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MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 10: Cables for cords with transmission characteristics
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ational co-operation on all questions concerning standardization in the electrical and_electronic f
bnd and in addition to other activities, IEC publishes International Standards, Technical Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereaftet)referred to

Cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee i
P subject dealt with may participate in this preparatory work. International, governmental 4
nmental organizations liaising with the IEC also participate in this preparation. IEC collaborate
the International Organization for Standardization (ISO) in accordancejwith conditions deterr]
ment between the two organizations.

brmal decisions or agreements of IEC on technical matters expressj.as nearly as possible, an inte
ensus of opinion on the relevant subjects since each technical-Committee has representation
sted IEC National Committees.

Publications have the form of recommendations for intefpational use and are accepted by IEC
hittees in that sense. While all reasonable efforts are.made to ensure that the technical contef
Cations is accurate, IEC cannot be held responsible)for the way in which they are used of
terpretation by any end user.

Her to promote international uniformity, IEC National Committees undertake to apply IEC Pul
parently to the maximum extent possible in\ their national and regional publications. Any di
ten any IEC Publication and the corresponding national or regional publication shall be clearly ind
tter.

tself does not provide any attestatioh Jof conformity. Independent certification bodies provide c
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent-cériification bodies.

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

hbility shall attach to IEG, or its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property d4
damage of any pature whatsoever, whether direct or indirect, or for costs (including legal f
hses arising out ef/the publication, use of, or reliance upon, this IEC Publication or any o
Cations.

tion is drawn_to the Normative references cited in this publication. Use of the referenced publig
ensable for/the correct application of this publication.

tion iSs drawn to the possibility that some of the elements of this IEC Publication may be the s
t rights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61156-10 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.

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

FDIS Report on voting
46C/1038/FDIS 46C/1042/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 61156 series, published under the general title Multicore and
symmetrical pair/quad cables for digital communications, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended

A bilinqual version of this publication may be issued at a later date.
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MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 10: Cables for cords with transmission characteristics
up to 2 GHz - Sectional specification

1 Scope

C 2016

This pgrt of IEC 61156 describes cables primarily intended for work area cords as_de
ISO/IEC 11801 and in ISO/IEC TR 11801-9901 which is planned to be included~in t

ined in
he next

edition|of ISO/IEC 11801-1. It covers overall screened cables with screened, (X/HTP) or

unscregned (X/UTP) pairs, where X stands for F, S or SF, as well as pairscreened
withoufj overall screen (U/FTP). The transmission characteristics of these gcables are sf
up to al frequency of 2 000 MHz and at a temperature of 20 °C. Two categories of cab
recogn{sed:

— Catpgory 8.1 for use in Class | according to ISO/IEC TR 11801-9901;
— Catpgory 8.2 for use in Class Il according to ISO/IEC TR 11801-9901.

These fcables can be used for various communication channels which use as many
pairs simultaneously.

The caples covered by this International Standard are intended to operate with voltad
currents normally encountered in communication systems. While these cables 3
intenddd to be used in conjunction with low:impedance sources, e.g. the electric
supplies of public utility mains, they are intended to be used to support the delivery
voltagel remote powering applications suchk’ as IEEE 802.3af (Power over Ethernet) or
developments e.g. according to IEEE 802.3at or IEEE 802.3bt. More information

cables
ecified
les are

as four

es and
re not
power
of low
further
on the

capacitly to support these applications according to the installation practices are dfiven in

IEC PAS 61156-1-4, IEC TR 61156~1-6 and ISO/IEC TR 29125.

