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FOR REMOTE POWERING OF TERMINAL EQUIPMENT

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. ISO and IEC teghnical
committees collaborate in fields of mutual interest. Other international organizations, governmental>and non-
governmental, in liaison with ISO and IEC, also take part in the work.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly,as possible, an
international consensus of opinion on the relevant subjects since each technical committee has’representation
from all interested IEC and ISO National bodies.

IEC and ISO documents have the form of recommendations for international use and<are.'accepted by IEC and
ISO National bodies in that sense. While all reasonable efforts are made to ensure that\the technical content of
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the way in which they are
used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO National bodies\undertake to apply IEC and ISO
documents transparently to the maximum extent possible in their national and regional publications. Any
divergence between any IEC and ISO document and the corresponding-fational or regional publication shall be
clearly indicated in the latter.

IEC and ISO do not provide any attestation of conformity. Indepéndent certification bodies provide conformity
assessment services and, in some areas, access to IEC and~ISO marks of conformity. IEC and ISO are not
responsible for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition af this document.

No liability shall attach to IEC and ISO or their directors, employees, servants or agents including individual
experts and members of its technical committees”and IEC and ISO National bodies for any personal injury,
property damage or other damage of any nature-whatsoever, whether direct or indirect, or for costs (including
legal fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document or any
other IEC and ISO documents.

Attention is drawn to the Normative reférences cited in this document. Use of the referenced publications is
indispensable for the correct application of this document.

IEC and ISO draw attention to the\possibility that the implementation of this document may involve the use of
(a) patent(s). IEC and ISO take mo’ position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof.\As of the date of publication of this document, IEC and ISO had not received
notice of (a) patent(s), whieth may be required to implement this document. However, implementers are
cautioned that this may net\represent the latest information, which may be obtained from the patent database
available at https://patents.iec.ch and www.iso.org/patents. IEC and ISO shall not be held responsible for
identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

ISO/IEC TS 29125 edition 1.2 contains the first edition (2017-04), its amendment 1 (2020-
05) [documents JTC1-SC25/2919/DTS and JTC1-SC25/2945/RVDTS] and its amendment 2
(2024-10) [documents JTC1-SC25/3272/DTS and JTC1-SC25/3289/RVDTS].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available
in this publication.



https://iecnorm.com/api/?name=f06c4791069323831e86595b6cb9a477

REDLINE VERSION -6 - ISO/IEC TS 29125:2017+AMD1:2020
+AMD2:2024 CSV © ISO/IEC 2024

The main task of the joint technical committee is to prepare International Standards. In
exceptional circumstances, the joint technical committee may propose the publication of a
Technical Specification when

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e when the subject is still under technical development or where, for any other reason, there
is the future but not immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

ISO/IEC TS 29125, which is a Technical Specification, has been prepared by subgcommittee
25: Interconnection of information technology equipment, of ISO/IEC joint) technical
committee 1: Information technology.

This first edition constitutes a technical revision.

This edition includes the following significant technical changes with fespect to the previous
edition:
a) extension of the current per conductor from 300 mA to 500(mA;

b) provision of additional details of installation conditions that were not described in
ISO/IEC TR 29125:2010;

c) inclusion of guidelines for cords;
d) inclusion of a model to calculate temperature fise in different bundle sizes.

This Technical Specification has been approved'by vote of the member bodies, and the voting
results may be obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - The 'colour,inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of itsi‘contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This document specifies the use of generic balanced cabling for customer premises, as

specified in the ISO/IEC 11801 series, for remote powering of terminal equipment. It provides
guidance on new cabling installations and renovations. The customer premises may
encompass one or more buildings or may be within a building that contains more than one
organization. The cabling may be installed prior to the selection of remote powering
equipment or powered terminal equipment.

ISO/IEC 11801-1 specifies a structure and performance requirements for cabling subsystems
that support a wide range of applications. They provide appropriate equipment interfaces-to
the cabling infrastructure in equipment rooms, telecommunications rooms and work areas:

A growing number of organizations employ equipment at locations that require the provision of
remote powering. This document was created to provide supplementary -information to
ISO/IEC 11801-1 to implement remote powering over generic balanced cabling*as specified in
ISO/IEC 11801-1.

This document provides additional guidance for remote powering“on the use of balanced
cabling systems as specified in ISO/IEC 11801-1 and guidance“on different installation
conditions that require special considerations:

e information to bring together all the considerations about remote powering in a single
document;

e guidance on wire diameter and bundling on heating;

e guidance on mating and un-mating of connectors that convey remote power.

This document does not include requiremenis*from national or local safety standards and
regulations.

This document was developed based’ on a number of contributions describing remote
powering over telecommunications/cabling under different installation conditions. The relevant
safety standards and regulations) ‘application standard, and equipment manufacturers give
guidance on factors that should\be taken into account during design of the generic balanced
cabling that supports the distribution of remote powering.

This document extends the current per conductor specified in ISO/IEC TR 29125:2010 from
300 mA to 500 mA. This document covers additional details of installation conditions that are
not described in ISO/IEC TR 29125:2010. This document includes guidelines for cords. This
document addresses the use of generic balanced single pair cabling for customer premises,
to be specified in future amendments of the ISO/IEC 11801 series, for remote powering of
terminal equipment. This document uses measurements and empirical models to estimate the
thermal pefformance of single pair cable bundles of various conductor diameters.

INTRODUCTION to Amendment 1

This amendment incorporates changes necessary to include remote powering using single
pair cabling.

INTRODUCTION to Amendment 2

This amendment incorporates changes necessary to extend the current for remote powering
using single pair cabling up to 2 000 mA.
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INFORMATION TECHNOLOGY -

TELECOMMUNICATIONS CABLING REQUIREMENTS

FOR REMOTE POWERING OF TERMINAL EQUIPMENT

1 Scope

This document

a) addresses the support of safety extra low voltage (SELV) and limited power source (LPS)
applications that provide remote power over:

e 4-pair balanced cabling in accordance with the reference implementations of
ISO/IEC 11801 series standards using currents per conductor of up t0-500 mA;

e 1-pair balanced cabling using currents per conductor of up to 2 000 mA;

and targets the support of applications that provide remote power over balanced cabling to
terminal equipment,

b) covers the transmission and electrical parameters needed ’t6 support remote power over
balanced cabling,

c) covers various installation scenarios and how these ‘may impact the capability of balanced
cabling to support remote powering,

d) specifies design and configuration of cabling as specified in ISO/IEC 11801-1.

NOTE SELV requirements specify a maximum voltage\of 60 V DC and LPS is understood in the applications
referenced to be up to 100 W supplied within-4-pair cabling.

This document includes a mathematical model to predict the behaviour of different bundle
sizes, various cabling constructions;” and installation conditions for different current
capacities.

Safety (e.g. electrical safety.and protection and fire) and electromagnetic compatibility (EMC)
requirements are outside the scope of this document, and are covered by other standards and
regulations. However, information given by this document can be of assistance.

2 Normative references

The followingtdocuments are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

ISO/IEC 11801-1, Information technology — Generic cabling for customer premises — Part 1:
General requirements

ISO/IEC 14763-2, Information technology — Implementation and operation of customer
premises cabling — Part 2: Planning and installation

ISO/IEC TR 24746, Information technology — Generic cabling for customer premises — Mid-
span DTE power insertion
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 11801-1,
ISO/IEC 14763-2 and the following apply.

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

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

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

3.11
power source equipment
equipment that provides power

3.1.2

cable bundle

several cables tied together or in contact with one another in a.parallel configuration for at
least 1 m, with the cross-section profile of the arrangement basically circular

3.1.3
conductor
element intended to carry electric current

[SOURCE IEC 60050-151:2001, 151-12-05, modified — The 3 Notes have been deleted.]

3.1.4

current carrying capacity

maximum current a cable circuit (on€)yor several conductors) can support resulting in a
specified increase of temperature ‘of the conductor beyond the ambient temperature, not
exceeding the maximum allowed,operating temperature of the cable

[SOURCE: IEC 61156-1:2007/AMD1:2009, 3.24, modified — "increase of temperature" has
replaced "increase of the surface temperature".]

3.1.5
remote powering
supply of power €0 application specific equipment via balanced cabling

3.1.6

temperature rise

differénce in temperature between the initial temperature of the conductor without power and
the final temperature of the powered conductor at steady state

3.2 Abbreviated terms

EMC electromagnetic compatibility

FD floor distributor

HVAC heating, ventilation and air conditioning

PTZ pan, tilt, zoom
WAP wireless access point
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4 Conformance

For cabling to comply with this document, the following applies:

a) the design of the cabling shall comply with the relevant cabling design standard of the
ISO/IEC 11801 series;

b) the installation shall comply with ISO/IEC 14763-2 as amended by the additional
requirements of this document.

5 Cabling selection and performance

Cabling for remote powering-should can be implemented using 4-pair and 1-pair balanced
cabling.

This cabling will be used simultaneously to support signal transmission and, remote power
feeding for the terminal equipment. This document assumes the use of\balanced cabling
components specified in the reference implementation clause of the relevant design standards
of the ISO/IEC 11801 series.

The transmission parameters of balanced cables related to remote powering can be found in
Annex C.

6 Installation conditions

6.1 General

Cabling may be installed in different types\ “of continuous and non-continuous pathway
systems as described in ISO/IEC 14763-2.~The installation of a cable within the pathway
systems should take into account the specified operating temperature of the cable. Due to the
Joule effect, each energized conductaryhas a temperature rise. Larger cable bundles have
more heat generation and therefore the temperature rise is worse than smaller cable bundles.

The cable bundle size is limited by the current capacity in 6.3 and the induced temperature
rise that results in an operating’temperature of the cable, not to exceed its temperature rating.

The following guidelines for pathway selection and installation should be considered:

a) installation desigh’including the type of pathways selected, the pathway fill factor, whether
the pathway s sealed at both ends,

b) the pathway environment and whether the pathway goes through thermally insulated
areass'inwhich case the type of insulation will be a significant factor. For optimal thermal
performance, pathway design should avoid any insulated areas,

c) thermal aspects of the entire pathway (e.g. open tray, closed tray, ventilated, non-
ventilated, plastic conduit, metal conduit, fire barriers) should be taken into account.

6.2 Ambient temperature

Different segments of a link can have different ambient temperatures, which can influence the
amount of remote power that can be delivered. Therefore the ambient temperature in different
length segments of a link or channel has a direct impact on the operating temperature of the

cable used for the link or channel and can limit the capability of the cable for remote power
delivery to powered terminal equipment. The worst case installed cabling condition with
respect to the maximum ambient temperature shall be used to determine the maximum
operating temperature for a link or channel when subject to remote powering.
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6.3 Temperature rise and current capacity

When remote power is applied to balanced cabling, the temperature of the cabling will rise

due to resistive heat gnnnrafinn (lf\lllﬂ ﬂffor\f) in_—the conductors nopnnding on cable

construction and installed cabling conditions, the heat generated will be dissipated into the
surrounding environment until a steady state is reached with the temperature of the cable
bundle (operating temperature) higher than the ambient temperature of the surrounding
environment. The maximum temperature of any cable shall not exceed the temperature rating
of the cable. The standards in the ISO/IEC 11801 series—reguire-this-temperature-to-be 60°C
{minimum) specify this temperature up to 60 °C in MICE C, environments and 70 °C in MICE
C, and C3 environments.

Temperature rise in the cable will lead to an increase in insertion loss as indicated in the
reference implementations of the ISO/IEC 11801 series standards and should be-taken into
account when selecting cables and using them in links or channels. The maximum’length of
the channel or link should be reduced based on the maximum temperature of the’ cable using
the de-rating factors in ISO/IEC 11801-1.

The maximum current per conductor for different temperature rise in a_bundle of 37 cables of
4-pair Category 5 cables with solid conductors, and 37 cords of 4-pair 0,40 mm stranded
cords with all pairs energized is shown in Table 1.

The maximum current per conductor for different temperatur@ rise in a bundle of 37 cables of
1-pair cables with 0,57 mm diameter conductors, and 37c¢0rds of 1-pair 0,40 mm cords with
all pairs energized is shown in Table 5.

Annex B provides an engineering model that may be used for specific cable types, cable
constructions, and installation conditions to derive-the bundle size for a particular current per
conductor. Clause B.7 describes a simplified-version of the engineering model in Annex B and
was used to derive the worst case values-in‘/Tables 1,-23-and-4 to 9 based on constants
calculated from measurements of typical” cables for each cable category or conductor
diameter. The measurement procedures used to determine the constants are detailed in
Annex F.

