette mesure doit étre effectuée aprés I'essai de rigidité diélectrique décrit en 6.2.3.

La mesure de la résistance d’isolement entre conducteurs, conducteur/écran et écran/écran
doit étre conforme a I'lEC 60189-1:2018, 8.3. La tension d’essai doit étre comprise entre 100 V
et 500 V en courant continu, sauf indication contraire dans la spécification particuliére.

6.2.5 Capacité mutuelle

La mesure de la capacité mutuelle des paires dans un cable multipaire ou a quartes doit étre
conforme a I'lEC 60189-1:2018, 8.4.
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6.2.6 Déséquilibre de capacité par rapport a la terre

La mesure du déséquilibre de capacité dans un cable multipaire ou a quartes doit étre conforme
a'lEC 60189-1:2018, 8.5.

Le déséquilibre de capacité par rapport a la terre d’'une paire ou d’un circuit d’'une quarte est
donné par:

ACy = Cy—Cy (3)

ACy | estle déséquilibre de capacité de la paire par rapport a la terre (pF/km);

o est la capacité entre le conducteur "a" et le conducteur "b" avec le.conducteyr "b"
connecté a tous les autres conducteurs, a I’écran (s’il existe) et a laxterre (pF/km);
Cs est la capacité entre le conducteur "b" et le conducteur "a" @avec le conducteyr "a"
connecté a tous les autres conducteurs, a I'écran (s’il existe)et*a la terre (pF/km).
Le ré&sultat d’essai de déséquilibre de capacité par rapport a la fesre doit étre corrigé:
— ppur le déséquilibre paire-terre et réel-terre par:
1000
ACq = Creas X7 (4)
L
ou
ACq est le déséquilibre de capacité'par rapport a la terre (pF/km);
Cmeak  ©st la capacité mesurée (pE/km);
L est la longueur du cablejen essai (m).

Si cdla est exigé, le résultat d’essai de déséquilibre de capacité pour le déséquilibre gntre
pairejs et réel-réel doit étre spécifié dans la spécification particuliére.

6.2.7 Impédance-de transfert

L'impédance/dé. transfert doit é&tre mesurée conformément a I'lEC 62153-4-3. Tous les é¢rans
doivgnt étreconnectés ensemble aux extrémités de I’éprouvette. L'impédance de transferf doit
étre mesurge sur toute la plage de fréquences indiquée dans la spécification intermédliaire
applicable.

6.2.8 Affaiblissement de couplage

La méthode d’essai de I'affaiblissement de couplage doit se faire conformément a I'lEC 62153-
4-5 ou I'lEC 62153-4-9. Tous les écrans doivent étre connectés ensemble aux extrémités de
I’éprouvette. L’affaiblissement de couplage de toutes les paires dans I'éprouvette doit étre
mesuré sur toute la plage de fréquences indiquée dans la spécification intermédiaire applicable.

L'IEC 62153-4-9 doit étre la méthode d’essai de référence pour résoudre les doutes ou les
litiges.
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6.2.9

Courant maximal admissible

Si cela est exigé, la méthode d’essai du courant maximal admissible est décrite dans
I'IEC 61156-1-4. Comme le courant maximal admissible est déterminé de maniére significative
par les conditions d’installation, il convient de prendre en compte les recommandations

géné

rales de I'ISO/IEC TS 29125.

NOTE La section minimale des conducteurs (résistance maximale) est utilisée dans le calcul de chaque cable
considéré pour son courant maximal admissible, car les livraisons par lots peuvent varier.

6.3 Caractéristiques de transmission
6.3.1 Exigences générales
Les mesures de transmission sont effectuées en condition équilibrée, avec équipement de
mesyre (analyseur de réseau ou générateur de signal et récepteur) et transformateurs
symdtriseurs pour connecter le cable a I'équipement. Les symeétriseurs, /doivent| étre
séledtionnés pour adapter I'équipement d’essai a I'impédance nominale du cable et ddivent
avoir|les caractéristiques de fonctionnement appropriées données dans le Tableau 1.
Tous| les essais doivent étre effectués sur I'ensemble de la plage defréquences spécifige et
aux mémes points de fréquence de la procédure d’étalonnage. Un étalonnage complet des
2 acgeés doit étre effectué pour obtenir la meilleure précision etlily)convient que la longuepr du
cablg pour un étalonnage complet soit aussi courte que possible.
Tous|les essais doivent étre effectués dans les deux sehns ou aux deux extrémités.
Une falternative a la méthode de mesure avec symétriseur est la méthode de mesure [sans
symdtriseur qui est spécifiee dans I'lEC TR 6%156-1-2. Pour les fréquences supérieufes a
1 GHz, la méthode de mesure sans symétriseth est recommandée.
La lohgueur du cable en essai doit étre ggale a 100 m, sauf spécification contraire.
6.3.2 Vitesse de propagation (vitesse de phase)
La v|tesse de propagation doit’étre déterminée en fonction de la vitesse angulaire et la
constante de phase.
Le sghéma de I’équipément d’essai est donné a la Figure 2.
La vitesse de prOopagation est donnée par:
@ 21
= () _ 27 (5)
By B

ou

Vi)
B
o 1)

est la fréquence (Hz);

est la vitesse de phase a la fréquence f (m/s);

est la constante de phase (rad/m);

est la vitesse angulaire.
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Aux hautes fréquences, la vitesse de propagation du cable est approximativement constante,
de sorte que la vitesse de phase peut étre évaluée par la vitesse de groupe pour faciliter la
mesure. Lorsque des signaux a composantes de fréquences multiples se propagent le long d’un
cable, si ces fréquences sont trés proches et que leurs différences sont beaucoup plus petites
que la fréquence centrale, la vitesse de groupe est déterminée a l'aide de la Formule (6). Af
est I'intervalle de fréquence pour lequel la phase du signal de sortie présente une rotation de

2n ra

dians par rapport au signal d’entrée:

V(G) = LXAf

(6)

ou

(G)

Af

Afin
rotat

est la vitesse de groupe (m/s);

est la longueur du cable en essai (m);
est l'intervalle de fréquence (Hz).

d’évaluer Af avec suffisamment de précision, la différence dg fréquence, Af’, p
ons de 2z radians peut étre mesurée comme:

Af=Af"|n
ou
Af est I'intervalle de fréquence (Hz);
Af est la différence de fréquence pout’n rotations(Hz);
n est le nombre de rotations < 10}
L'IEG TR 61156-1-2 fournit des informations détaillées de la vitesse de phase et de la vif
de grnoupe.
6.3.3 Temps de propagation de phase et temps de propagation différentiel
(distorsion)
Le temps de propagation de phase est déterminé a partir de la vitesse de phase:

pur n

(7)

esse

(8)

ou
T

v

L

est le temps de propagation de phase (s);
est la vitesse de phase (m/s);

est la longueur du cable en essai (m).
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