2 Naormative references

The following documents, in whole or in part, are normatively referenced in this docum
are indjspensable-for'its application. For dated references, only the edition cited appli
undatefl references, the Ilatest edition of the referenced document (includin
amendments) applies.

ent and
es. For

g any

IEC 61[156-1:2007, Multicore and symmetrical pair/quad cables for digital communica

tions —

Part 1: Generic specification
IEC 61156-1:2007/AMD 1:2009

IEC TR 61156-1-2, 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
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IEC TR 61156-1-6, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-6: Exploratory DC-resistance values of floor-wiring and work-area cables for digital
communications

IEC 61156-6:2010, Multicore and symmetrical pair/quad cables for digital communications —
Part 6: Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz —
Work area wiring — Sectional specification

IEC 62153-4-5, Metallic communication cables test methods — Part 4-5: Electromagnetic

compatibility (EMC) — Coupling or screening attenuation — Absorbing clamp method

IEC 6215349 Metallic—ecommurication—cable—t
f

compalibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method

t—methods Part—4-9—FEfleetrompagnetic

CCTTroTTT

3 Terms and definitions

For the| purposes of this document, the terms and definitions defined in IEC 61156-1 apply.

4 Ingtallation considerations

For the| purposes of this document, the respective requirements of IEC 61156-6 apply.

5 Mdterials and cable construction

For the| purposes of this document, the respective requirements of IEC 61156-6 apply.

6 Chlaracteristics and requirements

6.1 General remarks

Clause| 6 lists the characteristics’and minimum requirements of a cable complying with this
standard. Test methods shall be in accordance  with Clause 6 of
IEC 61[156-1:2007/AMD 142009, except that the length of the cable under test shall be as
specifigd below. In addition to all requirements specified in this Clause 6, the two catggories
shall meet all requirements specified for the respective categories in IEC 61156-6:

— Catpgory 8.15Category 64;
— Catpgory<8:27 Category 7,.

NOTE By these requirements it is assured that Category 8.1 is backward compatible to Category 6, and Lategory
8.2 is bakkward compatible to Categary 7/_\

The computed requirements in dB, rounded to one decimal place, shall be used to determine
compliance.

The tests for electrical characteristics according to 6.2 shall be carried out on a cable length
of not less than 100 m, unless otherwise specified.

1 Under consideration.
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The tests for transmission characteristics according to 6.3 shall be carried out on a cable
length of 30 m, unless otherwise specified. The following parameters are proportional to
length and therefore the requirements for 30 m can be calculated from the requirements per
100 m by multiplying by 0,3:

— phase delay and differential delay;

— attenuation.
6.2 Electrical characteristics and tests

6.2.1 Conductor resistance

The m AR wdietar e iatan ot
ATTTTUTTT  CUTTUUULUT rcorotdadiive dadt

100 m of cable.

6.2.2 Resistance unbalance
6.2.2.1 Resistance unbalance within a pair

The registance unbalance shall not exceed 2,0 %.

6.2.2.2 Resistance unbalance between pairs

The palr-to-pair resistance unbalance shall not exceed 5,0, %:.

6.2.3 Dielectric strength
The regpective requirement of IEC 61156-6 applies:

6.2.4 Insulation resistance
The requirement shall apply to:

— conductor/conductor;

— conductor/screen.

The mipimum insulation resistance at or corrected to 20 °C shall be not less than 5 GQtkm.

6.2.5 Mutual capacitance

The regpective requirement of IEC 61156-6 applies.

6.2.6 Capacitance unbalance

The maximum capacitance unbalance pair to ground shall not exceed 1 200 pF/kin at a
frequency of 800 Hz or 1 000 Hz.

6.2.7 Transfer impedance

The respective requirement of IEC 61156-6 applies.

6.2.8 Coupling attenuation

Three performance types for coupling attenuation are recognised. When measured using the
absorbing clamp method (IEC 62153-4-5) or the triaxial method (IEC 62153-4-9), the coupling
attenuation in the frequency range from f= 30 MHz to 2 000 MHz shall meet one of the
requirements indicated in Table 1.
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Table 1 — Coupling attenuation

Coupling attenuation Frequency range Coupling attenuation
type MHz dB
30 to 100 > 85
Type |
100 to 2 000 > 85 — 20 log,, (7100); fin MHz
30 to 100 > 70
Type Ib
100 to 2 000 > 70 - 20 log,, (f1100); fin MHz
30 to 100 > 55
Type Il
100 to 2 000 > 55 — 20 log,, (f1100); fin MHz
6.2.9 Current-carrying capacity
See 6.2.9 of IEC 61156-6:2010. Further guidance with respect to current carrying cappacity is
providgd by ISO/IEC TR 29125.
6.3 Transmission characteristics
6.3.1 Velocity of propagation (phase velocity)
See 6.3.1 of IEC 61156-6:2010.
6.3.2 Phase delay and differential delay (delay skew)
6.3.2.1 Phase delay

The phase delay t shall not exceed the value obtained from equation (1) in the fre

range f

where

T is the phase delay in ns/100 m;

f is the frequencyin MHz.