Table 1 — Maximum current:per conductor versus temperature rise in a 37 4-pair cable

bundlédin air and conduit{all-4-pairs-energized)

Temperature rise Currgn4t per conductor Current per conductor
,4 mm cords Category 5 cables
C mA mA
air conduit air conduit

5 278 223 341 287
7,5 340 273 418 351
10 393 315 482 406
125 439 352 539 453
L 15 481 386 591 497
17,5 520 417 638 537
20 556 446 682 574

Temperature rise above 10 °C shown in grey background is not recommended.

NOTE These values are based on conductor temperature measurement of typical cables and cords.
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Table 5 — Maximum current per conductor versus temperature rise
in a 37 1-pair cable bundle in air and conduit

Femperature €urrentpercomnductor
rise
0,57 mm wire diameter 0,40 mm stranded wire 1,02 mm stranded wire
diameter (cords) diameter (cords)
K mA mA mA
air conduit air conduit air conduit
5 866 738 608 518 1550 1320
7,5 1061 904 744 634 1900 1 620
10 1225 1044 860 732 2190 {870
12,5 1370 1167 961 819 - n(bl/Z 090
15 1501 1278 1053 897 -Ay\’ .V -
17,5 1621 1 381 1137 969 (\\) -
20 1733 1476 1216 1036 X -

Temperature rise above 10 K shown in grey background is not recommended\for cables installed in an
environment that can reach 50 °C.

NOTE 1 These values are based on conductor temperature measuremepn{\of typical cables and cords.

NOTE 2 Currents above 2 000 mA are for information only.

Table 2 shows current capacity for different categories of 4-pair cable, independent of
construction, for a given temperature rise. Table{8 shows current capacity for 1-pair cables of
conductor diameters of cable, independent af gonstruction, for a given temperature rise.

Table 2 — Calculated worst case.current per conductor versus temperature
rise in a bundle of 37 4-pair cables (all pairs energized)

Category.5 Category 6 Category 6, Category 7 Category 7,
0,4 mm cords cables cables cables cables cables
AT mA mA mA mA mA mA
cond- cond- cond- cond- cond- cond-

°C air uit air uit air uit air uit air uit air uit
2 175 141 215 181 246 207 267 229 267 229 324 264
4 248 199 305 256 348 293 378 324 378 324 459 373
6 304 244 373 314 427 359 463 397 463 397 562 457
8 354 282 431 363 493 414 535 459 535 459 649 528
10 393 315 482 406 551 463 598 513 598 513 725 590
12N\ :130 345 528 444 604 507 655 562 655 562 795 646
G) 465 373 571 480 652 548 708 607 708 607 858 698
~.16 497 399 610 513 697 586 756 649 756 649 918 746
18 527 423 647 544 740 622 802 688 802 688 973 792
20 556 446 682 574 780 655 846 725 846 725 1026 835

Temperature rise above 10 °C shown in grey background is not recommended

The values in this table are based on the implicit DC resistance derived from the insertion loss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications give information relating to a specific cable.

NOTE The current per conductor for each category is dependent on the cable construction.



https://iecnorm.com/api/?name=f06c4791069323831e86595b6cb9a477

ISO/IEC TS 29125:2017+AMD1:2020 -13 - REDLINE VERSION
+AMD2:2024 CSV © ISO/IEC 2024

Table 6 — Calculated worst case current per conductor versus temperature rise
in a bundle of 37 1-pair cables of different conductor diameters in air and conduit

a—dn a-d a2 -y A-Qd 405
USHFU T U ITT U;J7 1T U0 1TT U0 T 1T LUZ1mT

diameter diameter diameter diameter diameter diameter
AT mA mA mA mA mA mA
°C air conduit air conduit air conduit air conduit air conduit air conduit

2 384 327 490 417 548 466 624 532 779 663 981 835
4 543 463 693 590 775 660 883 753 1101 938 1387 | 1181
6
8

666 567 849 723 949 808 1082 922 1349 | 1149 | 1699 | 1.448
769 655 981 835 1096 933 1249 | 1065 | 15658 | 1327 | 1962 ., 670
10 860 732 1096 934 1225 | 1044 | 1397 | 1190 | 1742 | 1484 | 2 194Y| 1867
12 942 802 1201 1023 | 1342 | 1143 | 1530 | 1304 | 1908 | 1625 '(E\QO% 2 046
14 | 1017 867 1297 | 1105 | 1450 | 1235 | 1653 | 1409 | 2061 1 7@5\'\ ’é 596 | 2210
16 | 1087 926 1387 | 1181 1550 | 1320 | 1767 | 1506 | 2203 N@I‘Y 2775 | 2362
18 | 11583 983 1471 1253 | 1644 | 1400 | 1874 | 1597 | 2 3%)<W991 2943 | 2506
20 | 1216 | 1036 | 1551 1321 1733 | 1476 | 1976 | 1684 (2\&‘&?} 2098 | 3102 | 2641

Temperature rise above 10 °C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistance derived frgnr'the insertion loss of the various
conductor diameters of cable. Manufacturers' and/or suppliers' specifieations give information relating to a
specific cable.

NOTE 1 The current per conductor for each 1-pair cable is also~d@pendent on the cable construction.

NOTE 2 Currents above 2 000 mA are for information onlyg

6.4 Factors affecting temperature increase
6.4.1 General

The steady state temperature for the{conductor of any power carrying cable is reached when
the generation of heat within the cable (Joule effect) is equal to the heat dissipated into the
environment, be it the open atmaosphere, trays, ducts or other cables which can also be power
carrying cables.

6.4.2 Installation near equipment

Ambient temperature near equipment will be higher and also installation of
telecommunications cables and cords in hot aisles will lead to higher ambient temperature
around the patch cord bundle.

6.4.3 Cable count within a bundle

ThisSdocument uses 37-cable bundles as the basis for developing the temperature rise and
current per conductor with all pairs energized. For other cases (e.g. where bundle count
exceeds 37 cables), the guldellnes prowded in 6.4 can be used. —Reie#telab#e—s—te—deteﬁm

Refer to Table 7 to determine the maximum temperature rise using 2 000 mA per conductor
for 1-pair cable bundles of different count.

NOTE The temperature rise of one cable is lower than that of a 7-cable bundle shown in all tables.
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Table 3 — Temperature rise versus 4-pair cable bundle size (500 mA per conductor)

Temperature rise
°C
Number
of 0,4 mm
cables cords Cat 5 cables Cat 6 cables Cat 6, cables | Cat 7 cables | Cat7, cables
cond- cond- cond- cond- cond- cond-
air uit air uit air uit air uit air uit air uit
1 1,9 3,1 1,1 1,7 0,8 1,3 0,7 1,1 0,7 1,1 0,6 0,9
7 5,7 9,1 3,5 5,2 2,6 4,0 2,3 3,3 2,3 3,3 1,7 2,6
19 10,5 16,5 6,7 9,7 5,1 7,4 4,4 6,1 4,4 6,1 3,1 4,7
24 12,2 19,1 7,9 11,3 6,0 8,7 5,1 7.1 5,1 7.1 3,6 5,5
37 16,2 25,1 10,7 15,2 8,2 11,6 7,0 9,5 7,0 9,5 4,7 7,2
48 19,3 29,8 13,0 18,2 10,0 14,0 8,5 11,4 8,5 1{1\a\ 5,7 8,5
52 20,3 31,4 13,8 19,3 10,6 14,8 9,0 12,0 9,0 ,0 6,0 9,0
61 22,7 34,9 15,5 21,6 12,0 16,6 10,1 13,4 11‘0)3\?~‘13,4 6,7 10,0
64 23,5 36,1 16,1 22,4 12,4 17,1 10,5 13,9 Q\SS 13,9 6,9 10,3
74 26,0 39,8 17,9 24,9 13,9 19,1 11,7 15q>‘ 11,7 | 15,4 7,7 11,3
91 30,1 45,9 21,0 29,0 16,4 22,2 13,8 q\ﬁg 13,8 | 17,9 8,9 13,1

Temperature rise above 10 °C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistancé-derived from the insertion loss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications-give information relating to a specific cable.

NOTE 1 The temperature rise (°C) is based upon a current*ef 500 mA per conductor, for all pairs in all cables in

the bundle.

NOTE 2 The current per conductor for each categaéry)is dependent on the cable construction.
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Table 7 — Temperature rise versus 1-pair cable bundle size
(1 000 mA per conductor)

15—

REDLINE VERSION

Femperaturerise
°C
Number 0,32 mm 0,40 mm 0,51 mm 0,57 mm 0,65 mm 0,81 mm 1,02 mm
of cables| diameter diameter diameter diameter diameter diameter diameter
mA mA mA mA mA mA mA
air |conduit| air |conduit| air |conduit| air [conduit| air | conduit | air |conduit| air |conduit
1 2,9 4,4 1,9 2,8 1,1 1,7 0,9 1,4 0,7 1,1 0,5 0,7 0,3 0)4
7 8,2 11,9 5,2 7,6 3,2 4,7 2,6 3,8 2,0 2,9 1,3 1,9 0,8 1,2
19 14,3| 20,2 9,2 12,9 | 5,6 8,0 4,5 6,4 3,5 4,9 2,2 3,2 )% 2,0
24 16,4 23,0 10,5 | 14,7 | 6,4 9,0 52 7,2 4,0 5,6 2,6 3,6 1,6 2,3
37 21,1 291 13,5 | 18,6 | 8,3 11,5 | 6,7 9,2 5,1 71 3,3 4,5 2,1 29
48 24,7\ 33,6 15,8 | 21,5 | 9,7 13,2 (7,8 10,6 |6,0 8,1 3,9 5,2 2,4 3,3
52 25,9 35,2 16,6 | 22,5 |10,2| 13,8 | 8,2 11,1 6,3 8,5 4,0 55 2,5 3,5
61 28,6 38,5 18,3 | 24,6 |11,3| 15,1 9,0 12,1 6,9 9.3 4,5 6,0 2,8 3,8
64 29,4 39,5 18,8 | 25,3 |11,6| 156 | 9,3 12,5 |71 9,6 4,6 6,2 2,9 3,9
74 32,2 429 |206 | 27,5 |12,7| 16,9 |10,2 13,5 |7,8 10,4 5,0 6,7 3,2 4,2
91 36,7| 48,4 |23,5| 31,0 (14,5| 19,0 |11,6]| 152 ~[8)9 11.7 5,7 7,5 3,6 4,8

Temperature rise above 10 °C shown in grey background is nofreCommended.

The values in this table are based on the implicit DC resistance of the various conductor diameters of cable.
Manufacturers' and/or suppliers' specifications give infotf@tion relating to a specific cable.

NOTE 1
bundle.

The temperature rise (°C) is based upon ‘a—current of 1 000 mA per conductor, for all cables in the

NOTE 2 The current per conductor for each cenductor diameter is also dependent on the cable construction.

6.4.4 Reducing temperature increase

Minimizing the cabling temperature rise is recommended, as it
a) reduces the impaet on the transmission performance (e.g. insertion loss) of the cabling,
b)
c)

reduces the.HVAC loading within the premises,

allows operation in higher ambient temperatures without exceeding the cable temperature
rating;

d) reduces the overall cost of delivering remote power by minimizing the resistive heating

loss (power dissipated in the cabling).

The temperature rise can be reduced by minimizing the heat generation and maximizing the
heat dissipation. Examples of how this can be achieved include:

— using higher category cable (for 4-pair cables),
— selecting a larger conductor size which decreases per unit length DC resistance,

e improved heat transfer coefficient between materials within the cable,
e improved heat transfer coefficient between cable sheath and air,

e screen or other additional metallic elements,

solid insulation,



https://iecnorm.com/api/?name=f06c4791069323831e86595b6cb9a477

REDLINE VERSION - 16 - ISO/IEC TS 29125:2017+AMD1:2020
+AMD2:2024 CSV © ISO/IEC 2024

e alarger diameter,
— reducing the number of energized pairs,

— selection of applications and devices that use lower current.
NOTE Manufacturers’ and/or suppliers’ specifications give information relating to a specific cable.

Mixing power-carrying cabling with unpowered cabling in bundles is also recommended as a
practice to minimize heat rise.

If bundling is necessary, separate large bundles into smaller bundles, as described in
Annex D. Other mitigation considerations are described in Annex A. Otherwise avoid bunhdling
cables to minimize temperature rise.

Table 4 shows the effect of energizing the number of pairs within a 37-cable bundle for
different 4-pair cable categories.

Table 8 shows the effect of energizing the number of pairs withipya' 37-cable bundle for
different 1-pair cable constructions in air. Figure 3 shows this data in_graphical form.

Table 9 shows the effect of energizing the number of pair§~within a 37-cable bundle for
different 1-pair cable constructions in conduit. Figure 4 showsi|this data in graphical form.