6.3.2.2
When t
pairs a

and 25
referen

6.3.3
6.3.3.1

fom 4 MHz to the maximum referenced frequency.

r—534+°0

Jr

Differential delay (delay skew)

quency

he phase delay is measured at (20 £ 1) °C, the maximum delay skew between any two

[ a{given temperature shall be not greater than 45 ns/100 m for Category 8.1

ced frequency.

Attenuation («)

Attenuation at 20 °C operating temperature

cables

aximum

The maximum attenuation, a, of any pair in the frequency range indicated in Table 2 shall not

exceed

the value obtained from Equation (2).

a=a\f +bf +¢/f
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where

a is the attenuation expressed in dB/100 m;
a, b, ¢ are constants indicated in Table 2;

f is the frequency expressed in MHz.

Table 2 — Attenuation equation constants

Frequency range
Constants
MHz
a b c
1 to 2 000 2,700 0,007 5 0,B75

The cgble performance between 1 MHz and 4 MHz is achieved by designonly anpd it is
therefofe not necessary to test for this performance below 4 MHz.

6.3.3.2 Attenuation at elevated operating temperature

The regpective requirement of IEC 61156-6 applies.

6.3.4 Unbalance attenuation (TCL)

The mipimum near-end unbalance attenuation (transverse conversion loss or TCL) shall not
be less|than obtained from Table 3.

Table 3 — TCL requirements

Frequency range x/UTP type cables x/FTP type cables
MHz dB dB

50 — 15 log,, (f); fin MHz;
40 dB maximum;
7 dB minimum

60 — 151094, (f); fin MHz;

to 2 000 40°dB maximum

The minimum equal-level,far-end unbalance attenuation (equal-level transverse conpyersion
transfef loss or ELTCTL) shall not be less than the value obtained from Table 4.

Table 4 — ELTCTL requirements

Frequency range x/UTP type cables x/FTP type cables
MHz dB dB
110 2 000 50 - 20 log,, m;_fln MHz; 40 - 20 Iogw.()f);fln MHz;
10 dB minimum 5 dB minimum

For calculation of ELTCTL, the TCTL and the attenuation measurements of the test specimen
shall be used.

6.3.5 Near-end crosstalk (NEXT)

The worst near-end crosstalk shall not be less than the values indicated in Table 5.
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Table 5 — NEXT and PS NEXT requirements

- 11 -

Cable Frequency range NEXT requirement PS NEXT requirement
designation MHz dB dB
75,3 — 15 1log,4, (N); 72,3 = 15 log,, (1)
Category 8.1 1 to 2 000 £in MHz £in MHz
105,4 — 15 log,, (f); 102,4 — 15 log,, (f);
Category 8.2 1 to 2 000 £in MHz £in MHz

For those frequencies where the calculated value of NEXT is greater than 78 dB, the

require
greater

PR R TR Zo 40— o c . : o : M : £ QA
ettt sriall e 70 UD. TOT OsSe ITegueTliCies WlieTe UIc LdituldicU value U T o 1

than 75 dB, the requirement shall be 75 dB.

EXT is

The cgble performance between 1 MHz and 4 MHz is achieved by design~only and it is

therefofe not necessary to test for this performance below 4 MHz.

6.3.6 Far-end crosstalk (ACR-F)
The palr-to-pair ACR-F in dB for any combination shall be greateror equal than obtain¢d from
Table 4.
Table 6 — ACR-F and PS ACR-F réequirements
¢able Frequency range ACR-F requirement PS ACR-F requirement
des|gnation MHz dB dB
79,0 — 20 log,, () 76,0 — 20 log,, {/);
Catggory 8.1 1 to 2 000 £in MHz 7in MHz
100,6 — 20 log,, (1); 97,6 — 20 log,, {);
Catggory 8.2 1to 2 000 £in MHz £in MHz
NOTE |If FEXT loss is greater than 90 dB<up to 1 000 MHz and greater than 80 dB up to 2 000 MHz,|ACR-F
loss mgy not be calculated.