The recommendation of ISO/IEC 14763-2 for 4-pairccable bundles of no more than 24 is
further reinforced for remote powering due to:

1) installation factors,

2) possible high ambient temperature,

3) the use of 0,4 mm conductor diameter cords,

4) higher currents up to 500 mA perconductor with all 4 pairs energized.
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Table 4 — Temperature rise for a type of 4-pair cable versus the number
of energized pairs in a 37-cable bundle (500 mA per conductor)

No. AT5EK]
eg(fer 0,4 mm cords Cat 5 cables Cat 6 cables Cat 6, cables Cat 7 cables Cat 7, cables
giz.ed cond- cond- cond- cond- cond- cond-
pairs air uit air uit air uit air uit air uit air uit
24 5,2 8,4 3,2 4,7 2,4 3,6 2,0 3,0 2,0 3,0 1,5 2,4
48 7,9 12,5 5,0 7,2 3,7 5,5 3,2 4,6 3,2 4,6 2,3 3,6
96 12,2 19,1 7,9 11,3 6,0 8,7 5,1 7.1 5,1 7,1 3,6 55
144 15,9 24,7 10,5 14,9 8,0 11,4 6,8 9,3 6,8 9,3 4,7 7,0
148 16,2 25,1 10,7 15,2 8,2 11,6 7,0 9,5 7,0 9,5 47 7,2

Temperature rise above 10 C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistance derived from the insertion Jloss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications give information relating*to a specific cable.

NOTE 1 The temperature rise (2:€K) is based upon a current of 500 mA on each energized conductor

NOTE 2 The current per conductor for each category is dependent on the cable ‘construction.

Table 8 — Temperature rise for a 0,57 mnyconductor diameter
1-pair cable versus current for different bundle sizes in air

Bundle Curfent
size
mA
200 ‘ 400 ‘ 600 | 800 | 1000 ‘ 1200 ‘ 1400 | 1600 | 1 800 ‘ 2 000
AT
K
7 0,1 0,4 0,9 1,7 2,6 3,7 5,1 6,6 8,4 10,3
19 0,2 0,7 NG 2,9 4,5 6,5 8,8 11,5 14,6 18,0
37 0,3 1.1 2,4 4,3 6,7 9,6 13,0 17,0 21,6 26,6
61 0,4 1.4 3,2 5,8 9,0 13,0 17,7 23,1 29,2 36,0
91 0,5 9 4,2 7,4 11,6 16,7 22,7 29,6 RIS 46,3
Temperature rise'above 10 K shown in grey background is not recommended for cables installed in an
environment thdt.can reach 50 °C.
The valugsyin this table are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' Specifications give information relating to a specific cable.
NORE" The temperature rise for a particular cable is also dependent on the cable construction.
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Figure 3 — Temperature rise for a 0,57 mm conductor :diameter
1-pair cable versus current for different bundle sizes in air

Table 9 — Temperature rise for a 0,57 mm conductor diameter
1-pair cable versus current for different bundle sizes in conduit

Bu_ndle Current

size mA
200 | 400 | 600 | soo | 1089 1200 | 1400 | 1600 | 1800 | 2000

AT

K
7 0.2 0.6 1,4 2.4 3,8 5,3 7,2 9,3 11,7 14,5
19 0,3 1,0 2.3 41 6,4 9,0 12,0 15,5 195 | 24,0
37 0,4 1,5 3,3 5,9 9,2 12,8 17,0 220 | 276 | 338
61 0,5 1,9 43 7.8 12,1 16,8 | 222 | 286 | 357 | 437
91 0,6 2,4 5,5 9,8 15,2 209 | 27,6 353 | 44,1 53,8

Temperature rise above «d0 K shown in grey background is not recommended for cables installed in an
environment that can re@th 50 °C.

The values in thi§table are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specifications give information relating to a specific cable.

NOTE Thetemperature rise for a particular cable is also dependent on the cable construction.
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Figure 4 — Temperature rise for a 0,57 mm conductor diameter
1-pair cable versus current for different bundle sizes\in conduit

Table 10 shows the temperature rise for a 1,02 mm conductgx, diameter 1-pair cable versus
current for different bundle sizes in air. Figure 6 shows thesg data in graphical form.

Table 11 shows the temperature rise for a 1,02 mm geonductor diameter 1-pair cable versus

current for different bundle sizes in conduit. Figure 7shows these data in graphical form.

Table 10 — Temperature rise fora1,02 mm conductor diameter
1-pair cable versus current for different bundle sizes in air

Bupdle Current
size A
200 ‘ 400 ‘ 600 | 800 | 1000 ‘ 1200 ‘ 1400 | 1600 | 1800 ‘ 2 000
AT
K
7 0,1 0,2 0,3 0,5 0,8 1,1 1,5 1,9 2,4 3,0
19 0.3 (003 0,6 1,0 1,4 1,9 2,6 3,3 4,1 5,0
37 0,5 0,7 1,0 1,5 2,1 2,8 3,7 4,7 5,8 7.1
61 057 1,0 1,4 2,0 2,8 3,8 4,9 6,2 7,6 9,3
91 ol 1,4 1,9 2,7 3,6 4,8 6,1 7,7 9,5 11,5

envirenment that can reach 50 °C.

NOTE The temperature rise for a particular cable is also dependent on the cable construction.

Temperature rise above 10 K shown in grey background is not recommended for cables installed in an

The values in this table are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specifications give information relating to a specific cable.
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Figure 6 — Temperature rise for a 1,02 mm conductor diameter

1-pair cable versus current for different bundle sizes-inrair

Table 11 — Temperature rise for a 1,02 mm conducter diameter
1-pair cable versus current for different bundle sjzes in conduit

Bu_ndle Current

size mA
200 | 400 | 00 | soo | 1000 |(%200 | 1400 | 1600 | 1800 | 2000

A7

K
7 0,1 0,2 0,5 0,8 12 1,7 2.2 2,9 3,7 45
19 0,2 0,4 0,8 13 2,0 2,8 3,8 4.9 6,1 7,5
37 0.4 0,7 1,2 1,9 2.9 4,0 5,3 6,9 8,6 10,6
61 0,6 1,0 1,7 2,6 3,8 5,2 6,9 8,9 11,2 13,7
91 0,9 1,4 2 3,3 48 6,5 8,6 11,0 13,8 16,8

Temperature rise above 10 Kgshown in grey background is not recommended for cables installed in an
environment that can reach §0,*C.

The values in this tabte,“are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specificationssgive information relating to a specific cable.

NOTE The temperature rise for a particular cable is also dependent on the cable construction.
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1,02 cable in conduit
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Figure 7 — Temperature rise for a 1,02 mm conductor dianitefer
1-pair cable versus current for different bundle sizes in.conduit

6.4.5 Cable bundle suspended in air

The maximum ambient temperature of 50 °C is possible in certain‘environments and operating
conditions. To allow for this ambient temperature and limit, the“temperature rise to 10 °C, for
the minimum Category 5 cables supporting 500 mA per gonductor, it is necessary to limit the
bundle size to a smaller number than 100 cables.

6.4.6 Administration

The administration system as described in\[SO/IEC 14763-2 can be used to select the
channels in a bundle to use to supply power optimally. For example, the administration
system can be used to record the powering-details of the cables used for remote powering. An
AIM system as specified in ISO/IEC 18598 can be designed to use bundle records and issue
alerts when a bundle exceeds its thermal capacity.

7 Remote power delivery over balanced cabling

7.1  4-pair balanced eabling

Figure 1 shows examples of specified transmission paths used in generic balanced cabling.
The channel is the“transmission path between equipment such as a LAN switch or hub and
the terminal equipment. The channel does not include the connections at the data source
equipment and-the terminal equipment. The channel, the permanent link or the CP link shall
meet the transmission requirements specified in the design standards.

Remeoie power may be provided to terminal equipment via balanced cabling equipment
interfaces. Remote power may be introduced to the balanced cabling channel at the FD using
spare pairs, if available, or by remote power supplied over the phantom circuit of data pairs
from the power sourcing equipment, as shown in Figure 1.
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Figure 1 — Examples of'end point powering systems
using signal pairs)(top) and spare pairs (bottom)

IEC

Alternatively, remote power may be supplied by mid-span power source equipment that
inserts remote power independent of the data source equipment, as shown in Figure 2.
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Figure 2 — Examples‘of’mid-span powering systems

When mid-span power source equipment replaces a generic balanced cabling component or
components, the data pairs shall,'meet the performance requirements of the component or
components it replaces (e.g. pateh cord, patch panel or combination thereof), regardless of
the equipment interfaces used for input and output connections. Placement of mid-span power
insertion equipment shall be,external to the permanent link, see ISO/IEC TR 24746.

7.2 1-pair balancedicabling

Figure 5 shows examples of specified transmission paths used in 1-pair balanced cabling.
The channel_is“the transmission path between equipment such as a LAN switch or hub and
the terminalceéquipment. The channel does not include the connections at the data source
equipment ;and the terminal equipment. The channel, the permanent link or the CP link shall
meet the tfansmission requirements specified in the design standards.

Remote power may be provided to terminal equipment via balanced cabling equipment
interfaces. Remote power is introduced to the balanced cabling channel at the Floor
Distributor using the phantom circuit of data pairs from the power sourcing equipment, as
shown in Figure 5.
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Figure 5 — Single pair remote powering using signal pairs

When mid-span power source equipment replaces a generic balanced cabling component or
components, the data pair shall meet the performance requirements of the cemponent or
components it replaces (e.g. patch cord, patch panel or combination thereof)(regardless of
the equipment interfaces used for input and output connections.

8 Connecting hardware

8.1 General

The temporary removal of remote powershould be considered before mating or un-mating
connecting hardware in a remotely powered-channel.

It is preferable that remote poweringSis not present during mating or un-mating of connecting
hardware.

Intelligent powering systems.such as Power over Ethernet and Power over Ethernet-plus
(defined in ISO/IEC/IEEE8802-3) automatically recognize compliant loads before applying the
required level of remote power, thus eliminating electrical stress during connector mating.

ISO/IEC/IEEE 8802-3 also defines optional features to remotely manage the provision of
electrical power'-to each port via port power management which can be used to remove
remote powerifrom a particular channel prior to un-mating connectors.

Port power management is therefore the preferred approach to reconfiguration of remotely
powered cabling channels.

82 4-pair balanced cabling

Connecting hardware in channels used to support remote power applications shall have an
appropriate current rating when mated. Connecting hardware contacts can deteriorate as a
result of mating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (see IEC 60512-99-001 and IEC 60512-99-002). Manufacturers

bilUuiul IUU bUIIbuith |cga|u'i||g tilc lIuIIIIUCI Uf Illdiillg dlluI UII'IIIdtiIIg bybicb buppUIicd ILJy
connecting hardware while conveying the intended levels of electrical power.

Where it is not practicable to switch off the remote power before mating or un-mating (e.g. for
power sources that do not have power management), connecting hardware having the
required performance for mating and un-mating under the relevant levels of electrical power
and load should be chosen. These requirements are not within the scope of the balanced
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connecting hardware standards (e.g. IEC 60603-7, IEC 61076-3-104 and IEC 61076-3-110)
referenced from ISO/IEC 11801-1 and equivalent standards but may be assessed using
additional test schedules.

NOTE A test schedule for—en j i A i ; ;
HEC-6805142-99-004 connectors under electrlcal load is descrlbed in IEC 60512 99- 001 and IEC 60512 99 002.

8.3 1-pair balanced cabling

Contacts need to support 2,0 A for mating and un-mating under load.

Connecting hardware in channels used to support remote power applications shall haweyan
appropriate current rating when mated. Connecting hardware contacts may deterioraie™as a
result of mating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (IEC 60512-99-003). Manufacturers should bex lconsulted
regarding the number of mating and un-mating cycles supported by connecting hardware
while conveying the intended levels of electrical power.

NOTE A test schedule for engaging and separating connectors under electriGak*load is described in
IEC 60512-99-003.
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Annex A
(informative)

Mitigation considerations for installed cabling

A.1 General

Installed cabling is not easy to change to support new applications with additional
requirements. Annex A offers some considerations that can be useful to provide remote power
over existing installations of Class D or better balanced cabling. Consideration should\be
given to local heat dissipation conditions, for instance going through framed wall construction
or through insulating material.

A.2 Minimum cabling class

Class D is the minimum cabling suitable for remote powering. Better»balanced cabling is
recommended to allow higher power needed by emerging applications such as next
generation WAPs and outdoor heated PTZ cameras.

A.3 Bundle size and location

Cables with improved thermal characteristics may be eonfigured into larger bundles. The
location of a cable bundle is also an important consideration. Conduits sealed at both ends
typically retain more heat than open conduits, leading to a higher temperature rise in the
sealed conduit. If cables are installed in an open tray, the temperature rise will be lower than
the temperature rise in conduits (sealed or unsealed) for the same bundle size.

A.4 Mitigation options

If an existing installation does n¢t meet the current capacity in this document for a particular
bundle size, the following mitigation options may be considered.

a) Use only half the cables in a bundle for remote powering with the other half used for
applications that do not need remote power.

b) If ambient tempefatures are high, consider adding air-conditioning or air-circulation over
cabling segments that are exposed to high temperature.

c) If possible,'separate larger bundles into smaller bundles.

If it is not-possible to implement any of the mitigation options listed above, and the number of
data terminals requiring remote powering is significant, upgrade the installation using cables
with_improved thermal characteristics.

Additionally, when the number of data terminals requiring remote powering is significant,
upgrade the installation using the appropriate installation procedures to keep the bundle size
reasonably low (e.g. 24 cable count) to allow proper heat dissipation all along the channel,
permanent link or CP link.
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Annex B
(informative)

Modelling temperature rise for cable types,
bundle sizes and installation conditions

B.1 Model basics

This model derives the temperature rise based on measured data for different cable types.and
installation environments:

a) AT is the total temperature rise between the ambient temperature (or that of the
unpowered bundle) and the centre of the bundle;
b) ATy, is the temperature rise between the outer surface and the centre of the bundle;

c) AT, is the temperature rise between the ambient temperature (or that\of the unpowered
bundle) and the outer surface of the bundle.

ATy,

AT,

AT,

IEC

Figure B.1 — Temperature rise profile

An additional element of the' model provides a calculation for the temperatures within the
bundle at a distance x fromthe centre (AT,).

B.2 Power dissipated (P)

The model.uses a common factor which is defined as P:

P=N><nC><iC2><R (B.1)

where
ic is the current per conductor (A) = 0,5 times the current delivered by a pair;

ne is the number of conductors per cable carrying remote powering current (i;)

Cc
= 2 times the number of pairs carrying remote powering current;:

n=2 for 1-nair cables-
C L 7
ng = 8 for 4-pair cables;
N is the number of cables carrying remote powering current;

R is the average DC resistance per unit length (Q/m) of conductors carrying remote
powering current.
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It is recognized that resistance is a function of temperature. This may be neglected for small
temperature rises of < 20 °C. However, for calculations resulting in larger temperature rises
iteration should be employed within the model. Without such iteration the model produces an

ata £t o

madaractioa oaoreatie ria
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B.3 Temperature difference from ambient temperature to bundle surface (AT,)

B.3.1 Model equations

AT, = Pux P no PuxP °CK (B'2)

[dxﬁxi/%xﬁJ lax VN x5182)

Py is the constant relating to installation environment;

where

d is the cable diameter (m).

B.3.2 Typical values for constant p,

Examples of factors for common use cases determined empirically are listed below. Other use
cases may be developed under engineering supervision. Formula (B.2) indicates that for all

cable constructions and conduits/trays filled up to atyleast 40 % capacity as defined in
ISO/IEC 14763-2, p, is

a) 0,15 under ventilated conditions,

b) 0,25 for plastic conduits or open metal trays,
c) 0,5 for closed metal trays,

d) 0,75 with insulation.

The mapping of test results is ongeing and may lead to a refinement of these models.

In this document all calculated\conduit tables assume a p-factor of 0,25. Environments with
different p-factors shall be recalculated.

B.4 Temperature difference from bundle surface to bundle centre (AT},)

B.4.1 Model equations

ATy, = L X P Pt X P opy (B.3)
T axn 12,6

where

Y IS a constant relating to cable construction.
B.4.2 Typical values for constant p

Work undertaken during the development of this document and mapping of test results to the
model into Formula (B.3) indicates that:

—  pin = 5 for U/UTP cable constructions;
—  pin = 3 for F/UTP cable constructions;

—  pin = 2,75 for S/FTP cable constructions.

The mapping of test results is ongoing and might lead to a refinement of these models.
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B.5 Temperature variation within the bundle (A7(x))

The temperature variation within the bundle is calculated according to Formula (B.4):

2 3,63 x x2

Nxd2

4 x x

ATlx)=AT, + ATjp|1—-———
(x)- r, { s

J ~ AT, + ATth[1 - J °cK (B.4)

where
x is the distance from the centre of the bundle (0 < x < bundle radius), in metres (m).

B.6 Alternative presentation of the model

An alternative approximation of the model enables the calculation of AT using & curve-fitting
approach which provides a single value to allow comparison with simpler fest set-ups where
only the equivalent of measurements from thermocouples T,, and T, of Figure F.2 are used.

In such cases, the model equations of (B.2) and (B.3) can be combined and presented as
follows:

AT=C><1'02><R (B.5)

where

Czpuxncx\/ﬁ Pih X N xng
(5%d) 126

(B.6)

This also allows AT to be presented~as a function of 4 or N.

See Annex E for a recommended method to validate the model described in Annex B.

B.7 Adaptation model used to derive temperature rise vs. cables in a bundle

Based on the prin¢iples in Formulas (B.5) and (B.6), for a constant current, the predicted
temperature rise\for a bundle of cables will increase with the number of cables in the bundle.

The adaptation model describing this increase can be represented as shown in Formula (B.7).

AT(I,N)= (CyN + Cy x /N )xI? (B.7)

where

AT is the temperature rise in 2CK,

I is the current-inamperes per conductor in A,
N is the number of cables in the bundle,

C, is the coefficient that describes all variables associated with the geometry of the cable,

C, is the coefficient that describes all variables associated with the environment surrounding
the cable bundle.
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B.8 Calculations

For a fixed current and given cable bundle size, the temperature rise of the cable in the centre

of the bundle can be measured. Another measurement can be made using the same cable
type, same fixed current, and same environment surrounding the cable bundle, but with either
a larger or smaller cable bundle size than the cable bundle already measured, The results of
these two measurements provide the information needed to calculate the coefficients C; and
Co.

Stated mathematically, the first measurement result is shown symbolically in Formula (B.8).
AT{(I,N1) = ( C{Nq + Cg x 4[N4 )xI? (B.8)

Stated mathematically, the second measurement result is shown symbolically in
Formula (B.9).

ATo(I,N3)= (C4Np + Cpx [Ny )xI? (B.9)
The coefficients Cy and C, can be solved algebraically using Rormulas (B.8) and (B.9).

An alternative method is to construct a matrix equation-using Formulas (B.8) and (B.9) as
shown in Formula (B.10).

ATy Ny Ny L E 2
LTJ_{NZ \/E} {Cz} ! (819

Solving for the unknown variables results in Formula (B.11).

[q}: NN {Aﬂ”_z (B.11)
C2 N2 \/E AT2 '

B.9 Example

For a fixed cutrent of 500 mA per conductor and cable bundle size of 37, the temperature rise
of a Category 6 cable in the centre of the bundle in air is measured to be 7,26 *CK.

Another measurement using the same cable type, same fixed current of 500 mA per
conductor, and same air environment surrounding the cable bundle, but with a cable bundle
size of 61, resulted in a temperature rise of the cable in the centre of the bundle of 11,10 2CK.

Using these values and Formula (B.5) results in Formula (B.12).

[ci] [37 37" [726]

2

A~
o
N
N

~

(ol [61 o1 ~|ati0] ¢

Solving Formula (B.12) gives the results for the coefficients Cy and C, in Formula (B.13).
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[q}: {0,13} (B.13)
Cy | 039

B.10 Coefficients for air and conduit

Table B.1 shows the bundling coefficients determined from measurements for the different
4-pair cables and cords using at least two different bundle sizes (e.g. 37 and 61 cables per
bundle).

Table B.2 shows the resistance per metre and the bundling coefficients determined, ¥rom
measurements for the different 1-pair cables and cords using at least two differentcbundle
sizes (e.g. 37 and 19 cables per bundle).

See Annex F for a recommended method to determine the constants for different types of
cables and cords.

Table B.1 — Bundling coefficients for different types of
4-pair cables and cords (all 4 pairs energized) in airand conduit

cparie ot
<, c, c, c,
Cat-6,-cables Lot Lot B ooner
Cat7,-cables oee Lot Loccc Coa

Bundling coefficients
Cable type Open air Conduit
C, C, c, C,
0,4 mm cords 0,578 0 7,120 0 0,792 0 11,700 0
Category 5 cables 0,506 8 3,973 2 0,633 2 6,120 0
Category 6 cables 0,422 8 2,828 0 0,482 4 4,713 2
Category 6, cables 0,342 8 2,505 2 0,370 4 3,986 8
Category 7 cables 0,342 8 2,505 2 0,370 4 3,986 8
Category 7, cables 0,174 4 2,060 0 0,222 0 3,364 0

NOTE The bundling coefficients for Category 7, cables were determined from the relative resistance values in

IEC TR 61156-1-6.



https://iecnorm.com/api/?name=f06c4791069323831e86595b6cb9a477

REDLINE VERSION -32 - ISO/IEC TS 29125:2017+AMD1:2020
+AMD2:2024 CSV © ISO/IEC 2024

Table B.2 — DC resistance and bundling coefficients for 1-pair cables of different
conductor diameters (all conductors energized) in air and conduit

Conductor diameter R -
in air in conduit
mm Q/m C, C, C, G,
0,40 0,140 9 0,069 9 1,797 0,053 2,739
0,51 0,086 7 0,043 1,105 0,032 6 1,685
0,57 0,069 4 0,034 4 0,885 0,026 1 1,349
0,65 0,053 4 0,026 5 0,680 6 0,020 1 1,037
0,81 0,034 4 0,017 0,438 3 0,012 9 0,663
1,02 0,021 7 0,010 7 0,276 4 0,008 2 07421 3

NOTE The bundling coefficients are directly proportional to the square of the ratio of the.fwo conductor
diameters.
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Annex C
(informative)

Transmission parameters related to remote powering

C.1 DC loop resistance

C.11 4-pair cabling

The DC loop resistance requirements of each pair of a channel are specified\\in
ISO/IEC 11801-1 when measured in accordance with IEC 61935-1. For convenience,
Table C.1 shows those requirements.

Table C.1 — Maximum DC loop resistance of channels

Category 5 Category 6 Category 6, Category 7 Category 7,
Q Q Q Q Q
25 25 25 25 25

NOTE DC loop resistance applies only to pairs that provide DC continuity end-to-end. For testing connectivity,
refer to IEC 61935-1.

Cc.1.2 1-pair cabling

The DC loop resistance requirements of each pair of a channel are specified in
ISO/IEC 11801-1:2017/AMD1:—, when measutred in accordance with |EC 61935-4. For
convenience, Table C.4 shows those requirements.

Table C.4 — Maximum BPC loop resistance of 1-pair channels

T1-A-1000 T1-A-400 T1-A-100 T1-B T1-C
47,0 Q 58,56 Q 14,9 Q 14,9 Q 14,9 Q

NOTE DC loop resistance applies*only to pairs that provide DC continuity end-to-end. For testing connectivity,
refer to IEC 61935-4.

The DC loop resistance requirements of a 1-pair channel can be calculated using Table B.2
for DC resistante’of the horizontal portion of the single pair channel, the respective resistance
of single pairfords, and the maximum number of connections with 0,10 Q per connection. For
examplefota T1-B channel the maximum DC resistance is typically 14,9 Q.

Whilethe values in Table C.4 represent the maximum DC loop resistance values specified,
the.actual DC loop resistance is dependent on the conductor size and length of the cabling.
Selecting a larger conductor size, often associated with a higher performance category of
cabling, is one way to reduce DC loop resistance and improve both energy loss in the cabling
and cable heating. Careful attention to cable routing to minimize cable lengths will
substantially decrease DC loop resistance.
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C.2 DC resistance unbalance (within pair)

Cc.2.1 General

The resistance unbalance within a pair, R

is defined by:

u,pair’

R.1—R
e Te2ll100% (C.1)

Ry oair =
wpar Re1+ Reo

where
Re1 is the DC resistance of one conductor in a pair,
Reo is the DC resistance of the other conductor in the pair.

C.2.2 4-pair cabling

The DC resistance unbalance requirements of each pair of a ¢able, connector, or channel are
specified in ISO/IEC 11801-1. For convenience, Table C.2| 8hows those requirements as
shown in Formula (C.1).

Table C.2 — DC resistance unbalance of 4-pair cables, connecting hardware
and channels

Category Cable Connecting hardware Channel
Category 5 <25%?®@
Category 6 <25%?2 <50 mQ b
Category 6,, 7, 7, < 2,00%@¢

<3 % ©or<200mQ cd
whichever is greater.

a8  When measured in accordance wjthdEC 61156-1 at, or corrected to, a temperature of 20 °C.