For calculation of ACR-F, the' FEXT and the attenuation measurements of the test sp
shall b¢ used.

For th¢se frequencies where the calculated value of ACR-F is greater than 78
requirement shallbe 78 dB. For those frequencies where the calculated value of PS A

greater

The c4

than 75-dB, the requirement shall be 75 dB.

lecimen

B, the
CR-F is

blé/performance between 1 MHz and 4 MHz is achieved by design only and it is

therefore not necessary to test for this performance below 4 MHz.

6.3.7

Alien (exogenous) near-end crosstalk (ANEXT)

The PS ANEXT (power sum alien (exogenous) near-end crosstalk) of cable when tested in
accordance with 6.3.7.1 of IEC 61156-1:2007 shall be not less than the values obtained from
Table 7.

Table 7 — PS ANEXT requirements

Requirement

dB

Frequency range

MHz

1 to 2 000 117,5 — 15 log, (/); /in MHz



https://iecnorm.com/api/?name=58c293e89c569ca4aff95787ecaf0106

-12 - IEC 61156-10:2016 © IEC 2016

Calculated values greater than 80 dB are reverted to a value of 80 dB.

For screened cables meeting the requirements according to 6.2.7 and 6.2.8 (minimum
Type Ib), ANEXT is proven by design.

6.3.8 Alien (exogenous) far-end crosstalk (AFEXT)

The PS AACR-F (power-sum alien attenuation to crosstalk ratio far-end) of the cable when
tested in accordance with 6.3.8 of IEC 61156-1:2007, shall not be less than the values
obtained from Table 8.

Table 8 — PS AACR-E . |
Frequency range Requirement
MHz dB
1to 2000 102,2 - 20 log,, (f); fin MHz
NOTE |If AFEXT is greater than 90 dB up to 1 000 MHz and greater than 80 dB up to 2000 MHz, AACR-F loss
may nof be calculated.

For caLcuIation of AACR-F, the AFEXT and the attenuationmeasurements of the test
specimgen shall be used. Calculated values greater than 80°dB are reverted to a vgplue of
80 dB.

For scfeened cables meeting the requirements according to 6.2.7 and 6.2.8 (mjnimum
Type IR), AFEXT is proven by design.

6.3.9 | Alien (exogenous) crosstalk of bundled cables

The regpective requirements of this document — especially according to 6.3.7 and 6.3/.8 — as
well as|those of IEC 61156-6 apply.

6.3.10 | Impedance

The fitfed or mean characteristic impedance measured in accordance with 6.3.10.2 or
6.3.10.B of IEC 61156-1:2007/AMD 1:2009 shall be 100 Q + 5 Q at 100 MHz. In combination
with the return loss requirement, this ensures that the input impedance falls betwgen the
limits dalculated by«formulas (8) to (10) of IEC 61156-6:2010. A measurement of the input

ecommendations of IEC TR 61156-1-2 and IEC TR 61156-1-5 for improvement of meagurement

t)

The minimum return loss of any pair in the frequency range indicated in Table 8 shall not be
less than the values in Table 9.

Table 9 — RL requirements

Frequency range Requirement
MHz dB
1to 10 20 + 5logy, (f); fin MHz
10 to 40 25
40 to 2 000 25 -7 log,, (f740); fin MHz
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The cable performance between 1 MHz and 4 MHz is achieved by design only and it is
therefore not necessary to test for this performance below 4 MHz.

Measurements and limits of 30 m and 100 m (according to IEC 61156-6) samples are
independent. Limits for 30 m below 40 MHz are for information only (for further study).

NOTE 1 When using balun-less measurement technique, respective descriptions of IEC TR 61156-1-2 can be
considered.

NOTE 2 Recommendations of IEC TR 61156-1-5 for improvement of measurement uncertainty by correction
technique can be considered.