Maximum difference between @ny-two conductors of Category 5, 6, 6,, 7, 7, connecting hardware measured
in accordance with IEC 60512-2-1:2002, Test 2a.

¢ Based on a DC resistance‘unbalance of each connection of 50 mQ.

As channel length .decreases, the DC resistance unbalance becomes bounded by the DC resistance
unbalance of the connecting hardware, < 200 mQ for four connectors. Therefore, as the contribution of the
cable to total channel DC resistance decreases, it is possible for the DC resistance unbalance expressed as
a percentage to-exceed 3 %.

€ When measyred in accordance with IEC 61935-1.

C.2:3 1-pair cabling

The DC resistance unbalance between the two conductors of a single pair link shall not
exceed 3 % or 200 mQ , whichever is greater.

C.3 DC resistance unbalance (pair to pair)

The pair-to-pair DC resistance unbalance R is defined by Formula (C.2).

u,between pairs

|Rp1 - Rp2|

x100% (C.2)
Rp1 +Rp2

Ru,between pairs ~
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where
Ry is the DC parallel resistance of the conductors of a pair,
Dpé is-the DC p:lr:lllnl resistance of the conductors of another pair
and
Ry = Rgq X Rep I (Rgq * Rep)
where
Re1 is the DC resistance of one conductor in a pair,
Reo is the DC resistance of the other conductor in the pair.

The DC resistance unbalance (pair to pair) requirements of a cable, permanent link, or
channel are shown in Table C.3. The requirements for DC resistance unbalanee-are based on
statistical analysis of a survey of installed cabling.

Table C.3 — DC resistance unbalance (pair to pair)

Category/Class Cable Permanent link 2?2 Channel 2:°

Category 5/Class D

Category 6/Class E

7 % or0,1 Q, 7 % or 0,1 Q,

0,
Category 6, /Class E, 5% whichever is greater whichever is greater

Category 7/ Class F

Category 7, /Class F,

a8 As channel and permanent link length decreases,the 'DC resistance unbalance becomes bounded by the DC
resistance unbalance of the connecting hardware,/< 100 mQ for four connectors on two pairs in parallel.
Therefore, as the contribution of the cable to tetal channel DC resistance decreases, it is possible for the DC
resistance unbalance expressed as a percehtage to exceed 7 %. Field measurements may have accuracy
limitations below 0,2 Q.

b When measurements of DC loop resistance are used to calculate pair-to-pair DC resistance unbalance, the
accuracy of measurements of DCW\loop resistance for both pairs should be taken into consideration (see
IEC 61935-1).
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Annex D
(informative)

Illustrations of heating of various bundle sizes and configurations

D.1 Limiting cable bundle size

Separating large bundles into smaller bundles reduces the maximum temperature rise when it
results in a larger separation or overall surface area (e.g. 3 x 37-cable bundles had lower
temperature rise than a 91-cable bundle).

The measured temperature rise in the centre of a 91-cable bundle shown in Figure.D.1 was
higher than the worst case measured temperature rise in the centre of three smallér bundles
of 37 cables as shown in Figure D.2.

y - - . *
059900

Figure D.2 — Three bundles of 37 cables
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D.2 Separating into smaller bundles

Separation of bundles into three bundles as illustrated in Figure D.3 reduces the maximum

temperature rise even further.

Figure D.3 — Three bundles of 37 cables with separation
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Annex E
(informative)

Test protocol

E.1 Background

The testing protocol detailed in Annex E is intended for the determination and collation of,
information in laboratory conditions. It may be applied to assess the performance of spegific
products in the configuration specified within the protocol, but is not intended to be applied as
acceptance testing for such products or for installed cabling.

The testing protocol is required to be able to measure the temperatures of conductors, cables
and cable bundles for the models in Annex B based upon the variables of i, n,; NVVand R.

The test protocol provides test configurations, methods and data submission formats that are
necessary to produce effective comparative data which support the planning, installation and
operational recommendations of this document.

E.2 Test set-up

All tests shall be undertaken on bundles containing—thirhy-seven—{ 37 }4-pair cables each
having a nominally circular cross-section. This quantity is used in order to produce a cable
bundle with three complete layers surrounding a centre cable as shown in Figure E.1.

NOTE 1 Circular bundles can be constructed with_lower numbers of cables (e.g. 7 or 19, where smaller
containment systems are under investigation), but (these are considered inappropriate for the needs of the
recommendations of this document.

NOTE 2 Thermocouples Ty}, and T are optianal and are only necessary for data intended to validate the model
of Annex B.

Thermocouples
T1, T2a and T3

Thermocouple
TZC

Thermocouple
Tap

IEC

Figure E.1 — 37-cable bundle and temperature location

The minimum length of the “perfect bundle”, i.e. that length over which the bundle is
configured with three complete layers surrounding a centre cable in a circular construction, is
2,4 m. This is shown in Figure E.2.
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Dimensions in metres

T4 T2a, b, cand d T3 Ta
I
Ambient
| :
1 1
1 1
1 1
: 0,6 +0,05 0,6 +0,05 :
: l L il Lad :
1 1
1 1
>1,2 >1,2

1
1
1
P »n'a [
< L] »
1

"perfect" bundle

IEC

A
Y.

Figure E.2 — "Perfect bundle” and thermocouple configuration

The cables are configured to allow the balanced pairs within them to be fed with a constant
current. The test shall be coupled with all conductors in series.s0" the same current is flowing
through the whole set-up as shown in Figure E.3 for 4-pair‘cabling and Figure E.4 for 1-pair
cabling.

NOTE 3 This can be achieved by the use of a single cable wéund around formers at either end or by individual
cables with pairs connected together at each end.

b seseses an
""""" 2000000000
—00000000000C ]

—30000000000000C]
ic — Cable 1 Cable 2 Cable 37 IEC

Figure E.3 — 4-pair cabling conductor configuration

Conductor 1 of cable 1 connected to conductor 1 of cable 2
Conductor 2 of cable 1 connected to conductor 2 of cable 2

Current l
—
O OCOCOCT T OO0 —COOOOCOCC
- Cable 1 Cable 2 Cable 37
Current

IEC
Figure E.4 — 1-pair cabling conductor configuration

A minimum of six thermocouples shall be placed within the length of the “perfect bundle”: four
(Togr Tops Toe @nd Tyy) shall be placed on the middle of its length, with each one measuring
the temperature of successive cable layers, and one to either side (T4 and T3) at a distance of
(0,6 £ 0,05) m from the middle. This configuration is shown in Figure E.2.

The thermocouples T,,, Ty, T, and T,y shall be placed on the outer edge of each of the
cable layers (i.e. at distances d/2, 3d/2, 5d/2 and 7d/2, respectively, from the centre of the
bundle, where d is the cable diameter).

A further thermocouple (T,) is used to obtain ambient temperature information.
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NOTE 4 This thermocouple configuration and bundle length has been shown to provide a uniform temperature
profile along the bundle. Shorter lengths show temperature drop-off towards the ends of the bundles.

Additional thermocouples may be used to provide temperature information for particular

installation conditions (e.g. for fire barriers placed around the central area of the bundle). Any
information from these thermocouples is considered additional to that of T4, T, and T,. If it is
desired to calculate a temperature of the central cable of the “perfect bundle”, access to the
conductors of that cable is necessary to enable measurements such as voltage drop to be
made. However, the temperature of the conductors of the cable varies between the points of
access and the location of the thermocouples T, and T3. This potential variation should be
taken into account in any assessment.
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Annex F
(informative)

&S

Detailed test procedure

F.A1 General

In the testing performed to derive the data presented in this document, cable bundles werg’.

carefully formed leaving little or no separation between cables. This was done to obtain w@

case temperature rise results. @
XX

The method applies to both 4-pair and 1-pair cabling although Figures F.1 to F.4 4-pair

implementations.

P
F.2 Test set-up @O
XX

F.21 Thermocouple placement '<\

A slot is cut in the cable jacket to provide access to the cer}f@of the cable as shown in
Figure F.1. When cutting the jacket, it is important to eﬁ\‘;ye that the insulation of the
individual pairs of the cable is not damaged. N

QO

C) IEC

Figure F.1 — Placement of thermocouple

&he thermocouple is secured in place by compression and wrapping with tape as shown in
O Figure F.2. This cable will be the centre cable of the cable bundle.

™
Qv
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Q
Figure F.2 — Securing of the thermqggtple
NV

F.2.2 Measurement of cable bundle in air Q

A single length of cable is wrapped continuously arggﬁ two anchored PVC pipes to form the

cable bundles shown in Figure F.3. The anchor% C pipes are 3 m apart and secured to

two 50 mm x 3 m boards.
o~
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X
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% IEC
Figure F.3 — Tesb&}t-up for cable bundles in air

The bundle on the left is a cab\@@mdle size of 61 and the bundle on the right is a cable
bundle size of 37. The conductors exposed on each end are soldered together in a
configuration to allow curre%Y flow through each pair of the cable when connected to a

current controlled voltage ce.

F.2.3 Measureme@of cable bundle in conduit

A conduit is split o‘é}/n the centre and assembled around the same bundles used in the set-up
for cable bundl&%easurement in air. The conduit is split longitudinally in half, placed around
the bundles, then secured in place with hose-clamps as shown in Figure F.4.

o

-
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IEC

Figure F.4 — Test set-up for %B?h bundles in conduit

The ends of the conduit are stuffed with tic bags to prevent the possibility of any
convection air currents. The size of the duit may be changed to maintain a cable-to-
conduit fill percentage close to 40 %. s\\

O
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FOR REMOTE POWERING OF TERMINAL EQUIPMENT

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. ISO and IEC teghnical
committees collaborate in fields of mutual interest. Other international organizations, governmental>and non-
governmental, in liaison with ISO and IEC, also take part in the work.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly,as possible, an
international consensus of opinion on the relevant subjects since each technical committee has’representation
from all interested IEC and ISO National bodies.

IEC and ISO documents have the form of recommendations for international use and<are.'accepted by IEC and
ISO National bodies in that sense. While all reasonable efforts are made to ensure that\the technical content of
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the way in which they are
used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO National bodies\undertake to apply IEC and ISO
documents transparently to the maximum extent possible in their national and regional publications. Any
divergence between any IEC and ISO document and the corresponding-fational or regional publication shall be
clearly indicated in the latter.

IEC and ISO do not provide any attestation of conformity. Indepéndent certification bodies provide conformity
assessment services and, in some areas, access to IEC and~ISO marks of conformity. IEC and ISO are not
responsible for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition af this document.

No liability shall attach to IEC and ISO or their directors, employees, servants or agents including individual
experts and members of its technical committees”and IEC and ISO National bodies for any personal injury,
property damage or other damage of any nature-whatsoever, whether direct or indirect, or for costs (including
legal fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document or any
other IEC and ISO documents.

Attention is drawn to the Normative reférences cited in this document. Use of the referenced publications is
indispensable for the correct application of this document.

IEC and ISO draw attention to the\possibility that the implementation of this document may involve the use of
(a) patent(s). IEC and ISO take mo’ position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof.\As of the date of publication of this document, IEC and ISO had not received
notice of (a) patent(s), whieth may be required to implement this document. However, implementers are
cautioned that this may net\represent the latest information, which may be obtained from the patent database
available at https://patents.iec.ch and www.iso.org/patents. IEC and ISO shall not be held responsible for
identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

ISO/IEC TS 29125 edition 1.2 contains the first edition (2017-04), its amendment 1 (2020-
05) [documents JTC1-SC25/2919/DTS and JTC1-SC25/2945/RVDTS] and its amendment 2
(2024-10) [documents JTC1-SC25/3272/DTS and JTC1-SC25/3289/RVDTS].

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is
available in this publication.
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The main task of the joint technical committee is to prepare International Standards. In
exceptional circumstances, the joint technical committee may propose the publication of a
Technical Specification when

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e when the subject is still under technical development or where, for any other reason, there
is the future but not immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

ISO/IEC TS 29125, which is a Technical Specification, has been prepared by subgcommittee
25: Interconnection of information technology equipment, of ISO/IEC joint) technical
committee 1: Information technology.

This first edition constitutes a technical revision.

This edition includes the following significant technical changes with fespect to the previous
edition:
a) extension of the current per conductor from 300 mA to 500(mA;

b) provision of additional details of installation conditions that were not described in
ISO/IEC TR 29125:2010;

c) inclusion of guidelines for cords;
d) inclusion of a model to calculate temperature fise in different bundle sizes.

This Technical Specification has been approved'by vote of the member bodies, and the voting
results may be obtained from the address_given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - The 'colour,inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of itsi‘contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This document specifies the use of generic balanced cabling for customer premises, as

specified in the ISO/IEC 11801 series, for remote powering of terminal equipment. It provides
guidance on new cabling installations and renovations. The customer premises may
encompass one or more buildings or may be within a building that contains more than one
organization. The cabling may be installed prior to the selection of remote powering
equipment or powered terminal equipment.

ISO/IEC 11801-1 specifies a structure and performance requirements for cabling subsystems
that support a wide range of applications. They provide appropriate equipment interfaces-to
the cabling infrastructure in equipment rooms, telecommunications rooms and work areas:

A growing number of organizations employ equipment at locations that require the provision of
remote powering. This document was created to provide supplementary -information to
ISO/IEC 11801-1 to implement remote powering over generic balanced cabling*as specified in
ISO/IEC 11801-1.

This document provides additional guidance for remote powering“on the use of balanced
cabling systems as specified in ISO/IEC 11801-1 and guidance*“on different installation
conditions that require special considerations:

e information to bring together all the considerations about remote powering in a single
document;

e guidance on wire diameter and bundling on heating;

e guidance on mating and un-mating of connectors that convey remote power.

This document does not include requiremenis*from national or local safety standards and
regulations.

This document was developed based’ on a number of contributions describing remote
powering over telecommunications/cabling under different installation conditions. The relevant
safety standards and regulations, ‘application standard, and equipment manufacturers give
guidance on factors that should\be taken into account during design of the generic balanced
cabling that supports the distribution of remote powering.

This document extends the current per conductor specified in ISO/IEC TR 29125:2010 from
300 mA to 500 mA. This document covers additional details of installation conditions that are
not described in ISO/IEC TR 29125:2010. This document includes guidelines for cords. This
document addresses the use of generic balanced single pair cabling for customer premises,
to be specified. in future amendments of the ISO/IEC 11801 series, for remote powering of
terminal equipment. This document uses measurements and empirical models to estimate the
thermal performance of single pair cable bundles of various conductor diameters.

INTRODUCTION to Amendment 1

This amendment incorporates changes necessary to include remote powering using single
pair cabling.

INTRODUCTION to Amendment 2

This amendment incorporates changes necessary to extend the current for remote powering
using single pair cabling up to 2 000 mA.
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INFORMATION TECHNOLOGY -

TELECOMMUNICATIONS CABLING REQUIREMENTS

FOR REMOTE POWERING OF TERMINAL EQUIPMENT

1 Scope

This document

a) addresses the support of safety extra low voltage (SELV) and limited power source (LPS)
applications that provide remote power over:

e 4-pair balanced cabling in accordance with the reference implementations of
ISO/IEC 11801 series standards using currents per conductor of up t0+500 mA;

e 1-pair balanced cabling using currents per conductor of up to 2 000 mA;

and targets the support of applications that provide remote power over balanced cabling to
terminal equipment,

b) covers the transmission and electrical parameters needed ’t6 support remote power over
balanced cabling,

c) covers various installation scenarios and how these ‘may impact the capability of balanced
cabling to support remote powering,

d) specifies design and configuration of cabling as specified in ISO/IEC 11801-1.

NOTE SELV requirements specify a maximum voltage\of 60 V DC and LPS is understood in the applications
referenced to be up to 100 W supplied within cabling.

This document includes a mathematical model to predict the behaviour of different bundle
sizes, various cabling constructions;” and installation conditions for different current
capacities.

Safety (e.g. electrical safety.and protection and fire) and electromagnetic compatibility (EMC)
requirements are outside the scope of this document, and are covered by other standards and
regulations. However, information given by this document can be of assistance.

2 Normative references

The followingtdocuments are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

ISO/IEC 11801-1, Information technology — Generic cabling for customer premises — Part 1:
General requirements

ISO/IEC 14763-2, Information technology — Implementation and operation of customer
premises cabling — Part 2: Planning and installation

ISO/IEC TR 24746, Information technology — Generic cabling for customer premises — Mid-
span DTE power insertion
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 11801-1,
ISO/IEC 14763-2 and the following apply.

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

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

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

3.11
power source equipment
equipment that provides power

3.1.2

cable bundle

several cables tied together or in contact with one another in a.parallel configuration for at
least 1 m, with the cross-section profile of the arrangement basically circular

3.1.3
conductor
element intended to carry electric current

[SOURCE IEC 60050-151:2001, 151-12-05, modified — The 3 Notes have been deleted.]

3.1.4

current carrying capacity

maximum current a cable circuit (on€)yor several conductors) can support resulting in a
specified increase of temperature ‘of the conductor beyond the ambient temperature, not
exceeding the maximum allowed,operating temperature of the cable

[SOURCE: IEC 61156-1:2007/AMD1:2009, 3.24, modified — "increase of temperature" has
replaced "increase of the surface temperature".]

3.1.5
remote powering
supply of power €0 application specific equipment via balanced cabling

3.1.6

temperature rise

differénce in temperature between the initial temperature of the conductor without power and
the final temperature of the powered conductor at steady state

3.2 Abbreviated terms

EMC electromagnetic compatibility

FD floor distributor

HVAC heating, ventilation and air conditioning

PTZ pan, tilt, zoom
WAP wireless access point
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4 Conformance

For cabling to comply with this document, the following applies:

a) the design of the cabling shall comply with the relevant cabling design standard of the
ISO/IEC 11801 series;

b) the installation shall comply with ISO/IEC 14763-2 as amended by the additional
requirements of this document.

5 Cabling selection and performance
Cabling for remote powering can be implemented using 4-pair and 1-pair balanced cabling.

This cabling will be used simultaneously to support signal transmission and (rfemote power
feeding for the terminal equipment. This document assumes the use of balanced cabling
components specified in the reference implementation clause of the relevant.design standards
of the ISO/IEC 11801 series.

The transmission parameters of balanced cables related to remoteNpowering can be found in
Annex C.

6 Installation conditions

6.1 General

Cabling may be installed in different types <of-continuous and non-continuous pathway
systems as described in ISO/IEC 14763-2.-Th€ installation of a cable within the pathway
systems should take into account the specified operating temperature of the cable. Due to the
Joule effect, each energized conductor, has a temperature rise. Larger cable bundles have
more heat generation and therefore thetemperature rise is worse than smaller cable bundles.

The cable bundle size is limited{by/the current capacity in 6.3 and the induced temperature
rise that results in an operating.temperature of the cable, not to exceed its temperature rating.

The following guidelines forpathway selection and installation should be considered:

a) installation design-including the type of pathways selected, the pathway fill factor, whether
the pathway is_sealed at both ends,

b) the pathway\environment and whether the pathway goes through thermally insulated
areas, in-which case the type of insulation will be a significant factor. For optimal thermal
performance, pathway design should avoid any insulated areas,

c) thermal aspects of the entire pathway (e.g. open tray, closed tray, ventilated, non-
ventilated, plastic conduit, metal conduit, fire barriers) should be taken into account.

6.2 Ambient temperature

Different segments of a link can have different ambient temperatures, which can influence the
amount of remote power that can be delivered. Therefore the ambient temperature in different
length segments of a link or channel has a direct impact on the operating temperature of the
cable used for the link or channel and can limit the capability of the cable for remote power

delivery to powered terminal equipment The worst case installed cabling condition with
respect to the maximum ambient temperature shall be used to determine the maximum
operating temperature for a link or channel when subject to remote powering.
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6.3 Temperature rise and current capacity

When remote power is applied to balanced cabling, the temperature of the cabling will rise

due to resistive heat gnnnrafinn (lf\lllﬂ ﬂffor\f) in_—the conductors nopnnding on_cable

construction and installed cabling conditions, the heat generated will be dissipated into the
surrounding environment until a steady state is reached with the temperature of the cable
bundle (operating temperature) higher than the ambient temperature of the surrounding
environment. The maximum temperature of any cable shall not exceed the temperature rating
of the cable. The standards in the ISO/IEC 11801 series specify this temperature up to 60 °C
in MICE C, environments and 70 °C in MICE C, and C5 environments.

Temperature rise in the cable will lead to an increase in insertion loss as indicated_in:the
reference implementations of the ISO/IEC 11801 series standards and should be taken into
account when selecting cables and using them in links or channels. The maximum\length of
the channel or link should be reduced based on the maximum temperature of thé cable using
the de-rating factors in ISO/IEC 11801-1.

The maximum current per conductor for different temperature rise in a bundle of 37 cables of
4-pair Category 5 cables with solid conductors, and 37 cords of 4-pair 0,40 mm stranded
cords with all pairs energized is shown in Table 1.

The maximum current per conductor for different temperature rise’in a bundle of 37 cables of
1-pair cables with 0,57 mm diameter conductors, and 37 cords’ of 1-pair 0,40 mm cords with
all pairs energized is shown in Table 5.

Annex B provides an engineering model that may<be’ used for specific cable types, cable
constructions, and installation conditions to derive-the bundle size for a particular current per
conductor. Clause B.7 describes a simplified vefsion of the engineering model in Annex B and
was used to derive the worst case values in Tables 1 to 9 based on constants calculated from
measurements of typical cables for each-/cable category or conductor diameter. The
measurement procedures used to determineg’the constants are detailed in Annex F.

Table 1 — Maximum current per,.conductor versus temperature rise in a 37 4-pair cable
bundle in air and conduit

Temperature rise Currgn4t per conductor Current per conductor
,4 mm cords Category 5 cables
C mA mA
air conduit air conduit
5 278 223 341 287
7,5 340 273 418 351
10 393 315 482 406
“\1’2,5 439 352 539 453
Y
O 481 386 591 497
17,5 520 417 638 537
20 556 446 682 574
Temperature rise above 10 °C shown in grey background is not recommended.
NOTE These values are based on conductor temperature measurement of typical cables and cords.
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Table 5 — Maximum current per conductor versus temperature rise
in a 37 1-pair cable bundle in air and conduit

Femperature €urrentperconductor
rise
0,57 mm wire diameter 0,40 mm stranded wire 1,02 mm stranded wire
diameter (cords) diameter (cords)
K mA mA mA
air conduit air conduit air conduit
5 866 738 608 518 1550 1320
7,5 1061 904 744 634 1900 1620
10 1225 1044 860 732 2 190 1870
12,5 1370 1167 961 819 - 2 090
15 1501 1278 1053 897 - -
17,5 1621 1 381 1137 969 < -
20 1733 1476 1216 1036 - -

Temperature rise above 10 K shown in grey background is not recommended\for cables installed in an
environment that can reach 50 °C.

NOTE 1 These values are based on conductor temperature measuremen{\of typical cables and cords.

NOTE 2 Currents above 2 000 mA are for information only.

Table 2 shows current capacity for different categories of 4-pair cable, independent of
construction, for a given temperature rise. Table(6 shows current capacity for 1-pair cables of
conductor diameters of cable, independent of construction, for a given temperature rise.

Table 2 — Calculated worst case.current per conductor versus temperature
rise in a bundle of 37 4-pair cables (all pairs energized)

Category.5 Category 6 Category 6, Category 7 Category 7,
0,4 mm cords cables cables cables cables cables
AT mA mA mA mA mA mA
cond- cond- cond- cond- cond- cond-

°C air uit air uit air uit air uit air uit air uit
2 175 141 215 181 246 207 267 229 267 229 324 264
4 248 199 305 256 348 293 378 324 378 324 459 373
6 304 244 373 314 427 359 463 397 463 397 562 457
8 354 282 431 363 493 414 535 459 535 459 649 528
10 393 315 482 406 551 463 598 513 598 513 725 590
12N\ :130 345 528 444 604 507 655 562 655 562 795 646
G} 465 373 571 480 652 548 708 607 708 607 858 698
"16 497 399 610 513 697 586 756 649 756 649 918 746
18 527 423 647 544 740 622 802 688 802 688 973 792
20 556 446 682 574 780 655 846 725 846 725 1026 835

Temperature rise above 10 °C shown in grey background is not recommended

The values in this table are based on the implicit DC resistance derived from the insertion loss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications give information relating to a specific cable.