6.4 Mechanical and dimensional characteristics and requirements

6.4.1 Dimensional requirements

See 6.4.1 of IEC 61156-6:2010.

6.4.2 Elongation at break of the conductors

See 6.4.2 of IEC 61156-6:2010.

6.4.3 Tensile strength of the insulation

See 6.4.3 of IEC 61156-6:2010.

6.4.4 Elongation at break of the insulation

See 6.4.4 of IEC 61156-6:2010.

6.4.5 Adhesion of the insulation to the.conductor

See 6.4.5 of IEC 61156-6:2010.

6.4.6 Elongation at break of the sheath
See 6.4.6 of IEC 61156-6:2010:

6.4.7 Tensile strength of the sheath
See 6.4.7 of IEC 64156-6:2010.

6.4.8 Crush.test of the cable

See 6.4.8w©f IEC 61156-6:2010.

6.4.9 Impact test of the cable
See 6.4.9 of IEC 61156-6:2010.

6.4.10 Bending under tension

See 6.4.10 of IEC 61156-6:2010.

6.4.11 Repeated bending of the cable
See 6.4.11 of IEC 61156-6:2010.
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Tensile performance of the cable

See 6.4.12 of IEC 61156-6:2010.

6.4.13

Shock-test requirements of the cable

See 6.4.13 of IEC 61156-6:2010.

6.4.14

Bump-test requirements of the cable

See 6.4.14 of IEC 61156-6:2010.

IEC 61156-10:2016 © IEC 2016

6.4.15
See 6.4

6.5
6.5.1
See 6.1

6.5.2
See 6.1

6.5.3
See 6.1

6.5.4
See 6.1

6.5.5
See 6.1

6.5.6
See 6.1

6.5.7

Vibration-test requirements of a cable

.15 of IEC 61156-6:2010.

Environmental characteristics
Shrinkage of insulation

.1 of IEC 61156-6:2010.

Wrapping test of insulation after thermal ageing

.2 of IEC 61156-6:2010.

Bending test of insulation at low temperature

.3 of IEC 61156-6:2010.

Elongation at break of the shedth after ageing

.4 of IEC 61156-6:2010.

Tensile strength of the-sheath after ageing

.5 of IEC 61156-6.

Sheath pressure test at high temperature

.6 of IEC161156-6:2010.

Cold bend test of the cable

See 6.5

6.5.8

Heat shock test

See 6.5.8 of IEC 61156-6:2010.

6.5.9

Damp heat steady state

See 6.5.9 of IEC 61156-6:2010.

6.5.10

Solar radiation (UV test)

See 6.5.10 of IEC 61156-6:2010.
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6.5.11

Solvents and contaminating fluids

See 6.5.11 of IEC 61156-6:2010.

6.5.12

Salt mist and sulphur dioxide

See 6.5.12 of IEC 61156-6:2010.

6.5.13

Water immersion

See 6.5.13 of IEC 61156-6:2010.

6.5.14
See 6.5

6.5.15
See 6.5

6.5.16

See 6.
apply.

6.5.17

See 6.
apply.

6.5.18

See 6.
apply.

6.5.19

See 6.
apply.

6.5.20
See 6.

Hygroscopicity

.14 of IEC 61156-6:2010.
Wicking

.15 of IEC 61156-6:2010.

Flame propagation characteristics of a single cable

.16 of IEC 61156-6:2010 unless regional or local regulations (e.g.

Flame propagation characteristics of bunched cables

.17 of IEC 61156-6:2010 unless regional “or local regulations (e.g.

Halogen gas evolution

.18 of IEC 61156-6:2010 unless regional or local regulations (e.g.

Smoke generation

.19 of IEC 61156:6:2010 unless regional or local regulations (e.g.

Toxicgas emission

b.20( of IEC 61156-6:2010 unless regional or local regulations (e.g.

apply.
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6.5.21

Integrated fire test

See 6.5.21 of IEC 61156-6:2010 unless regional or local regulations (e.g.

apply.

7 Bu

ndled cables requirements

For further study.
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