NOTE The current per conductor for each category is dependent on the cable construction.
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Table 6 — Calculated worst case current per conductor versus temperature rise
in a bundle of 37 1-pair cables of different conductor diameters in air and conduit

diameter diameter diameter diameter diameter diameter

AT mA mA mA mA mA mA

°C air conduit air conduit air conduit air conduit air conduit air conduit
2 384 327 490 417 548 466 624 532 779 663 981 835
4 543 463 693 590 775 660 883 753 1101 938 1387 | 1181
6 666 567 849 723 949 808 1082 922 1349 | 1149 | 1699 | 1446
8 769 655 981 835 1096 933 1249 | 1065 | 1558 | 1327 | 1962 |, 1670
10 860 732 1096 934 1225 | 1044 | 1397 | 1190 | 1742 | 1484 | 2 194-| 1867
12 942 802 1201 1023 | 1342 | 1143 | 1530 | 1304 | 1908 | 1625 [(2403 | 2046
14 | 1017 867 1297 | 1105 | 1450 | 1235 | 1653 | 1409 | 2061 1755 1 2596 | 2210
16 | 1087 926 1387 | 1181 1550 | 1320 | 1767 | 1506 | 2203 | 4©877 | 2775 | 2362
18 | 1153 983 1471 1253 | 1644 | 1400 | 1874 | 1597 | 23371991 | 2943 | 2 506
20 | 1216 | 1036 | 1551 1321 1733 | 1476 | 1976 | 1684 | 2463 | 2098 | 3102 | 2641

Temperature rise above 10 °C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistance derived franr'the insertion loss of the various
conductor diameters of cable. Manufacturers' and/or suppliers' specifieations give information relating to a
specific cable.

NOTE 1 The current per conductor for each 1-pair cable is also-dépendent on the cable construction.

NOTE 2 Currents above 2 000 mA are for information only

6.4 Factors affecting temperature increase

6.4.1 General

The steady state temperature for the{conductor of any power carrying cable is reached when
the generation of heat within the cable (Joule effect) is equal to the heat dissipated into the
environment, be it the open atmaosphere, trays, ducts or other cables which can also be power
carrying cables.

6.4.2 Installation near equipment

Ambient temperature near equipment will be higher and also installation of
telecommunications cables and cords in hot aisles will lead to higher ambient temperature
around the patch cord bundle.

6.4.3 Cable count within a bundle

ThisSdocument uses 37-cable bundles as the basis for developing the temperature rise and
current per conductor with all pairs energized. For other cases (e.g. where bundle count
exceeds 37 cables), the guidelines provided in 6.4 can be used.

Refer to Table 7 to determine the maximum temperature rise using 2 000 mA per conductor
for 1-pair cable bundles of different count.

NOQTE The temperature rise of ane cable is lower than that of a 7-cable bundle shown in all tables
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Table 3 — Temperature rise versus 4-pair cable bundle size (500 mA per conductor)

Temperature rise
°C
Number
of 0,4 mm
cables cords Cat 5 cables Cat 6 cables Cat 6, cables | Cat 7 cables | Cat7, cables
cond- cond- cond- cond- cond- cond-
air uit air uit air uit air uit air uit air uit
1 1,9 3,1 1,1 1,7 0,8 1,3 0,7 1,1 0,7 1,1 0,6 0,9
7 5,7 9,1 3,5 5,2 2,6 4,0 2,3 3,3 2,3 3,3 1,7 2,6
19 10,5 16,5 6,7 9,7 5,1 7,4 4,4 6,1 4,4 6,1 3,1 4,7
24 12,2 19,1 7,9 11,3 6,0 8,7 5,1 7.1 5,1 7.1 3,6 5,5
37 16,2 25,1 10,7 15,2 8,2 11,6 7,0 9,5 7,0 9,5 4,7 7,2
48 19,3 29,8 13,0 18,2 10,0 14,0 8,5 11,4 8,5 1{1\a\ 57 8,5
52 20,3 31,4 13,8 19,3 10,6 14,8 9,0 12,0 9,0 ,0 6,0 9,0
61 22,7 34,9 15,5 21,6 12,0 16,6 10,1 13,4 11‘0)3\?~‘13,4 6,7 10,0
64 23,5 36,1 16,1 22,4 12,4 17,1 10,5 13,9 Q\SS 13,9 6,9 10,3
74 26,0 39,8 17,9 24,9 13,9 19,1 11,7 15q>‘ 11,7 | 15,4 7,7 11,3
91 30,1 45,9 21,0 29,0 16,4 22,2 13,8 (])@9 13,8 | 17,9 8,9 13,1

Temperature rise above 10 °C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistancé-derived from the insertion loss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications-give information relating to a specific cable.

NOTE 1 The temperature rise (°C) is based upon a current*ef 500 mA per conductor, for all pairs in all cables in

the bundle.

NOTE 2 The current per conductor for each categaéry)is dependent on the cable construction.
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Table 7 — Temperature rise versus 1-pair cable bundle size
(1 000 mA per conductor)

T + :
remperatureTrise

°C
Number 0,32 mm 0,40 mm 0,51 mm 0,57 mm 0,65 mm 0,81 mm 1,02 mm
of cables diameter diameter diameter diameter diameter diameter diameter
mA mA mA mA mA mA mA

air |conduit| air |conduit| air |conduit| air [conduit| air | conduit | air |conduit| air |conduit
1 2,9 4,4 1,9 2,8 1,1 1,7 0,9 1,4 0,7 1,1 0,5 0,7 0,3 04
7 8,2 11,9 5,2 7,6 3,2 4,7 2,6 3,8 2,0 2,9 1,3 1,9 0,8 1,2
19 14,3| 20,2 9,2 12,9 | 5,6 8,0 4,5 6,4 3,5 4,9 2,2 3,2 1.4 2,0
24 16,4 23,0 10,5 | 14,7 | 6,4 9,0 5,2 7,2 4,0 5,6 2,6 3,6 1,6 2,3
37 21,1 291 13,5 | 18,6 | 8,3 11,5 | 6,7 9,2 5,1 7,1 3,3 4,5 2,1 2,9
48 24,7\ 33,6 15,8 | 21,5 | 9,7 13,2 7,8 10,6 |6,0 8,1 3,9 5,2 2,4 3,3
52 259| 35,2 16,6 | 22,5 |10,2| 13,8 | 8,2 11,1 | 6,3 8,5 4,0 5,5 2,5 3,5
61 28,6| 38,5 18,3 | 24,6 (11,3 151 | 9,0 12,1 |6,9 9,3 4,5 6,0 2,8 3,8
64 29,4\ 39,5 18,8 | 25,3 |11,6| 156 | 9,3 12,5 | 7,1 9,6 4,6 6,2 2,9 3,9
74 32,2 429 |206 | 27,5 (12,7| 16,9 |10,2| 13,5 |7,8 10,4 5,0 6,7 3,2 4,2
91 36,7| 484 |[23,5| 31,0 (145| 19,0 |11,6| 152 ~/8)9 11.7 5,7 7,5 3,6 4,8

Temperature rise above 10 °C shown in grey background is nofrreCommended.

The values in this table are based on the implicit DC resistance of the various conductor diameters of cable.
Manufacturers' and/or suppliers' specifications give information relating to a specific cable.

NOTE 1 The temperature rise (°C) is based upon ‘a_current of 1 000 mA per conductor, for all cables in the
bundle.

NOTE 2 The current per conductor for each conductor diameter is also dependent on the cable construction.

6.4.4 Reducing temperature increase
Minimizing the cabling temperature rise is recommended, as it

a) reduces the impaet on the transmission performance (e.g. insertion loss) of the cabling,
b) reduces the.HVAC loading within the premises,

c) allows operation in higher ambient temperatures without exceeding the cable temperature
rating;

d) reduces the overall cost of delivering remote power by minimizing the resistive heating
loss (power dissipated in the cabling).

The temperature rise can be reduced by minimizing the heat generation and maximizing the
heat dissipation. Examples of how this can be achieved include:

— using higher category cable (for 4-pair cables),
— selecting a larger conductor size which decreases per unit length DC resistance,

e improved heat transfer coefficient between materials within the cable,
e improved heat transfer coefficient between cable sheath and air,

e screen or other additional metallic elements,

solid insulation,
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e alarger diameter,
— reducing the number of energized pairs,

— selection of applications and devices that use lower current.
NOTE Manufacturers’ and/or suppliers’ specifications give information relating to a specific cable.

Mixing power-carrying cabling with unpowered cabling in bundles is also recommended as a
practice to minimize heat rise.

If bundling is necessary, separate large bundles into smaller bundles, as described in
Annex D. Other mitigation considerations are described in Annex A. Otherwise avoid bunhdling
cables to minimize temperature rise.

Table 4 shows the effect of energizing the number of pairs within a 37-cable bundle for
different 4-pair cable categories.

Table 8 shows the effect of energizing the number of pairs withinja' 37-cable bundle for
different 1-pair cable constructions in air. Figure 3 shows this data in_graphical form.

Table 9 shows the effect of energizing the number of pairs~within a 37-cable bundle for
different 1-pair cable constructions in conduit. Figure 4 showsithis data in graphical form.

The recommendation of ISO/IEC 14763-2 for 4-pairccable bundles of no more than 24 is
further reinforced for remote powering due to:

1) installation factors,

2) possible high ambient temperature,

3) the use of 0,4 mm conductor diameter cords,

4) higher currents up to 500 mA perconductor with all 4 pairs energized.
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Table 4 — Temperature rise for a type of 4-pair cable versus the number
of energized pairs in a 37-cable bundle (500 mA per conductor)

No. ATLK)
egir 0,4 mm cords Cat 5 cables Cat 6 cables Cat 6, cables Cat 7 cables Cat 7, cables
giz.ed cond- cond- cond- cond- cond- cond-
pairs air uit air uit air uit air uit air uit air uit
24 5,2 8,4 3,2 4,7 2,4 3,6 2,0 3,0 2,0 3,0 1,5 2,4
48 7,9 12,5 5,0 7,2 3,7 5,5 3,2 4,6 3,2 4,6 2,3 3,6
96 12,2 19,1 7,9 11,3 6,0 8,7 5,1 71 5,1 7,1 3,6 55
144 15,9 24,7 10,5 14,9 8,0 11,4 6,8 9,3 6,8 9,3 4,7 7,0
148 16,2 25,1 10,7 15,2 8,2 11,6 7,0 9,5 7,0 9,5 47 7,2

Temperature rise above 10 C shown in grey background is not recommended.

The values in this table are based on the implicit DC resistance derived from the insertion Jloss of the various
categories of cable. Manufacturers’ and/or suppliers’ specifications give information relating*to a specific cable.

NOTE 1 The temperature rise (K) is based upon a current of 500 mA on each energized conductor

NOTE 2 The current per conductor for each category is dependent on the cable ‘construction.

Table 8 — Temperature rise for a 0,57 mm-conductor diameter
1-pair cable versus current for different bundle sizes in air

Bundle Current
size
mA
200 ‘ 400 ‘ 600 | 800 | 1 000 ‘ 1200 ‘ 1400 | 1 600 | 1 800 ‘ 2 000
AT
K
7 0,1 0,4 0,9 1,7 2,6 3,7 5,1 6,6 8,4 10,3
19 0,2 0,7 NG 2,9 4,5 6,5 8,8 11,5 14,6 18,0
37 0,3 1,1 2,4 4,3 6,7 9,6 13,0 17,0 21,6 26,6
61 0,4 1,4 3,2 5,8 9,0 13,0 17,7 23,1 29,2 36,0
91 0,5 19 4,2 7,4 11,6 16,7 22,7 29,6 37,5 46,3
Temperature rise.'above 10 K shown in grey background is not recommended for cables installed in an
environment that_.can reach 50 °C.
The valuésyin this table are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' Specifications give information relating to a specific cable.
NOTE" The temperature rise for a particular cable is also dependent on the cable construction.
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0,57 cable in air
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Figure 3 — Temperature rise for a 0,57 mm conductor diameter
1-pair cable versus current for different bundle sizes in air

Table 9 — Temperature rise for a 0,57 mm conductor diameter
1-pair cable versus current for different bundle sizes in conduit

Bu_ndle Current

size mA
200 | 400 | 600 | 800 | 1080 1200 | 1400 | 1600 | 1800 | 2000

AT

K
7 0,2 0,6 1,4 2.4 3,8 53 7.2 9,3 11,7 14,5
19 0,3 1,0 2.3 41 6.4 9,0 12,0 15,5 19,5 | 24,0
37 0,4 1,5 33 5,9 9,2 12,8 17,0 | 220 | 276 | 338
61 0,5 1,9 43 7.8 12,1 16,8 | 222 | 286 | 357 | 437
91 0,6 2.4 55 9,8 152 | 209 | 276 353 | 44,1 53,8

Temperature rise above «10 K shown in grey background is not recommended for cables installed in an
environment that can reach 50 °C.

The values in thi§ jtable are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specifications give information relating to a specific cable.

NOTE The temperature rise for a particular cable is also dependent on the cable construction.
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0,57 cable in conduit
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Figure 4 — Temperature rise for a 0,57 mm conductor diameter
1-pair cable versus current for different bundle sizes\in conduit

Table 10 shows the temperature rise for a 1,02 mm conductor, diameter 1-pair cable versus
current for different bundle sizes in air. Figure 6 shows these data in graphical form.

Table 11 shows the temperature rise for a 1,02 mm ,conductor diameter 1-pair cable versus
current for different bundle sizes in conduit. Figure 7shows these data in graphical form.

Table 10 — Temperature rise for.a”1,02 mm conductor diameter
1-pair cable versus current for different bundle sizes in air

Bur\dle Current
size A
200 ‘ 400 ‘ 600 | 800 | 1000 ‘ 1200 ‘ 1400 | 1600 | 1800 ‘ 2 000
AT
K
7 0,1 0,2 0,3 0,5 0,8 1,1 1,5 1,9 2,4 3,0
19 0.3 04 0,6 1,0 1,4 1,9 2,6 3,3 4,1 5,0
37 0,5 0,7 1,0 1,5 21 2,8 3,7 4,7 5,8 7.1
61 057 1,0 1,4 2,0 2,8 3,8 4,9 6,2 7,6 9,3
91 1 1,4 1,9 2,7 3,6 4,8 6,1 7,7 9,5 11,5

Temperature rise above 10 K shown in grey background is not recommended for cables installed in an
enviranment that can reach 50 °C.

The values in this table are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specifications give information relating to a specific cable.

NOTE The temperature rise for a particular cable is also dependent on the cable construction.
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1,02 cable in air
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Figure 6 — Temperature rise for a 1,02 mm conductor diameter

1-pair cable versus current for different bundle sizes-in-air

Table 11 — Temperature rise for a 1,02 mm conductor diameter
1-pair cable versus current for different bundle sizes in conduit

Bu_ndle Current

size mA
200 | 400 | 600 | 800 | 1000 | %200 | 1400 | 1600 | 1800 | 2000

AT

K
7 0,1 0,2 0,5 0,8 1,2 1,7 2.2 2,9 3,7 45
19 0,2 0,4 08 1,3 2,0 2.8 3.8 4,9 6,1 75
37 0.4 0,7 1,2 1,9 2,9 4,0 53 6,9 8,6 10,6
61 0,6 1,0 1,7 2,6 3,8 5,2 6,9 8,9 11,2 13,7
91 0,9 1,4 22 3,3 48 6,5 8,6 11,0 13,8 16,8

Temperature rise above 10 K(shown in grey background is not recommended for cables installed in an
environment that can reach §0,°C.

The values in this tabte,“are based on the DC resistance of the cable conductors. Manufacturers' and/or
suppliers' specifications-give information relating to a specific cable.

NOTE The temperature rise for a particular cable is also dependent on the cable construction.
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1,02 cable in conduit
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Figure 7 — Temperature rise for a 1,02 mm conductor diameter
1-pair cable versus current for different bundle sizes in.conduit

6.4.5 Cable bundle suspended in air

The maximum ambient temperature of 50 °C is possible in certain‘environments and operating
conditions. To allow for this ambient temperature and limit, the“temperature rise to 10 °C, for
the minimum Category 5 cables supporting 500 mA per gonductor, it is necessary to limit the
bundle size to a smaller number than 100 cables.

6.4.6 Administration

The administration system as described in\[SO/IEC 14763-2 can be used to select the
channels in a bundle to use to supply power optimally. For example, the administration
system can be used to record the powering-details of the cables used for remote powering. An
AIM system as specified in ISO/IEC 18598 can be designed to use bundle records and issue
alerts when a bundle exceeds its thermal capacity.

7 Remote power delivery over balanced cabling

71 4-pair balanced cabling

Figure 1 shows examples of specified transmission paths used in generic balanced cabling.
The channel is the“transmission path between equipment such as a LAN switch or hub and
the terminal equipment. The channel does not include the connections at the data source
equipment and-the terminal equipment. The channel, the permanent link or the CP link shall
meet the transmission requirements specified in the design standards.

Remeoie power may be provided to terminal equipment via balanced cabling equipment
interfaces. Remote power may be introduced to the balanced cabling channel at the FD using
spare pairs, if available, or by remote power supplied over the phantom circuit of data pairs
from the power sourcing equipment, as shown in Figure 1.
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Figure 1 — Examples of'end point powering systems
using signal pairs)(top) and spare pairs (bottom)

IEC

Alternatively, remote power may be supplied by mid-span power source equipment that
inserts remote power independent of the data source equipment, as shown in Figure 2.
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Figure 2 — Examples‘of’mid-span powering systems

When mid-span power source equipment replaces a generic balanced cabling component or
components, the data pairs shally'meet the performance requirements of the component or
components it replaces (e.g. patech cord, patch panel or combination thereof), regardless of
the equipment interfaces used for input and output connections. Placement of mid-span power
insertion equipment shall be,external to the permanent link, see ISO/IEC TR 24746.

7.2 1-pair balanced cabling

Figure 5 shows examples of specified transmission paths used in 1-pair balanced cabling.
The channel _is“the transmission path between equipment such as a LAN switch or hub and
the terminalcequipment. The channel does not include the connections at the data source
equipment .and the terminal equipment. The channel, the permanent link or the CP link shall
meet the transmission requirements specified in the design standards.

Remote power may be provided to terminal equipment via balanced cabling equipment
interfaces. Remote power is introduced to the balanced cabling channel at the Floor
Distributor using the phantom circuit of data pairs from the power sourcing equipment, as
shown in Figure 5.
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Figure 5 — Single pair remote powering using signal pairs

When mid-span power source equipment replaces a generic balanced cabling component or
components, the data pair shall meet the performance requirements of the component or
components it replaces (e.g. patch cord, patch panel or combination thereof)(regardless of
the equipment interfaces used for input and output connections.

8 Connecting hardware

8.1 General

The temporary removal of remote power should be considered before mating or un-mating
connecting hardware in a remotely powered channel.

It is preferable that remote powering is not present,during mating or un-mating of connecting
hardware.

Intelligent powering systems such as Power,\over Ethernet and Power over Ethernet-plus
(defined in ISO/IEC/IEEE 8802-3) automatically recognize compliant loads before applying the
required level of remote power, thus eliminating electrical stress during connector mating.

ISO/IEC/IEEE 8802-3 also defines‘optional features to remotely manage the provision of
electrical power to each port via port power management which can be used to remove
remote power from a particular:¢channel prior to un-mating connectors.

Port power management(is therefore the preferred approach to reconfiguration of remotely
powered cabling channgls.

8.2  4-pair balanced cabling

Connecting hardware in channels used to support remote power applications shall have an
appropriatexcurrent rating when mated. Connecting hardware contacts can deteriorate as a
result of “mating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (see IEC 60512-99-001 and IEC 60512-99-002). Manufacturers
should be consulted regarding the number of mating and un-mating cycles supported by
conhnecting hardware while conveying the intended levels of electrical power.

Where it is not practicable to switch off the remote power before mating or un-mating (e.g. for
power sources that do not have power management), connecting hardware having the
required performance for mating and un-mating under the relevant levels of electrical power
and load should be chosen. These requirements are not within the scope of the balanced

conmectingtardware—standards (e g—EC66663-7HEC61H076=-3-t04—=and—EC61676=-3=1t10)
referenced from ISO/IEC 11801-1 and equivalent standards but may be assessed using
additional test schedules.

NOTE A test schedule for connectors under electrical load is described in IEC 60512-99-001 and
IEC 60512-99-002.
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8.3 1-pair balanced cabling

Contacts need to support 2,0 A for mating and un-mating under load.

Connecting hardware in channels used to support remote power applications shall have an
appropriate current rating when mated. Connecting hardware contacts may deteriorate as a
result of mating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (IEC 60512-99-003). Manufacturers should be consulted
regarding the number of mating and un-mating cycles supported by connecting hardware
while conveying the intended levels of electrical power.

NOTE A test schedule for engaging and separating connectors under electrical load is described in
IEC 60512-99-003.
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Annex A
(informative)

Mitigation considerations for installed cabling

A.1 General

Installed cabling is not easy to change to support new applications with additional
requirements. Annex A offers some considerations that can be useful to provide remote power
over existing installations of Class D or better balanced cabling. Consideration should\be
given to local heat dissipation conditions, for instance going through framed wall construction
or through insulating material.

A.2 Minimum cabling class

Class D is the minimum cabling suitable for remote powering. Better»balanced cabling is
recommended to allow higher power needed by emerging applications such as next
generation WAPs and outdoor heated PTZ cameras.

A.3 Bundle size and location

Cables with improved thermal characteristics may be eonfigured into larger bundles. The
location of a cable bundle is also an important consideration. Conduits sealed at both ends
typically retain more heat than open conduits, leading to a higher temperature rise in the
sealed conduit. If cables are installed in an open tray, the temperature rise will be lower than
the temperature rise in conduits (sealed or unsealed) for the same bundle size.

A.4 Mitigation options

If an existing installation does n¢t meet the current capacity in this document for a particular
bundle size, the following mitigation options may be considered.

a) Use only half the cables in a bundle for remote powering with the other half used for
applications that do not need remote power.

b) If ambient tempefatures are high, consider adding air-conditioning or air-circulation over
cabling segments that are exposed to high temperature.

c) If possible,'separate larger bundles into smaller bundles.

If it is not-possible to implement any of the mitigation options listed above, and the number of
data terminals requiring remote powering is significant, upgrade the installation using cables
with_improved thermal characteristics.

Additionally, when the number of data terminals requiring remote powering is significant,
upgrade the installation using the appropriate installation procedures to keep the bundle size
reasonably low (e.g. 24 cable count) to allow proper heat dissipation all along the channel,
permanent link or CP link.
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Annex B
(informative)

Modelling temperature rise for cable types,
bundle sizes and installation conditions

B.1 Model basics

This model derives the temperature rise based on measured data for different cable types.and
installation environments:

a) AT is the total temperature rise between the ambient temperature (or that of the
unpowered bundle) and the centre of the bundle;
b) ATy, is the temperature rise between the outer surface and the centre of the bundle;

c) AT, is the temperature rise between the ambient temperature (or that\of the unpowered
bundle) and the outer surface of the bundle.

ATy,

AT,

AT,

IEC

Figure B.1 — Temperature rise profile

An additional element of the' model provides a calculation for the temperatures within the
bundle at a distance x fromthe centre (AT,).

B.2 Power dissipated (P)

The model.uses a common factor which is defined as P:

P=N><nC><iC2><R (B.1)

where
ic is the current per conductor (A) = 0,5 times the current delivered by a pair;

ne is the number of conductors per cable carrying remote powering current (i;)

Cc
= 2 times the number of pairs carrying remote powering current:

n =2 for 1-nair cables:
T g y
ng = 8 for 4-pair cables;
N is the number of cables carrying remote powering current;

R is the average DC resistance per unit length (Q/m) of conductors carrying remote
powering current.



https://iecnorm.com/api/?name=f06c4791069323831e86595b6cb9a477

FINAL VERSION - 28 — ISO/IEC TS 29125:2017+AMD1:2020
+AMD2:2024 CSV © ISO/IEC 2024

It is recognized that resistance is a function of temperature. This may be neglected for small
temperature rises of < 20 °C. However, for calculations resulting in larger temperature rises
iteration should be employed within the model. Without such iteration the model produces an

mnadaractinaat £tk toamoaoratie ria
UTTU LT COolITTTate uUr uure I.UIII'JUI“I.UIU nmov.
B.3 Temperature difference from ambient temperature to bundle surface (AT,)

B.3.1 Model equations

AT, = Pux P no PuxP K (B'2)

[mﬁﬁﬁ} lax VN x5182)

Py is the constant relating to installation environment;

where

d is the cable diameter (m).

B.3.2 Typical values for constant p,

Examples of factors for common use cases determined empirically are listed below. Other use
cases may be developed under engineering supervision. Formula (B.2) indicates that for all

cable constructions and conduits/trays filled up to atyleast 40 % capacity as defined in
ISO/IEC 14763-2, p, is

a) 0,15 under ventilated conditions,

b) 0,25 for plastic conduits or open metal trays,
c) 0,5 for closed metal trays,

d) 0,75 with insulation.

The mapping of test results is ongeing and may lead to a refinement of these models.

In this document all calculated conduit tables assume a p-factor of 0,25. Environments with
different p-factors shall be recalculated.

B.4 Temperature difference from bundle surface to bundle centre (AT},)

B.4.1 Model equations

_ Pth X P ~ Pth X P K (B.3)

AT,
LU 12,6

where

Y IS a constant relating to cable construction.
B.4.2 Typical values for constant p

Work undertaken during the development of this document and mapping of test results to the
model into Formula (B.3) indicates that:

—  pin = 5 for U/UTP cable constructions;
—  pin = 3 for F/UTP cable constructions;

—  pin = 2,75 for S/FTP cable constructions.

The mapping of test results is ongoing and might lead to a refinement of these models.
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